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Summary of Framework

The table below is a summary of the Microplastic Monitoring Framework recommendations, near-term actions, future-term actions, and potential
program partners. As described in the body of this report, the framework was developed through research and wide-ranging discussion among
Chesapeake Bay stakeholders within the Plastic Pollution Action Team (PPAT). The PPAT arrived at the priority recommendations through
consensus and potential program partners were identified for each action. They are presented in no particular order.

Recommendation

Consider adding the goal of no
net increase in microplastic
pollution to the Bay Agreement

Near-term Actions

Work with partners including
identifying a champion
jurisdiction to justify the no net

Future-term Actions

Garner full support of CBP to
achieve no net increase in
microplastic pollution using this

Potential Program
Partners

CBP Management
PPAT

d : o GITs

increase goal in response to the monitoring framework as a

Beyond 2025 effort and present baseline WGs

to Management Board Champion jurisdiction
Institute and implement a e Ensure that adequate capacity Continue providing resources EPA CBPO
monitoring program to and resources are available for needed to answer long-term PPAT

measure attainment of this no
net increase goal and support
related goals, such as
identifying controllable
sources of microplastics

field sampling, laboratory
analysis, and data management
of a robust monitoring program

questions

Add microplastics sampling
and analysis of water and
sediment to existing or new
CBP monitoring networks

Add microplastic collections and
analysis of 12 monthly water
column samples and 8 storm-
event samples annually at 9
RIM stations

Add microplastics analysis of
sediment collected by LTB
program at its 48 fixed sites
annually

Identify one or more institutions
that will receive microplastic
samples for analysis or
archiving
e Identify a central
repository for microplastic

Work with CB WQ monitoring
network partners to sample about
half of 126 stations for
microplastics, evenly divided
between bay and tidal tributaries

Add microplastics analysis to
sediment collected by LTB at
spatially balanced 40 of 166
random sites

Consider reinstating zooplankton
monitoring program with
microplastics sampling

Consider creating a bay-wide
beach monitoring program for
microplastics

CB WQ monitoring
network participants
EPA CBPO and MD and
VA agencies conducting
LTB and potentially
zooplankton monitoring
ChesMMAP

NCEI
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Recommendation

Near-term Actions

Future-term Actions

Potential Program

Partners

data or submit data to

National Centers for

Environmental Information

(NCEI) repository for

multiple datasets of marine

microplastics
Estimate bay loads of Estimate annual loadings of As years of monitoring EPA CBPO
microplastics from each of the microplastics using the CBP and accumulate, the trends estimation USGS
major Bay tributaries for USGS methods developed for methods used for nutrients and
annual status and future trends existing nutrient and sediment sediment can also be applied to
reporting loadings calculations microplastics results
Facilitate incorporation of Ask each state with a WV DEP
microplastic sampling into probabilistic non-tidal stream MD DNR
state and local monitoring survey (e.g., MBSS) to collect a VECOS
programs wherever possible to minimum of 40 water samples
build an increasingly complete (and benthic macroinvertebrate VADEQ
picture of the spatial samples if desired) from a State regulatory
distribution of microplastics spatially balanced random subset agencies
status and trends of sites. Future sampling designs DWSPP

will lessen sampling in areas of DC DOEE
homogenous results and address MS4s

apparent hotspots

Ask each state with long-term
fixed site network to collect a
minimum of 20 water samples
annually for future trends analysis

NGOs within CMC

Conduct focused sampling of
known proximal (i.e.,
wastewater, stormwater, aerial
deposition) and ultimate (e.g.,
land uses) microplastic
sources in sufficient numbers
to characterize variation across
the Bay watershed

Support the Pennsylvania pilot
study designed to sample (1)
known microplastics sources,
(2) upstream-downstream
contributions, and (3)
contributions from forest, urban,
and agriculture land uses

Develop systematic monitoring of
microplastics in wastewater,
stormwater, and aerial deposition
at 40 locations (or 10 locations as
a pilot) each within the
Chesapeake Bay watershed

Work with local governments that
monitor catchments of dominant
land use to expand on the
Pennsylvania pilot.

EPA CBPO
PA DEP
MS4s

State health
departments

State agencies

regulating wastewater

treatment facilities
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Recommendation

Near-term Actions

Future-term Actions

Ask state regulatory agencies to
require wastewater treatment
facilities to add microplastics
sampling and analysis to their
monitoring

Potential Program
Partners

Implement plastic type (shape

and composition) identification

in 20% of randomly selected
samples to develop an
accurate picture of plastic

products and ultimate sources

leading to microplastic
pollution, where possible

e Expand on trash monitoring for
local TMDLs (e.g., Anacostia) by

adding microplastic sampling to
these efforts as an opportunity
to match trash types and
microplastic amounts for a
better understanding of plastic
product sources.

Use consistent existing methods
(see Appendix B Laboratory
Reference Guide) or develop new
comparable diagnostic polymer
and fiber analyses to evaluate
representative samples from the
spatially extensive monitoring
programs

Use reference sites as measures
of background microplastics in
the environment (e.g., MBSS
sentinel and local reference sites)

NGOs may have specific designs
to meet specific goals that can be
related to microplastics for source
identification

When possible, incorporate
microplastic type identification
into extensive non-tidal stream
sampling programs to identify
specific microplastic pollution
hotspots to be controlled

e CBP and academia

e State agencies and
local governments

e NGOs

Determine microplastics
concentrations in select
species of ecological and
human health importance in
sufficient numbers to
characterize variation across
the Bay watershed

Add microplastics analysis to
existing Chesapeake Bay fish
monitoring programs (e.g.,
VIMS’ ChesMMAP) that collect
stomachs

Extend fish stomach collections
and analysis for microplastics
analysis to state and local
governments that sample fish
throughout their non-tidal streams

Work with state and local
governments to collect a
subsample of the fish and
invertebrates for microplastics

EPA CBPO
e VIMS ChesMMAP

State agencies and
local governments

NGOs
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Recommendation

Near-term Actions

Future-term Actions

Potential Program
Partners

analysis from regular non-tidal
monitoring

As a first step to address human
exposure, work with local
governments and NGOs to add
microplastics to regular or
volunteer monitoring for bacteria
at beach sites

Conduct focused food web
studies to better understand
the trophic pathways leading to
microplastics concentrations in
these species

Conduct targeted sampling
of selected species to
identify presence of
microplastics (e.g., brook
trout, striped bass, blue
crabs, oysters, and black
duck)

Conduct systematic studies on
the trophic pathways of
microplastics through the food
web, focusing on brook trout,
striped bass, blue crabs, oysters,
and black duck

e CBP and academia

Undertake scientific studies of
the degradation of plastics and
their role as a vector of toxicity
and other risk factors affecting
the ecosystem and human
health

Conduct laboratory studies of
toxicity of microplastics and
associated substances on brook
trout, striped bass, blue crabs,
and oysters.

Expand on VIMS study of
impacts of microplastics on
bacterial communities and the
nitrification/denitrification process
Implement degradation studies
and source-sink models for the
Bay.

e CBP and academia
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1. Introduction

Monitoring of plastic pollution is important to determine the potential impacts and risks to living resources
in the Chesapeake Bay. Monitoring can provide critical data such as annual loadings, high areas of
accumulations (hot spots), common plastic types, and long-term status and trends. This “Framework for
Monitoring Plastic Pollution in the Chesapeake Bay” builds upon the foundational work of the Plastic
Pollution Action Team (PPAT)’s monitoring subcommittee, where objectives and priorities have been
established. Specifically, this framework makes recommendations on monitoring strategies across various
media, such as surface water, sediment, and key living resources, as well as scale, frequency, and
locations for broad application throughout the Chesapeake Bay and its watershed. The framework
focuses on leveraging existing programs to limit the resources required.

This Framework report includes a Field Sampling Reference Guide and a Laboratory Reference Guide as
appendices. These guides provide the specifics of microplastic monitoring needed to implement the
framework and will help streamline methods and leverage resources across stakeholder groups.
Fortunately, field collection of water and sediment samples for laboratory analysis of microplastics is
straightforward, with careful handling to avoid contamination the most important concern. Water can be
collected in bulk or as volume-reduced (pump) samples and analyzed or archived similar to chemical
samples. Therefore, adding microplastics sampling to existing monitoring programs should not
significantly increase field efforts, though laboratory access and analysis is an additional cost to consider.
The specific sampling methods for each program should consider recommendations in the reference
guides, methods already employed by the existing program, and comparability for data analyses.

2. Goals and Priorities

The goals for monitoring plastic pollution are many, with each goal influencing the appropriate scale,
location, and sampling design. Through PPAT and other avenues, we have identified the following
guiding questions to help establish goals to address in this framework:

o Whatis the current status (i.e., concentrations and loads) and future trends of plastic pollution in
tidal and nontidal waters of Chesapeake Bay and its watershed?

o What is the spatial distribution of plastic pollution in the Chesapeake Bay watershed?

¢ What are the exposure pathways (i.e., wastewater, stormwater, aerial deposition) of plastics for
the bay and its watershed?

o What are the sources (i.e., plastic products and usage) of plastics found in the bay and
watershed?

o What is the range of concentrations for plastic pollution within the food web, focusing on species
identified in the Chesapeake Bay 2014 Watershed Agreement Goals and Outcomes (e.g., blue
crabs, oysters, brook trout, black duck) as well as other species of commercial and/or recreational
importance (e.g., striped bass)?

o Are there discernible impacts evident from plastic pollution in the Chesapeake Bay watershed on
water quality, living resources, and human wellbeing?

e Are the concentrations and loads of plastic pollution responding to management actions?

Monitoring priorities depend on a combination of importance, feasibility, and sequencing. In some cases,
the most important microplastic questions cannot be answered in the near term, given the time and
resources required. In addition, the answers to some questions require that other questions be answered
first. A consensus of priorities within the PPAT was determined by querying members during a November
2023 Mentimeter polling exercise. Overall, the PPAT priorities were: (1) the sources of microplastics; (2)
the pathways from sources to endpoints; (3) the status of microplastics in the environment. Near term (in
the next five years) priorities were both sources and status, followed by pathways. More than half of the
PPAT would prioritize species consumed by humans. Important management questions highlighted by
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the PPAT included identifying hotspots, living resources at risk, public health impacts, degradation and
accumulation pathways, specific source types, and policies that can effectively reduce plastic pollution.
While the controllable sources of microplastics and their pathways through the ecosystem leading to
concentrations in and risks to living resources were identified has highest priorities, it is not possible to
comprehensively answer these questions in the near term. Therefore, the near-term priorities are to
leverage existing programs over the Bay and watershed, while conducting pilot study monitoring on
sources and pathways.

3. Existing Water Quality Monitoring Programs

The most promising approach to monitoring microplastics in the Chesapeake Bay watershed is
integrating new microplastics sampling into existing water quality monitoring programs. While there are
many programs that might integrate microplastics monitoring, we only provide examples of the most
common programs and their applicability. The programs discussed below and included in our
recommendations should be contacted by PPAT to confirm interest and feasibility. We believe there is a
role for each of the types of organizations listed below, as well as academia and participatory science.

e Chesapeake-wide monitoring

¢ State-wide and regional monitoring

e Local government monitoring

¢ Non-Governmental Organization (NGO) monitoring

3.1 Chesapeake-wide Monitoring

The Chesapeake Bay Program (CBP) has maintained and supported a research quality monitoring
program for Chesapeake Bay tidal waters (the tidal network) since the1980s with standardized sampling,
analytical, and data management procedures. In 1988, standardized River Input Monitoring (RIM) was
initiated to measure the nutrient and sediment loadings from each of the watershed’s nine largest rivers.
Chesapeake Bay water-quality monitoring was later expanded upstream into rivers and streams across
the Bay watershed, with a wide range of participating organizations using comparable protocols (Figure
1). In 2004, the watershed nontidal monitoring program (the nontidal network) was initiated under a
Memorandum of Understanding signed by Bay partners. The shallow water monitoring and benthic
monitoring programs also provide valuable information throughout the Chesapeake Bay. These
monitoring programs provide an uninterrupted record of high-quality data that is used to calculate status
and trends of water quality constituents over time. This existing network of monitoring programs is ready-
made for adding microplastics sampling.

The tidal monitoring network is shown in Figure 2. The nontidal monitoring network consists of 126
stations throughout the Chesapeake Bay watershed (Figure 3) and includes the nine RIM stations (Figure
4). Stations are located near U.S. Geological Survey (USGS) stream-flow gages to permit estimates of
nutrient and sediment loadings and trends in loadings delivered downstream. Routine samples are
collected monthly, and eight additional storm-event samples are collected per year to obtain 20 samples
per year, representing a range of discharge and loading conditions.

The nine RIM stations in the Chesapeake Bay watershed measure concentrations to calculate loads of
total nitrogen, nitrate, orthophosphate, total phosphorus, and suspended sediment. Stations are on the
three largest tributaries to Chesapeake Bay—the Susquehanna, Potomac, and James Rivers; the
Choptank River on the eastern shore and the Patuxent River on the western shore of Maryland; and the
Rappahannock, Mattaponi, Pamunkey, and Appomattox Rivers in Virginia. Collectively, the drainage
basins upstream from the RIM sites account for about 78 percent of the land area of the bay watershed. A
large portion of the point- and nonpoint-source loads from the Washington, DC, Baltimore, Maryland, and
Richmond, Virginia, metropolitan areas, however, originates in the 22 percent of the watershed from
which runoff and effluents do not flow past the RIM sites on their way to the bay. Consequently, practices

T | TETRA TECH 11




that are implemented in this area to reduce loadings from these major metropolitan areas, as well as from
a number of smaller communities and areas of other land-use types located near the bay, are not
reflected in the RIM results. Additional information about the loadings from the parts of watershed that are
not monitored by the RIM sites also must be considered in any analysis of the causes of water-quality
(including microplastics) trends in the Bay.

Sample Laboratory Data
Program Project Collection Analyses Reporting
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Figure 1. Chesapeake Bay Water Quality (WQ) Monitoring Program participants (Chesapeake Bay Program 2017).
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Figure 2. Chesapeake Bay tidal water quality monitoring stations in Maryland, Washington, DC, and Virginia.
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Figure 3. Chesapeake Bay Program's Nontidal Water Quality Monitoring Network.
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Figure 4. Location of nine River Input Monitoring (RIM) stations used for status and trends loadings to the Chesapeake Bay.

For more information, please visit the following websites:

e https://www.chesapeakebay.net/what/programs/monitoring

e hitps://www.usgs.gov/centers/chesapeake-bay-activities/science/chesapeake-bay-water-quality-
loads-and-trends

e hitps://d18lev1ok5leia.cloudfront.net/chesapeakebay/documents/map of mainstem and _tributar
y_monitoring stations.pdf

Tt | TETRA TECH 15



https://www.chesapeakebay.net/what/programs/monitoring
https://www.usgs.gov/centers/chesapeake-bay-activities/science/chesapeake-bay-water-quality-loads-and-trends
https://www.usgs.gov/centers/chesapeake-bay-activities/science/chesapeake-bay-water-quality-loads-and-trends
https://d18lev1ok5leia.cloudfront.net/chesapeakebay/documents/map_of_mainstem_and_tributary_monitoring_stations.pdf
https://d18lev1ok5leia.cloudfront.net/chesapeakebay/documents/map_of_mainstem_and_tributary_monitoring_stations.pdf

LONG-TERM BENTHIC (LTB) MONITORING

Since 1984, the Chesapeake Bay Long-Term Benthic Monitoring Program (LTB) has measured water
quality, sediment quality, and the abundance and richness of benthic invertebrates. Since 1994, the LTB
has consisted of two elements: (1) a fixed-site monitoring sampling effort directed at identifying trends in
benthic condition (typically 27 fixed sites) and (2) a probability-based sampling effort (typically 66 sites)
intended to estimate the area of the Maryland Chesapeake Bay with benthic communities meeting or
failing to meet the Chesapeake Bay Program’s Benthic Community Restoration Goals (Figure 5).
Comparable monitoring occurs in the Virginia portion of the bay as Living Resources Monitoring under the
Virginia Chesapeake Bay Program’s ongoing water quality monitoring program. The Living Resources
Monitoring includes both benthic and phytoplankton monitoring with 21 fixed-point stations sampled for
benthos one time per year (September) and 100 probabilistic sites sampled once per year over the
course of the summer.
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Figure 5. Chesapeake Partnership Long-Term Benthic (LTB) Monitoring Program 250 fixed and ~200 probability-based sampling
sites.

For more information, please visit the following websites:

e https://www.baybenthos.versar.com/
e https://sci.odu.edu/chesapeakebay/project5/index.php
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ZOOPLANKTON MONITORING (DISCONTINUED)

Both Maryland and Virginia, in cooperation with CBP, monitored mesozooplankton species abundance,
species composition, biomass and biovolume in the Chesapeake Bay mainstem and tributaries from 1984
through 2002 (Figure 6). Although the methods differed between the states, the program was designed to
give comprehensive geographic and seasonal information on mesozooplankton (i.e., zooplankton). The
program also provided counts and biovolumes of Cnidaria (jellyfish) and Ctenophora (comb jellies) when
they were present in the plankton. Maryland sampling was performed in conjunction with their C14
primary production, fluorometry, phytoplankton, microzooplankton, jellyfish and water quality monitoring
programs.
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Figure 6. Historical mesozooplankton monitoring stations (1984-2002) (Chesapeake Bay Program 2012).
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For more information, please visit the following websites:

e https://www.chesapeake.org/downloads/method final.pdf
e file://C:\Documents and Settings\jjohnson\Local Settings\Temp\m (d18lev1ok5leia.cloudfront.net)

CHESAPEAKE BAY MULTISPECIES MONITORING AND ASSESSMENT PROGRAM (CHESMMAP)

The Virginia Institute of Marine Science (VIMS) developed the Chesapeake Bay Multispecies Monitoring
and Assessment Program (ChesMMAP) in 2002 to assist in filling data gaps, and ultimately to support
Bay-specific, stock-assessment modeling activities at both single and multispecies scales. ChesMMAP
was designed to maximize the biological and ecological information collected for several recreationally,
commercially, and ecologically important species in Chesapeake Bay. The survey uses a large-mesh
bottom trawl to sample juvenile-to-adult fishes from the head of Chesapeake Bay at Poole's Island, MD to
the mouth of the Bay just outside the Chesapeake Bay Bridge Tunnel.

3.2  Regional and State-wide Monitoring

There are many regional and state-wide monitoring programs in the Chesapeake Bay watershed that
could add sampling for microplastics with minor investments of time and resources. Since collecting
samples of water and/or sediment do not require separate visits or field assessments, they can be easily
added to existing sampling efforts. While no states are currently sampling for microplastics as part of or
separate from their state-wide monitoring programs, Pennsylvania has developed a microplastics pilot
study planned for 2025 as described below. We also provide a list of state-wide monitoring activities in
West Virginia, plus several examples of monitoring programs in Maryland, Virginia, and District of
Columbia.

PENNSYLVANIA MICROPLASTICS PILOT STUDY

The Pennsylvania Department of Environmental Protection (DEP) “Microplastics Pilot Data Collection
Study for Protocol Development, Research, in Surface Waters” aims to refine sampling protocols for
microplastics in lotic surface waters through a case study-type sampling plan (Figure 7). This study will
sample:

e one station at a discharge believed to be a significant source of microplastics

e two watersheds consisting of mixed land cover/land use, one being a sub-basin of the other (to
examine upstream vs. downstream microplastic contributions)

o three watersheds with different land cover types, including predominantly forested, predominantly
urban, and predominantly agricultural.

The sample plan design intends to provide supporting evidence that this microplastics sampling protocol
can be used to successfully collect microplastics for quantification and identification, provide supporting
evidence that potential sources of microplastics can be identified, and will provide a better understanding
of the microplastics contributions in basins with different types of predominant land cover/land use. All
stations will be in wadeable streams, except for the site suspected of being a contributing source of
microplastics, which is a semi-wadeable river.
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https://d18lev1ok5leia.cloudfront.net/chesapeakebay/documents/mdmz_2012.pdf
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Figure 7. Sample sites for Pennsylvania microplastics pilot study (planned for 2025).
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EXAMPLE LIST OF STATE-WIDE MONITORING PROGRAMS IN WEST VIRGINIA

As part of West Virginia’s strategy to monitor and assess the surface waters of the state, the Watershed
Assessment Branch conducts a range of monitoring activities as shown in Table 1.

Table 1. West Virginia Surface Water Monitoring Activities from 2016-2020 (and describing continuing monitoring) (West

Monitoring
Ambient

Probabilistic

Pre-TMDL

Targeted

Lakes

Continuous

Long Term

Wetlands

Harmful Algal
Bloom

Filamentous
Algae

Fish Tissue

Virginia DEP 2022).

Effort
26 Ambient Sites are currently and will continue to be monitored monthly in the Monongahela
River Basin Sites or bi-monthly for all other ambient sites. Ambient monitoring resulted in 881
samples being collected between 2016-2020.
Probabilistic monitoring is conducted at random locations for statistical comparisons. A fourth
round of probabilistic monitoring was completed in 2018. A fifth round was started in 2019.
Probabilistic monitoring resulted in 299 samples being collected from 278 streams within 32 major
watersheds from 2016-2020.
Pre-TMDL development monitoring was completed in the Upper Guyandotte River Watershed in
2016; for select streams in the Lower Ohio, Big Sandy, and Twelvepole Creek watersheds in 2017;
in the Lower Guyandotte River Watershed in 2018; in the Tug Fork River Watershed in 2019
(additional monitoring for the Tug Fork River mainstem continued into 2020), in the Little
Kanawha River Watershed in 2020.
Targeted Sampling was completed at 388 sites on 309 streams in 25 watersheds representing all
five Hydrologic Groups (A-E) from 2016 through 2020.
Seven lakes from Group A, 7 lakes from Group B, 9 lakes from Group C, and 7 lakes from Group D
were sampled at one or more monitoring locations four times during the May — October
assessment seasons in 2016, 2017, 2018, and 2019, respectively. A full round of lake monitoring
was not conducted in 2020 due to COVID travel restrictions.
Continuous water quality meters were deployed at 133 locations on 106 streams during the 2016-
2020 term. Parameters measured include pH, temperature, conductivity, dissolved oxygen, and
turbidity.
Long Term Monitoring Sites (LTMS) — 318 sites were sampled during the 2016-2020 sampling
seasons representing all five Hydrologic Groups.
WVDEP has completed 107 probabilistic West Virginia Wetland Rapid Assessment Method
(WVWRAM) assessments during the first two years of its first 5-year-round of stratified
probabilistic wetland monitoring.
Harmful Algal Bloom (HAB) monitoring occurs in response to a potential HAB sighting reported to
the WVDEP. In addition, in the summer of 2019, the WVDEP Watershed Assessment Branch
implemented a Harmful Algal Bloom Long-Term Trend Sampling program. In total, 15 sites were
selected with an approximate statewide distribution, focusing on larger waterbodies including
rivers, large streams, and lakes.
WVDEP monitors numerous rivers in the state for filamentous algae blooms, including the
Greenbrier River, Tygart River, South Branch Potomac River and the Cacapon Rivers. Monitoring
generally occurs in late summer - to early fall when flows lower and temperatures begin to rise in
the rivers.
Monitoring from 2016-2020 resulted in the analysis of 407 samples for PCBs and mercury, and 174
for selenium. These samples were collected from 27 HUC-8 watersheds representing 55 different
waterbodies, including 11 lakes.

For more information on water quality monitoring in West Virgina, please visit this website.
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EXAMPLE STATE-WIDE MONITORING PROGRAMS FROM MARYLAND, VIRGINIA, AND DISTRICT OF
COLUMBIA

In addition, as examples, Maryland, Virginia, and the District of Columbia have the following state-wide
monitoring programs where microplastics sampling could be added:

¢ Maryland Biological Stream Survey (MBSS)

e Maryland CORE/Trend Water Quality Monitoring Project

e Maryland Eyes on the Bay - Water Quality Status and Trends

e Maryland Eyes on the Bay - Tributary Water Quality & Habitat Assessments
¢ Virginia Estuarine and Coastal Observing System — Water Quality

e Virginia Probabilistic Monitoring

e Virginia Water Quality Trends

o Wastewater Discharge Permit monitoring

e Potomac Basin Drinking Water Source Protection Partnership (DWSPP)

e Fish Monitoring in Maryland, Virginia, and District of Columbia (DC)

Each of these monitoring programs sample different media, in different places, and at different times to
meet specific program goals. The MBSS includes annual probabilistic sampling that provides area-wide
estimates of stream conditions with known precision. The Core/Trends program collects annual samples
at the same location each year, thus providing trends information over decades. The MBSS also samples
targeted stream sites associated with restoration activities, while discharge permits at wastewater
treatment plants require regular water quality sampling, programs that can be used to identify
microplastics sources and evaluate remediation efforts. The Maryland, Virginia, and DC fisheries
monitoring provides the opportunity to sample fish stomachs for accumulated microplastics.

MARYLAND BIOLOGICAL STREAM SURVEY (MBSS)

Since completing its 1993 pilot and 1994 demonstration, Maryland Department of Natural Resources (MD
DNR) has conducted nearly annual sampling of 200+ stream sites across the state (Figure 8). The
majority of sites are selected using a stratified random design to cost-effectively characterize Maryland's
10,000+ miles of freshwater streams at different scales. The intensity and duration of sample rounds
varies, providing watershed condition estimates ranging from statewide to ecoregions, river basins,
watersheds, and counties (post-stratified). Targeted sampling includes about 25 high-quality sentinel sites
which are sampled annually to quantify variation in natural conditions year-to-year and selected
restoration sites. Together, the many MBSS sites statewide provide the opportunity to post-stratify by land
use and other factors to answer specific assessment questions.

Sampling occurs twice a year—in Spring (March 1 to April 30) for benthic macroinvertebrates, water
chemistry for laboratory analysis, select physical habitat, and vernal pools, and in Summer (June 1 to
September 30) for fish, reptiles and amphibians, stream salamanders, mussels, crayfish, invasive plants,
select physical habitat, and geomorphology sampling.
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Figure 8. Maryland Biological Stream Survey (MBSS) sites on Stream Health Index Map (Maryland DNR 2024a).

For more information, please visit the Maryland DNR MBSS website.
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https://dnr.maryland.gov/streams/Pages/mbss.aspx#:%7E:text=The%20MBSS%20was%20Maryland%27s%20first%20probability-based%20or%20random,and%20medium-sized%208-digit%20watersheds%20to%20the%20entire%20state.

MARYLAND CORE/TREND WATER QUALITY MONITORING PROJECT

The CORE/Trend Water Quality Monitoring Project collects water quality monitoring data from long-term
fixed locations across Maryland (Figure 9). The data are collected from fifty-four stations for a time period
beginning January 1986 and extending to the present. Fifty-three of the stations are in non-tidal waters.
One station is in tidal waters.

CORE\Trend is part of a cooperative effort between Maryland DNR and the Federal, State, and local
governments in the Chesapeake Bay watershed to assess the status and trends of nutrient
concentrations in Maryland's waters. The information is integrated with data from other Chesapeake Bay
water quality stations and living resources monitoring projects and used to understand linkages, temporal
variation, and long-term trends. Note that the MBSS regularly collects biological data at CORE/Trend
sites.
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Figure 9. Example trends in concentrations from CORE/Trend Water Quality Monitoring Project sites (Maryland DNR 2024b).

For more information, please visit the Maryland DNR CORE/Trend website.

MARYLAND EYES ON THE BAY - WATER QUALITY STATUS AND TRENDS

Maryland status and trends information for the Chesapeake Bay is determined from data collected as part
of the DNR’s Chesapeake Bay Water and Habitat Quality Monitoring Program. Water quality samples are
collected once or twice a month (depending on season) from 73 tidal stations and 51 non-tidal stations in

the Maryland tributaries (Figure 10). Status is a measure of current condition (most recent three years) at
a station compared to scientifically based threshold values.
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Figure 10. Eyes on the Bay Water Quality Status and Trends sites in Maryland (Status: measure of current condition (2020-2022)
at a station based on scientifically established threshold values determined for tidal water quality based on the salinity zone;
non-tidal water quality is not assessed for current condition. Based on this comparison, the station is given a ranking of "good,"
"fair," or "poor." Trend: measure of how the system has been changing over time, either improving or degrading. Trends are
flow-adjusted and represent data from 1999 to 2022.) (Maryland DNR 2024c).

For more information, please visit the Eyes on the Bay Water Quality Status and Trends website.

MARYLAND EYES ON THE BAY - TRIBUTARY WATER QUALITY & HABITAT ASSESSMENTS

Chesapeake Bay Tributary water quality is measured as the level of nutrients and sediments in the water.
Habitat quality is determined by how nutrients and sediments impact water clarity, algal populations, and
bottom dissolved oxygen levels. The tidal long-term monitoring program samples at a fixed point that is
generally in the center channel and deeper waters of a river. Sampling is usually done once or twice a
month. The shallow water monitoring program is designed to measure conditions in the areas closest to
land that are critical habitat areas, especially in the areas with underwater grass beds. Sampling in a river
is done for a 3-year period to determine short-term changes in water quality that occur due to weather,
such as between a year with very high rainfall and a year with low rainfall. Some shallow water stations
have been monitored for longer periods.

The first part of the shallow water monitoring program uses instruments that stay in the water for
extended periods (usually April-October) and collect information every 15 minutes; this is called the
continuous monitoring program. Instead of the one or two samples a month typical of the long-term
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monitoring program, the continuous monitoring program can collect more than 2,800 samples a month.

Nutrient samples are collected twice a month instead of continuously. The map below shows the shallow

water sites for the Patapsco and Back Rivers Water Quality and Habitat Assessment as an example of

sites monitored in this program (Figure 11).
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Figure 11. Example of Eyes on the Bay Tributary Water Quality & Habitat Assessments continuous monitoring sites in the
Patapsco River (Maryland DNR 2024d).

For more information, please visit the Eyes on the Bay Tributary Quality & Habitat Assessments website

VIRGINIA ESTUARINE AND COASTAL OBSERVING SYSTEM - WATER QUALITY

The Virginia Estuarine and Coastal Observing System (VECQOS) distributes the results of water quality
and meteorological data monitoring efforts from the Chesapeake Bay and associated tributaries within

Virginia. These data are provided from a variety of monitoring programs conducted by the Chesapeake

Bay National Estuarine Research Reserve - Virginia, including high resolution mapping of surface water
quality (DATAFLOW), high-frequency measurements of water quality taken every 15 minutes from fixed,
shallow water monitoring stations (CONMON), continuous measurements taken from deeper waters

along multiple depths (Profiler). VECOS also provides links to external monitoring programs, including

high-frequency water quality and meteorological monitoring at deep water locations in the Chesapeake

Bay as part of the Chesapeake Bay Interpretive Buoy System (CBIBS), meteorological monitoring
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locations specific to the York River watershed, and long-term routine water quality sampling, typically
taken 12-20 times per year since 1985 through the Chesapeake Bay Program (Longterm). The map
below shows the VECOS water quality and weather sites through the Chesapeake Bay and tributaries

(Figure 12).
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Figure 12. VECOS water quality and weather monitoring sites through the Chesapeake Bay and tributaries (VECOS 2024).

For more information, please visit Virginia Estuarine and Coastal Observing System website.

VIRGINIA PROBABILISTIC MONITORING

Virginia’s freshwater and estuarine ProbMon programs provide an important complement to the fixed
station network. ProbMon data from randomly selected stations provide an unbiased regional or statewide
characterization of water resources with a known degree of statistical confidence. The freshwater
ProbMon design includes smaller-order streams in addition to large-order waters and is one of the few
programs that gathers data from smaller streams. Since 2001, Virginia has evaluated nearly 1000
freshwater and 800 estuarine probabilistic sites. Figure 11C shows the Virginia probabilistic monitoring
wadeable locations form 2001-20018 (n=813).
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Figure 13. Virginia probabilistic monitoring wadeable locations form 2001-20018 (n=813) (Virginia DEQ 2024a).

For more information, please visit Virginia Probabilistic Monitoring website

VIRGINIA WATER QUALITY TRENDS

The Virginia Department of Environmental Quality (VADEQ) operates a network of 413 permanent trend
stations where monthly or bimonthly data are collected for a variety of key water quality parameters.
These fixed stations are located in areas of special interest including those near the mouths of our major
rivers, along the fall line, near flow gaging stations, at designated non-tidal stations monitored to evaluate
how rivers affect the Chesapeake Bay. These stations have rich histories of monitoring with some dating
back to the late 1960’s pre-dating the Federal Clean Water Act of 1972. Water quality trends are central
to the determination that the efforts of reducing and controlling pollution entering our waters are effective.
Water quality trend monitoring may also act as a sentinel to identify new potential risks. The VADEQ
Statewide Water Quality Monitoring Strategy provides a standardized method for site selection,
frequency, and methodology of sample collection. This standardization across the trend network provides
data that can be statistically analyzed for the detection of water quality trends.

For more information, please see the Virginia Water Quality Trends 2024 Integrated Report Dataset Fact
Sheet.

WASTEWATER DISCHARGE PERMIT MONITORING

Jurisdictions throughout the Chesapeake Bay watershed require wastewater discharge monitoring under
National Pollutant Discharge Elimination System (NPDES) permits. As an example, the Maryland
Department of the Environment (MDE)'s Wastewater Pollution Prevention and Reclamation Program
(WWPPRP) issues permits to protect Maryland’s water resources by controlling industrial and municipal
wastewater discharges.). Municipal, industrial, commercial, or institutional facilities that discharge
wastewater to surface waters of Maryland typically need one of these permits. Regular monitoring of
selected water quality parameters in these discharges is required under permit and is reported
electronically.

T | TETRA TECH 29
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POTOMAC BASIN DRINKING WATER SOURCE PROTECTION PARTNERSHIP (DWSPP)

Over the past few years, the Potomac Basin Drinking Water Source Protection Partnership (DWSPP), a
coalition of water utilities and government agencies focused on protecting the Potomac River as a
drinking water source, has become interested in microplastics. In October 2023, an Interstate
Commission on the Potomac River Basin (ICPRB) team coordinating DWSPP collaborated with Loudoun
Water to sample the Potomac River, Broad Run, and Goose Creek for microplastics. Those samples are
now at Rutgers University awaiting analysis in the Fahrenfeld laboratory.

On March 1, 2024, Potomac DWSPP utilities began a year-long PFAS monitoring program. As part of the
Water Research Foundation (WRF) Tailored Collaboration, they will be collecting monthly samples from
at least 10 sites along the Potomac River mainstem, all upstream of Little Falls. Johns Hopkins University
will conduct targeted PFAS analysis, and George Mason University will analyze for total oxidizable
precursors (TOPs). They will also be looking at in-situ physicochemical properties such as conductivity,
turbidity, and temperature, as well as discharge at USGS stream gages. The research team believes it is
possible to add microplastics to the PFAS study with a modest amount of additional funding.

FISH MONITORING IN MARYLAND, VIRGINIA, AND DISTRICT OF COLUMBIA (DC)

Following the CBP Sustainable Fisheries and Vital Habitat Goal Implementation Teams workshop in 2018
to identify factors influencing habitat function throughout the Chesapeake Bay Watershed, USGS
continued to inventory datasets from nontidal waters, while Tetra Tech conducted an inventory of relevant
biological fish habitat data from tidal waters. The Tetra Tech (2020) report described more than 100
datasets of biological and related data from tidal waters of the Chesapeake Bay, including information on
spatial coverage, data type, and temporal duration. These datasets came from 30 different agencies with
21 in Maryland, 6 in Virginia, 1 in Delaware, and 9 in DC. Some were single species surveys, but
community surveys were more common with 72 on finfish, 13 on oysters, and 7 on blue crabs. In all,
these monitoring programs covered 76 of the 78 Bay segments (Figure 14).
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Figure 14. Number of fisheries sampling locations within 76 of 78 named Bay segments (Tetra Tech 2020).

MARYLAND DEPARTMENT OF THE ENVIRONMENT (MDE) FISH CONSUMPTION ADVISORY MONITORING.

MDE has monitored chemical contaminant levels in Maryland’s fish since the early 1970s and routinely
monitors across the state on a 5-year cycle. When routine monitoring indicates potential hazards to the
public and environment, additional monitoring of the affected area may be conducted to verify the initial
findings and identify the appropriate species and size classes associated with harmful contaminant levels.
Findings from such studies are the basis for the fish consumption guidelines. The types of fish sampled
include important predatory game species (such as small mouth bass and striped bass), common
recreational panfish species (white perch, bluegill, crappie) as well as, bottom dwelling, accumulator
species with relatively high fat content (such as carp, catfish and American eel). Also, periodically MDE
conducts intensive surveys of contaminant levels in selected species in specific water bodies. Past
targets of intensive surveys conducted in Patapsco River/Baltimore Harbor included white perch, channel
catfish, eel, and striped bass.

For more information, please visit the MDE Fish Consumption Advisory website.

VIRGINIA FISH TISSUE MONITORING.

The Virginia Department of Environmental Quality (DEQ)-Office of Water Quality Standards Fish Tissue
and Sediment Monitoring Program conducts routine studies of fish tissue and sediment samples in state
waters. Tier | sample stations are selected on a rotational river basin approach among the fourteen river
basins or subbasins in Virginia. Approximately 24-35 stations are usually selected among two river basins
per year to provide adequate basin coverage. Several criteria are used to select the sample stations and
include correspondence with the DEQ-Waste division to identify contaminated waste sites that may
impact tissue and sediments in aquatic environments, regional office recommendations, extensive
literature searches important recreational and/or commercial fisheries, close proximity to point source
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discharges, and spatial distribution between sample stations. A top-level predator (e.g. largemouth bass),
a mid-level predator (e.g. bluegill) and a bottom feeder (e.g. catfish species) are usually targeted at Tier |
sample stations.

For more information, please visit the Virginia DEQ Fish Tissue Monitoring website.

FISHERIES MONITORING IN DISTRICT OF COLUMBIA.

The D.C. Fisheries Management Branch conducts annual surveys and studies of migratory and resident
fish in the District waterways (Figure 12). This data is used to estimate populations and determine age
and growth trends of the District's fish species. The information gathered helps managers make informed
resource decisions to assess water quality conditions and the state of aquatic habitats. Current areas of
research include:

¢ Anadromous Fish

e Resident Fish

¢ Ichthyoplankton

e Age and Growth Studies

e Habitat Monitoring & Evaluation
¢ Angler Surveys Wildlife

¢ Wildlife Management Branch
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Fisheries Research Branch Sampling Sites
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Figure 15. Fisheries Monitoring in the District of Columbia.

For more information, please visit the DC DOEE Fisheries Management website.
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3.3 Local Government Monitoring

Numerous local governments throughout the Chesapeake Bay watershed conduct monitoring on finer
geographic scales than the states. In some ways, the watershed monitoring being conducted by these
governments are an intensification of state or regional programs. Whether such local programs are
present and how extensive they are varies greatly. Some local governments also conduct targeted
monitoring of streams affected by different land uses, stream restoration, and other best management
practices (BMPs). In addition, some jurisdictions or watersheds have trash Total Maximum Daily Loads
(TMDLs) that require monitoring, while others conduct regular beach monitoring for bacteria. As an
example, the following agencies (city, county, state, regional, federal, and university) have provided data
to the ICPRB for the development of the Chesapeake Bay Benthic Index of Biotic Integrity (Chessie BIBI)

and associated analyses.

Table 2. Local government (as well as, state, federal, and university) monitoring programs used by ICPRB for the development of

the Chessie BIBI and associated analyses.

AGENCY NAME (PROGRAM) CoDE TyPe

Anne Arundel County Maryland Department of Public Works AACO/DPW/WERS County
City of Baltimore Department of Public Works BAL/DPW/SMP City
Baltimore County Department of Environmental Protection BCO/DEP/BCWMP County
District of Columbia Department of Energy and Environment DCDDOE/SMP State**
Delaware Department of Natural Resources and Environmental Control | DEDNREC/DWR/BMP | State
Frederick County Department of Public Works FCO/OCE/OSER County
Fairfax County Department of Public Works and Environmental Services | FXCO/DPWES/WPAB County
Howard County Department of Public Works HCO/DPW/BEW/SMD | County
Loudoun County Department of Building and Development LCO/DBD/LCSAP County
Maryland Department of Natural Resources (MBSS) MDDNR/MBSS State
Maryland Department of Natural Resources (MDCT) MDDNR/MDCT State
Montgomery County Department of Environmental Protection MOCO/SPS/MCSMP County
New York State Department of Environmental Conservation NYSDEC/SBM State
Pennsylvania Department of Environmental Protection PADEP State
Prince George's County Department of the Environment PGCO/DES/WQCT County
Susquehanna River Basin Commission SRBC State*
United States Environmental Protection Agency (NRSA) USEPA/NRSA Federal
United States Environmental Protection Agency (WSA) USEPA/WSA Federal
USDA Forest Service USFS/SA Federal
United States Geological Survey (former NAWQA) (current NWQN USGS/former NAWQA Federal
provides similar data) (current NWQN)
Virginia Department of Environmental Quality VADEQ State
Virginia Department of Environmental Quality (SA) VADEQ/SA State
Virginia Commonwealth University (INSTAR) VCU/INSTAR State*
Virginia Commonwealth University (LHL) VCU/LHL State*
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West Virginia Department of Environmental Protection WVDEP/SAP ‘ State

MUNICIPAL SEPARATE STORM SEWER SYSTEMS (MS4S) PERMIT MONITORING

The NPDES Municipal Separate Storm Sewer Systems (MS4) permit requires permittees to develop and
implement a comprehensive Storm Water Management Program (SWMP) that includes monitoring (as
well as pollution prevention measures, treatment or removal techniques, and use of legal authority) of
stormwater discharged to waters of the United States.

As one example, Fairfax County, Virginia has a probabilistic program (40 sites annually) that is stratified
by physiographic province and drainage area, of which about half are 1% order with have very small
drainages (less than 300 acres) while the rest range up to 5" order streams. This provides a fairly
representative sample of the County each year. In addition, the County works with USGS to select a
range of land uses/amount of urbanization to facilitate distinguishing the effect of water quality BMPs on
3rd order perennial streams. About 20 high-quality reference sites with typically less than 2% impervious
area are available for comparative analyses.

Grab samples are collected for bacteria and nutrients at the 40 random sites in May and July, while fish
monitoring at 30+ sites is conducted June through August at both random and trend sites. The 21 trend
sites represent various levels of development and are sampled almost monthly by the County and USGS.

In Maryland, MDE requires that Phase | MS4 permittees in Maryland (23 counties, City of Baltimore, and
State Highway Administration) monitor for two components: BMP Effectiveness Monitoring and County
Watershed Assessment Monitoring.

BMP effectiveness monitoring is intensive monitoring on a small watershed scale where restoration efforts
are being implemented to inform adaptive management. It requires chemical, biological, and physical
monitoring be used to assess a small watershed according to the MDE 2021 MS4 Monitoring Guidelines.
Chemical monitoring involves up to twelve storm events monitored per year in the selected watershed,
with continuous flow measurement to estimate annual and seasonal pollutant loads and reductions.
Biological, stream habitat, and geomorphic assessments are also conducted in the watershed.

County watershed assessment monitoring may use one of two available strategies for county-wide
watershed assessment and trend monitoring. The county may undertake its own comprehensive
monitoring of biota, habitat assessment, bacteria, and conductivity or, alternatively, contribute to the
statewide pooling monitoring initiative.

As an example, Prince George’s County, Maryland conducts biological sampling at 85-90 sites per year,
for a total of 257 primary sites per 3-year-round. This biological sampling occurs across the full range of
land uses and is accompanied by complementary sampling, such as trash rating, which can be used to
analyze co-occurrence of pollutants, other stressors, and ecological endpoints. Importantly, the County
expanded on the typical single trash rating by taking four photos at each stream location covering a 360-
degree view (upstream, downstream, left and right banks) as well as additional photos of major stream
features (outfalls, large debris, pollutants, etc.). Photos are scored based on the estimated abundance of
solid trash, summed for the four, with totals ranging from no visible solid trash (trash rating = 0) to
abundant/heavy solid trash (trash rating = 12). Figure 13 depicts the trash ratings obtained for sites
(n=261) across Prince George's County during Round 4 (2019-2021) biomonitoring.
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Figure 16. Expanded trash ratings obtained for sites (n=261) across Prince George's County, Maryland during Round 4 (2019-
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TRASH TMDL MONITORING

Even prior to the rising interest in microplastics, the significant negative impact of larger plastic debris
(i.e., trash) on water quality was an important concern. This led to trash TMDLs being developed in
various jurisdictions throughout the Chesapeake Bay watershed.

The Metropolitan Washington Council of Governments (COG) has been performing MS4-permit required
trash monitoring in the Anacostia watershed for all three watershed jurisdictions (Washington DC,
Montgomery County MD, and Prince George’s County MD) since 2016. Monitoring occurs at 37 sites
throughout the Anacostia watershed (15 in MC, 16 in PG, 6 in DC) on a bi-annual basis. Visual surveys,
where surveyors walk a 500-foot length of the stream, noting the type and quantity of visual litter items,
occur at all 37 sites. “Pick” surveys, where surveyors pick up, sort, count, and weigh all trash items in the
250-foot upstream section of the visual survey site, occur at 16 of the sites. The 31 categories of trash
items correlate to those specified in the trash TMDL.

BEACH MONITORING FOR BACTERIA

States, local governments, and NGOs also conduct regular beach monitoring for bacteria to assess
swimming risk and post water quality advisories. The Maryland Department of the Environment works
with local health departments to enhance beach water quality monitoring and maintain the public
notification process for beach water quality in Maryland, including more than 140 tidal beaches (Figure
17).
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Figure 17. Beach monitoring sites in Maryland (Maryland Department of the Environment 2024b.)
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Virginia Department of Health monitors bacteria levels in beach water at 48 public beaches in Virginia on
the Chesapeake Bay and Atlantic Ocean during the swimming season (May-September) as shown in
Figure 18. Water samples are collected weekly by Local Health Departments and analyzed by local
laboratories for enterococci bacteria.
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Figure 18. Locations of 34 of 48 beach monitoring by Virginia Department of Health with open beach status (blue flags) on July

5, 2024. (Virginia Department of Health 2024).

As one local government example, St. Mary’s County Health Department (SMCHD) monitors the water
quality of the following public beaches in St. Mary’s County from Memorial Day to Labor Day:

e Breton Bay Civic Association Main Beach — Leonardtown, MD

e Camp MD - Piney Point, MD

e Cedar Cove Community Beach — Lexington Park, MD

e Elms Beach Park — Dameron, MD

e Golden Beach & Patuxent Knolls Subdivisions — Boat Ramp (Long Point) — Charlotte Hall, MD
e Golden Beach & Patuxent Knolls Subdivisions — Community Beach — Charlotte Hall, MD
o Greenwell State Park — Pavilion Beach — Hollywood, MD

e Greenwell State Park — River Trail Beach — Hollywood, MD

e Mpyrtle Point Park — Picnic Area Beach

e Myrtle Point Park — Wet Sox Trail Beach

e Point Lookout State Park — Hammond rest Area Beach — Scotland, MD

e Sanner’s Lake — (Fresh Water) — Lexington Park, MD

¢ Snow Hill Farm Park — Mechanicsville, MD

e St. Clements Shores Subdivision — Community Beach — Compton, MD

e St. Mary’s College of Maryland — St. Mary’s City, MD

e  Wicomico Shores Waterfront Park — Budd’s Creek, MD

Beach locations are listed as under advisory when elevated levels of indicator bacteria are detected
during sampling.
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For more information, please visit the St. Mary’s County Health Department Beach Monitoring website.

3.4 Non-Governmental Organization (NGO) Monitoring

Non-Governmental Organizations (NGOs) also conduct professional and participatory community science
water quality monitoring at various scales throughout the Chesapeake Bay watershed. As one example,
the Anacostia Riverkeeper manages volunteer bacteria sampling along the river. Originally these efforts
were mostly independent, but the creation of the Chesapeake Monitoring Cooperative (CMC) now
connects and standardizes many NGO monitoring initiatives across the watershed. CMC is described
below, along with one example NGO that has recently started water quality monitoring, the Patapsco
Heritage Greenway (PHG).

CHESAPEAKE MONITORING COOPERATIVE (CMC)

CMC connects community science initiatives across groups and regions within the Chesapeake Bay
watershed. CMC provides technical, programmatic, and outreach support to integrate volunteer-based
water quality and macroinvertebrate monitoring data into a centralized data hub, the Chesapeake Data
Explorer (Figure 19). These data are publicly available and used by the CBP to assess the health of the
Chesapeake Bay and watershed.

The CMC monitoring network supports three types of monitoring programs: Tidal Water Quality
Monitoring, Non-Tidal Water Quality Monitoring, and Benthic Macroinvertebrate Monitoring). Although the
Tier assessments occur at the parameter level, each monitoring program is sub-divided into general
achievable Tier categories. Most water quality monitoring programs fall within Tiers 1 and 2, and often
have a mix of parameters in each tier. Only Tidal Water Quality Monitoring groups are currently eligible for
Tier 3. Tier 1 and Tier 2 non-tidal water quality monitoring groups collect discrete surface samples using
in-situ sensors or probes, monitoring kits, or lab grab samples that utilize methods and QA procedures
equivalent to the CMC approved Non-Tidal Quality Assurance Project Plan (QAPP). The number of CMC
members is continually growing but includes long-standing groups such as lIzaak Walton and Trout
Unlimited, plus new groups such as PHG, in all six Bay watershed states: NY (4 members), PA (20), MD
(20), DE (1), WV (3), and VA (48). With support from EPA, CMC participatory monitoring currently
includes 2,062 water quality sites and 797 benthic sites (Figure 20).
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The CMC Data Network

The Chesapeake Data Explorer is the gateway into data collected by the CMC network of monitors. Click the map to access our Data
Explorer and explore the efforts of our monitoring community!

Figure 19. Chesapeake Monitoring Cooperative (CMC) Data Network locations (Chesapeake Monitoring Cooperative 2024).
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2,062 Water Quality Sites
797 Benthic Sites

Figure 20. Chesapeake Monitoring Cooperative (CMC) water quality and benthic sampling sites (Chesapeake Monitoring
Cooperative 2024).

For more information, please visit the Chesapeake Monitoring Cooperative website.

PATAPSCO HERITAGE GREENWAY (PHG)

PHG is the managing entity of a certified Maryland Heritage Area dedicated to preserving the natural and
cultural value of the Patapsco River and its valley. PHG was founded in 1980 but began collecting water
quality data on the river and its tributaries in April 2021 (Figure 21). Since September 2021, PHG has
monitored 11 sites from Woodbine to Elkridge, twice a month. Parameters include air and water
temperature, dissolved oxygen, pH, conductivity, nitrite, phosphorus, turbidity, and E. coli bacteria counts.
Twice a year biological data are collected on the benthic macroinvertebrate community. Each year, PHG
publishes a report card focused on four parameters: bacteria, conductivity, turbidity, and biology. The
data are publicly available on the CMC Data Explorer website.
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Locations of monitoring sites along the Patapsco.
Figure 21. Patapsco Heritage Greenway (PHG) monitoring sites in the Patapsco River Valley (Patapsco Heritage Greenway 2024).

For more information, please visit the Patapsco Heritage Greenway website.

4. Monitoring Microplastics Concentrations and Trends
Throughout the Chesapeake Bay and Watershed

As with any water resource concern, it is critical to know how important microplastics are—i.e., how
pervasive are they, what effects do they have, and ultimately what risk do they pose to the human and
natural environment. The most promising and likely cost-effective approach to answering this question is
to use the existing Chesapeake Bay Program monitoring network to determine the status and trends in
the concentrations throughout and loads of microplastics to the Bay. This Bay-scale monitoring of how
much microplastic is entering the Bay and how that amount is changing over time should be the priority
for immediate implementation.

41 Bay Estuary Concentrations and Spatial Distribution

Determining microplastics concentrations and their distribution throughout the Chesapeake Bay estuary
itself can follow the monitoring designs established for other programs, such as the Chesapeake Bay
water quality monitoring program, zooplankton monitoring of the water column that was discontinued in
2002, and long-term benthic (LTB) monitoring of sediments. Including both water column and sediment
sampling would provide a more complete picture of microplastics concentrations and support holistic
solutions to reducing plastic pollution.

CHESAPEAKE BAY TIDAL WATER QUALITY MONITORING

Microplastics sampling could be added to the dozens of tidal stations of the Chesapeake Bay water
quality monitoring program shown in Figure 2. Random subsets of sites could be selected for
microplastics that are representative of the bay itself and its tributaries.

ZOOPLANKTON WATER COLUMN MONITORING
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Zooplankton population parameters were seasonally assessed at about 12 sites through a CBP
monitoring program that is no longer active (Figure 6). Nonetheless, restarting zooplankton monitoring
throughout the Bay, and incorporating microplastics, would be fairly easy to implement (provided
adequate funding). Microplastics “inhabit” similar parts of the water column and are often mistaken as
zooplankton prey by predators; current water column sampling methods for plankton can be used to
include microplastics captured within the same samples and analyzed in conjunction with plankton
identification.

LONG-TERM BENTHIC (LTB) SEDIMENT MONITORING

LTB monitoring is designed to give comprehensive spatial and temporal information on benthic conditions
in the Bay and tributaries and includes taking a sample of sediment to be analyzed for the composition of
benthic organisms and sediment characteristics. The sampling design includes both probabilistic and
fixed sites so can be used to estimate (1) areawide microplastic abundance with known confidence and
(2) trends. As a sediment sampling program, adding microplastics to LTB monitoring sites would also
provide spatial information critical for identifying hotspots of microplastics sinks in the Bay.

4.2 Bay Loadings from Tributaries

The most efficient approach to determine microplastics loadings to the Chesapeake Bay would be to add
collection of water samples for microplastics analysis to the nutrient and suspended sediment sampling
currently being done at the nine Bay tributary RIM stations along the physiographic Fall Line (Figure 4).
To capture seasonal variation in microplastics loadings, monthly or quarterly sampling (coincident with
nutrient and suspended sediment sampling) should be conducted. Laboratory analysis, including new
faster and cheaper methods being developed with image analysis and machine learning (Christine
Knauss, personal communication), would focus on calculating the count of microplastics per unit volume
or ideally also the more difficult mass per unit volume (see Appendix B Laboratory Reference Guide). The
samples could be archived for additional analysis of microplastics types or toxicity, and association with
potential sources, when resources are available.

Since these nine RIM stations capture flow from 78% of the watershed, they will provide a robust
measure of what is coming into the Bay from non-tidal sources, and loadings estimation can use methods
developed for existing nutrient and sediment sampling. It will be important to assess results across both
low and high flows to develop the relationship of flow and concentration needed to calculate annual or
seasonal loadings. Ultimately this Bay loading monitoring will be critical, along with the risk assessment,
to forming effective management decisions.

5. Monitoring for Spatial Distribution of Microplastics in the
Watershed at Varying Scales

While monitoring the status and trends in the concentrations and loads of microplastics to the Bay and its
tributaries will provide Bay-scale answers to how important microplastics are, regional and local scale
answers are also needed. Certainly, human and ecological endpoints are not evenly distributed across
the Chesapeake Bay watershed, and it is likely that microplastics are not either. Fortunately,
piggybacking on state and local government water quality programs, as well as NGO and citizen science
efforts, can allow us to determine the spatial distribution of microplastics across varying scales. This
would enable identification of microplastic hotspots depending on the density of geographic sampling. In
addition, extensive monitoring across the watershed will provide data from different land uses and source
environments for analysis. More sampling data in the watershed should also increase our understanding
of the different types of microplastics and their transformation (degradation from macroplastics) over time.
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5.1 Probabilistic Sampling of Non-tidal Streams

Existing probabilistic sampling of non-tidal stream currently undertaken in Bay states for Clean Water Act
305b reporting and/or water resource management provides a large array of sites and regular survey
schedules from which to select geographically representative sites for microplastics sampling. These can
be water samples collected as part of field visits for biological, water quality, or other systematic
monitoring. This spatially extensive sampling will both provide a detailed picture of microplastics across
each state and help identify microplastic “hotspots.”

In addition to the state surveys, some local governments also conduct probabilistic stream surveys that
provide more dense coverage of a geographic area. As one example, some Phase | MS4 counties in
Maryland conduct comparable sampling to the MBSS. Under new guidance from MDE, some MS4s are
choosing to conduct their own watershed assessment monitoring are using a spatially balanced survey
design called GRTS (Generalized Random Tessellation Stratified sampling) where sample effort is spread
evenly over the target region.

We recommend that either (1) water samples for microplastics be collected at all survey sites and
archived for laboratory analysis based on resource availability or (2) only a subset of survey sites collect
microplastics using a predetermined probabilistic design. A GRTS spatially balanced survey design could
be used to identify the subset of sites to be sampled for microplastics.

MARYLAND BIOLOGICAL STREAM SURVEY (MBSS)

The MBSS is an example of a probabilistic state survey to which microplastics samples can be added.
Currently, MBSS is conducting annual sampling of 1 site in each of 84 Primary Sampling Units (PSUs)
comprising single and combined Maryland 8-digit watersheds. This Round 5 will continue in perpetuity so
that annual estimates of statewide condition will be calculated with narrowing error bars over time. Future
reporting of condition by region or type may be prepared after 3 or 5 years. The stream network has
transitioned from 1:100,000 scale to 1:24,000 scale, thus incorporating many smaller streams. One option
is to collect and analyze water samples for microplastics at each of these 84 sites the first year and then
collapse the number of sites in future years based on the variability across the state. A minimum of 40
sites per year is desirable.

WATERSHED ASSESSMENT SAMPLING BY COUNTIES

Both Fairfax County in Virginia and Prince George’s County in Maryland are examples of probabilistic
watershed sampling programs that are comparable to their state programs on a finer scale. For example,
Prince George’s County samples 85-90 sites per year, for a total of 257 primary sites per 3-year-round. As
at the state level, we recommend collecting and analyzing water samples for microplastics at each of the
county sites the first year and then collapsing the number of sites in future years based on the variability
across the county.

5.2 Targeted Sampling of Non-tidal Streams

In addition to their probabilistic surveys, both states and local governments conduct target sampling of
non-tidal stream of special interest. These can be streams receiving runoff from specific land uses or
BMPs, or streams with high-quality communities. NGOs sampling is also typically targeted, though the
goal may be to provide information across the geography of concern. NGO sampling for microplastics
provides an important avenue for citizen science, education on plastics reduction, and ultimately
behavioral change.

We believe that use of targeted sampling for microplastics can support investigations into sources,
pathways, and endpoints of microplastics pollution, as described below.
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6. Major Exposure Pathways of Microplastics (i.e.,
wastewater, stormwater, aerial deposition)

Knowing how important the microplastic problem is leads directly to how do we solve the problem—i.e.,
reduce the risk to the human and natural environment. Identifying the major exposure pathways from the
sources of microplastics that deliver this pollution to the environment is especially important to employing
effective microplastics reduction strategies. By determining the relative contributions of wastewater,
stormwater, and aerial deposition using representative samples from other monitoring programs, we will
be better able to design microplastic reduction strategies with maximum impact and cost effectiveness.

7. Pollution Monitoring for Sources, Types, and
Transformation of Microplastics Pollution

Beyond the major exposure pathways, identifying the specific sources and types of microplastics pollution
is critical to determining what reduction strategies might be most effective. Since it is not practical to
identify all the specific locations acting as sources of microplastic pollution, we recommend focusing on
monitoring the types (shape and composition) of microplastics that can be linked to potential source
macroplastics. Bioaccumulation may play an important role, as may degradation and transformation.
Future research may lead to linking types of microplastics that likely originate from plastic grocery (and
other) bags, soda bottles, coated paper, and plastic fibers from tires and clothing, among others. Possible
proximal sources that could be studied include urban land use, agricultural activities, landfills, wastewater
treatment plant discharges and sludge application, residential washing machines, and litter zones.

A systematic study of microplastic types could simply involve conducting polymer and fiber analyses on
representative samples from other monitoring programs. For example, detrital material collected in
association with freshwater macroinvertebrate samples can be analyzed to characterize the type of
microplastics occurring in those survey areas. In contrast, the study of microplastic sources requires
careful sampling design focused on discharges from identified sources.

And, as mentioned above, microplastics monitoring in conjunction with extensive non-tidal stream
sampling programs should also be an effective approach for identifying microplastic pollution hotspots.
Tying these hotspots to the types and sources of microplastics found in this study is the most promising
method of local pollution reduction.

Using data from these studies on ultimate and proximal microplastic sources, in combination with
literature information, we can develop a conceptual model of the sources, fate, transport, and ultimate
destination of microplastics. This includes their origin as solid trash, through intermediate stages of
transport and breakdown, to sequestration or uptake by animals and humans. The resultant
concentrations and toxicity of microplastics in human and ecological endpoints is the final step in risk
management and is discussed next.

8. Monitoring for Concentrations and Toxicity of
Microplastics in Ecological and Human Health Endpoints

The ultimate risk that microplastics pose to the Chesapeake Bay ecosystem and human health will
depend not only on the types, sources, and exposure pathways of microplastics, but also on the
concentrations and toxicities of microplastics and associated substances that occur in the endpoints of
concern. Determining these ultimate concentrations depends on our understanding the trophic pathways
through the food web, especially those affecting living resources, such as brook trout, striped bass, blue
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crabs, oysters, and other species critical to the Bay ecosystem. Bioaccumulation may play an important
role, as may degradation and transformation.

In the recent PPAT microplastic ecological risk assessment
(https://www.chesapeakebay.net/what/publications/ecological-risk-assessment-for-microplastics), the
conceptual model development for juvenile striped bass in the Potomac River identified major data gaps
in the understanding of microplastic ingestion and trophic transfer in finfish. Most fish monitoring
programs run by the states focus on population estimates, biodiversity, spatial distributions, stock
assessments, and long-term changes in fish community structure. A subset of programs (e.g., VIMS’
ChesMMAP) collects biological data on fish populations that include trophic information (stomach content
analyses). These collections can be used to garner microplastic ingestion data across the tidal portion of
the Chesapeake Bay.

Also, as described above, some state and local governments routinely sample fish and benthic
macroinvertebrate populations throughout their non-tidal streams, though the fish are typically returned to
the stream after electrofishing. A subsample of the fish and invertebrates collected could be used to
determine microplastic concentrations in these organisms through laboratory analyses.

Lastly, laboratory studies of toxicity are needed to complete the risk assessment, determine potential
human health and environmental impacts, and inform management strategies. This is a daunting task,
given the range of microplastic types and substances that are associated with microplastics, as well as
the many different endpoint species of concern. Understanding the potential impacts of PFAS and other
contaminants that co-occur with microplastics is another emerging concern and research focus.

9. Recommended Near-term and Future-term Priority Actions

We recommend that the Chesapeake Bay Program and partners take the following near-term and future-
term priority actions.

9.1 Near-term Actions

We believe that implementing an effective monitoring program for microplastics in the Chesapeake Bay
watershed requires an official commitment from the CBP, ideally by inclusion in the Beyond 2025
Chesapeake Bay Agreement. In addition, we believe that monitoring for the status of microplastic
loadings into the Bay should be initiated as soon as possible, so that baseline data are available to justify
and further the commitment to support this goal. The most effective and streamlined way to quickly
implement this monitoring is to integrate it into existing status and trends monitoring for the Bay. These
and some smaller near-term actions are described below.

1. Consider adding no net increase in microplastic pollution as a goal to the Bay
Agreement

The PPAT is an obvious champion for adding the no net increase in microplastic pollution as a goal to the
Beyond 2025 Chesapeake Bay Agreement, as are the Goal Implementation Teams and Work Groups.
The interest of the Chesapeake Bay Commission in reducing plastic pollution through Extended Product
Responsibility legislation indicates further potential support for adding this goal.

We would expect that PPAT would facilitate the monitoring efforts (along with the necessary research,
management, and policy development), but finding a jurisdiction with a special interest in microplastics
would undoubtedly help move the effort forward. The case will be most effective if it builds on current
CBP concern with expanding shallow water monitoring and participatory science. Additionally, it is likely
that information on the impacts of microplastics on living resources and human health will solidify and
increase this support. This argues for implementing status and trends monitoring as a baseline of
microplastic pollution as soon as possible, even before the goal is added to the Agreement.
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2. Implement a monitoring program to measure attainment of this no net increase goal
and support related goals, such as identifying controllable sources of microplastics

This goal refers both to (1) the rapid implementation of status and trends monitoring of microplastics to
justify adding no net increase in microplastic pollution as a goal in the Bay Agreement and (2) the full
monitoring program that would be included to meet the goal.

To meet this goal, CBP will need to ensure that adequate capacity and resources are available not only to
manage leveraging field collections, but also to provide for processing microplastic samples, including the
necessary analytical equipment. The monitoring program should also plan for quality assurance support,
data repository, and management system, analysis, and reporting support that provides for data retrieval
and analysis.

3. Add microplastic sampling of water and sediment to existing or new CBP monitoring
networks

We recommend adding the collection of water samples for microplastic analysis to the nutrient and
suspended sediment sampling currently being done at the nine Bay tributary RIM stations along the
physiographic Fall Line. To capture seasonal variation in microplastic loadings, monthly sampling
(coincident with nutrient and suspended sediment sampling) should be conducted. At first, laboratory
analysis should focus on calculating the count of microplastics per unit volume or ideally also the more
difficult mass per unit volume. The samples should be archived for additional analysis of microplastic
types or toxicity, and association with potential sources, when resources are available. Therefore, it is
critical that CBP identify one or more institutions that will receive microplastic samples for analysis or
archiving. Similarly, CBP should identify a central repository for microplastic data or decide to submit data
to National Centers for Environmental Information (NCEI) repository for multiple datasets of marine
microplastics.

In addition, we recommend adding the collection of sediment samples for microplastic analysis to the
probabilistic sediment sampling for invertebrates by the LTB program. This would provide information on
the abundance and distribution of microplastics in Bay sediment critical for identifying hotspots and sinks.

Given that Lopez et al. (2021) estimated that 94% of microplastics are beached within the Chesapeake
Bay with only 5% exported to the ocean, consider creating a bay-wide beach monitoring program for
microplastics.

POSSIBLE LONG TERM: Should a zooplankton monitoring program be restarted, include microplastic
sampling.

4. Estimate bay loads of microplastics from each of the major Bay tributaries for annual
status and future trends reporting

Since the Chesapeake Bay nine RIM sites capture flow from 78% of the watershed, they provide a robust
measure of what is coming into the Bay. We recommend estimating the annual loadings using the
methods developed for existing nutrient and sediment loadings calculations. This will entail assessing
results across both low and high flows to develop the relationship of flow and concentration needed to
calculate loadings. As years of monitoring accumulate, the trends estimation methods used for nutrients
and sediment can also be applied to microplastics.

9.2 Future-term Actions

Although integrating microplastic sampling and analysis into the existing monitoring network activities of
the CBP core monitoring networks should immediately raise our understanding of the problem and our
commitment to solving it, much additional information is needed to develop effective microplastic pollution
reduction strategies. Obtaining such information will require adding extensive sampling to non-tidal
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stream monitoring programs to identify hotspots, as well as research into the sources, exposure
pathways, and impact on ecological and human health endpoints.

5. Facilitate incorporation of microplastic sampling into state and local monitoring
programs wherever possible to build an increasingly complete picture of the spatial
distribution of microplastic status and trends

We recommend working with state and local government water quality programs, as well as NGO
participatory science efforts, to integrate microplastic sampling into spatial extensive monitoring across
varying scales. Initially, we would ask each state with a probabilistic non-tidal stream survey to collect a
minimum of 40 water samples (and benthic macroinvertebrate samples if desired) from a spatially and
temporally balanced random subset of sites. If microplastic samples can be collected from all sites and
archived for future analysis, that would be ideal.

An enhancement would be to work at a finer scale in a series of pilot watersheds representing different
regions or land uses, as well as beach monitoring for bacteria. This could be an integration with state,
local, or NGO programs to achieve a minimum of 40 water samples in each area of interest.

In future years of spatially extensive monitoring for microplastics, sampling designs can be modified to
lessen sampling in areas of homogenous results and address apparent hotspots.

6. Conduct focused sampling of known proximal (i.e., wastewater, stormwater, aerial
deposition) and ultimate (e.g., land uses) microplastic sources in sufficient numbers
to characterize variation across the Bay watershed

POSSIBLY NEAR TERM: Pennsylvania DEP plans to conduct a 2024 pilot study designed to sample (1)
known microplastic sources, (2) upstream-downstream contributions, and (3) contributions from forest,
urban, and agriculture land uses that can serve as a model of long-term efforts across the Chesapeake
Bay watershed. This can lead to working with local governments that monitor catchments of dominant
land use to further understand these ultimate sources.

We recommend systematic monitoring of microplastics in wastewater, stormwater, and aerial deposition
be conducted at 40 locations (or 10 locations as a pilot) each within the Chesapeake Bay watershed. This
sampling should be conducted monthly for the first year with modifications based on observed variability.

Another option is to ask state regulatory agencies to require wastewater treatment facilities to add
microplastic sampling and analysis to their monitoring.

Since the study of more specific microplastic sources requires careful sampling design focused on
discharges from identified sources, that would be a future effort.

Another approach to source monitoring is to focus on production of macroplastics which ultimately break
down into microplastics. At a minimum, tracking plastic production would provide context for evaluating
trends in microplastics status and trends.

7. Implement plastic type identification in 20% of randomly selected samples to develop
an accurate picture of plastic products leading to microplastic pollution

POSSIBLY NEAR TERM: As some jurisdictions are already monitoring trash for TMDL compliance (e.g.,
Anacostia in Maryland and DC), adding microplastic sampling to these efforts could provide an
opportunity to match trash types and microplastic amounts for a better understanding of plastic product
sources.

We recommend using laboratory diagnostics on the types (shapes and composition) of microplastics
found to link them to ultimate plastic sources. At a minimum, analyses should differentiate among plastic
grocery (and other) bags, soda bottles, coated paper, and plastic fibers from tires and clothing. They
should also take into consideration the breakdown of plastics in different environments. Ideally, the
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diagnostics can be linked to sources, such as urban land use, agricultural activities, landfills, wastewater
treatment plant discharges and sludge application, residential washing machines, and litter zones.

Once adequate diagnostics are developed, appropriate polymer and fiber analyses can be conducted on
representative samples from the spatially extensive monitoring programs to expand our understanding of
sources and hotspots. Examples include using reference sites as a measure of background microplastics
in the environment (e.g., MBSS sentinel and local reference sites) and NGO programs that have specific
designs related to source identification.

8. Determine microplastic concentrations in select species of ecological and human
health importance in sufficient numbers to characterize variation across the Bay
watershed

POSSIBLY NEAR TERM: We recommend adding microplastic measurement to existing Chesapeake Bay
fish monitoring programs (e.g., VIMS’ ChesMMAP) that collect trophic information (i.e., stomach content
analyses).

This could be extended to state and local governments that sample fish throughout their non-tidal streams
(e.g., DC Fisheries) by providing resources to collect a subsample for laboratory analyses.

Similarly, state and local governments could collect a subsample of the fish and invertebrates for
microplastic measurements from regular non-tidal monitoring.

As a first step to address human exposure, we recommend working with local governments and NGOs to
add microplastics to regular monitoring for bacteria at beach sites.

9. Conduct focused food web studies to better understand the trophic pathways leading
to microplastic concentrations in these species

We recommend conducting systematic studies on the trophic pathways of microplastics through the food
web, focusing on brook trout, striped bass, blue crabs, oysters, and black duck.

10. Undertake scientific studies of the degradation of plastics and their role as vector of
toxicity and other risk factors affecting the ecosystem and human health

We recommend conducting laboratory studies of toxicity of microplastics on brook trout, striped bass, blue
crabs, and oysters. To the extent feasible, the toxicity of other substances associated with microplastics
should be studied as well. For example, we could expand on VIMS study of impacts of microplastics on
bacterial communities and the nitrification/denitrification process. Effects on human health are properly
undertaken by other organizations at a national level.
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1. Introduction

Microplastics are an environmental contaminant made of polymer particles under 5 millimeters
(mm) in size (EPA, 2021, Murphy and Flippin, 2021). EPA Beach Protocol states that “plastic
fibers smaller than 5 mm in width but larger than 5 mm in length are also considered
microplastics” (EPA, 2021). These particles can result from the degradation of larger plastics and
also include particles in this size range manufactured for commercial and industrial uses.
Pervasive across the globe in water, air, and land environments, including the Chesapeake Bay,
the effects of microplastics on these environments and the organisms that inhabit them are an
active area of research. Aquatic organisms, specifically, are known to consume microplastic
particles (e.g., evidence of fiber uptake through fish gills) and may suffer physiological and
neurologic effects as a result (Murphy et al., 2019). Collecting data on the sources,
concentrations, and characteristics of microplastics is necessary to make informed decisions for
protecting aquatic and human life. Currently, there are no universally accepted methods for
collecting microplastic samples from water and sediment environments or biota. This reference
guide summarizes a subsection of available literature about microplastic field sampling and
makes recommendations for sampling efforts throughout the Chesapeake Bay watershed. Due to
the ubiquity of plastics in the environment (e.g., clothing, construction, litter), quality control and
quality assurance protocols are a requirement to determine true microplastic environmental loads
versus contamination.

2. Literature Review

A review of publicly available literature pertaining to the field methods of microplastic sampling
was conducted. In total, 13 keywords or phrases were used in the search of literature in Google
Scholar (Table 1). Altogether, 27 peer-reviewed papers from study areas around the world were
found relevant to the topic and were reviewed in their entirety, 13 of which are literature reviews
themselves. Papers were chosen for inclusion based on the level of detail and comparison
provided for water, sediment, and biota sampling methods and equipment. Of the papers chosen
for review, publication years range from 2012 to 2023 and most detailed processes for sampling
microplastics in media including water, sediment, and biota.

This reference guide will focus on microplastic field sampling information on three types of
media and environments commonly found in the Chesapeake Bay Watershed — surface water and
water columns in lakes/ponds, rivers/streams, and estuaries/open ocean; sediment on
beaches/shorelines and in benthic environments; and biota.

Table 3. Phrases used in the literature search

Literature Search Terms

field sampling investigation of microplastics
microplastics in water "methods for sampling"
microplastics in environmental samples

field sampling microplastics in aquatic environments
field sampling microplastics in wetlands

field sampling microplastics in wastewater




field sampling microplastics in agriculture

field sampling microplastics on beaches

field sampling microplastics in surface waters

field sampling microplastics in open waters

field sampling microplastics on submerged aquatic vegetation
field sampling procedure for microplastics

microplastic field sampling methods

3. Field Sampling Methods Summary
3.1 Microplastic Field Sampling Methods

In the papers reviewed, methods and equipment used for sampling microplastics in the field
varied by media (e.g., water, sediment, biota) and environment (e.g., lakes/ponds, estuaries/open
ocean, beaches) and were often predicated upon the research goals of the paper or resource
limitations (e.g., cost, time, staff). Wang and Wang (2018) literature review of 49 microplastic
field sampling studies states that “obtaining representative samples requires an appropriate
sampling tool and a carefully designed sampling strategy”. Wang and Wang (2018) (and others
including Hidalgo-Ruz et al., 2012, Razeghi et al., 2021, Zobkov and Esiukova, 2018) identified
three common sampling methods in their review that this reference guide will focus on:

1. Selective Sampling — Selective sampling refers to the practice of collecting microplastic
debris visible to the naked eye. Selective sampling is often used in surface water or
surface sediment (e.g., beaches) sampling and is more applicable to larger microplastics
(1-5 millimeters [mm]) (Razeghi et al., 2021).

2. Bulk Sampling — Bulk sampling refers to the practice of collecting entire volumes of a
media (e.g., sediment cores, containers of water) without reduction during sampling
(further processing is done in a laboratory). Bulk sampling is common for sediment
sampling as, in theory, all microplastics present in a sample are captured with this method
(Wang and Wang, 2018, Zobkov and Esiukova, 2018).

3. Volume-reduced Sampling — Volume-reduced sampling refers to the practice of
reducing the entire volume of a sample to retain a portion of the sampled media (e.g.,
filtering microplastic-filled water through a net). Volume-reduced sampling is common
in sampling microplastics in water as the method allows for large areas of sampling in a
finite amount of time (Wang and Wang, 2018).

3.2 Water Sampling Methods and Equipment

Several methods and equipment for sampling microplastics in water (e.g., surface water and
water column) in different environments (e.g., lakes/ponds, rivers/streams, estuaries/open ocean)
are noted in the papers reviewed. Choice of sampling equipment, techniques, study area, and
depth depend on the “research question, economic proportionality of methods, and also the study
compartment” (Razeghi et al., 2021). Care should be taken during the sample collection process
to ensure the reduction of contamination. Commonly used microplastic sampling equipment
(e.g., nets, net frames, pump tubes) are often made of plastic and regular usage can lead to
equipment wear and sample contamination (Lenz and Labrenz, 2018). Common QA/QC
measures taken during and after sampling include rinsing and cleaning equipment before use,



using non-plastic equipment, collecting field blanks and replicates for contamination analysis
when possible, and minimizing exposure of sample to sources of contamination (e.g., exposure
to air, non-natural fibers). The measures of contamination reduction used, and the material
composition of equipment used during sampling should recorded for reporting.

3.2.1 Water Surface Sampling

Campanale et al. (2020) states that due to the “minimal size, weight, and relative density” of
microplastic debris, it is often found floating on the water surface and secondly, below in the
water column. The following subsections discuss sampling methodologies depending on the
sampling objectives. Table 2 provides the approximate cost, time of sampling in minutes,
advantages, and disadvantages of the sampling equipment discussed in the following water
surface sampling sections.



Table 4. Comparison of water surface sampling equipment (Campanale et al., 2020)

2 : : Costs Time
Sampling Device Advantages Disadvantages s (Minutes)
Expensive equipment;
: ] Requires boat;
Sampling ot {arge e e The lower limit of detection is 333 um;
The lateral wings allow the floating of :
Manta net . 2 Clogging problems; ~3500 15-240
the device and the sampling of the Risk of ) R
e sk of sample contamination;
Underestimation of the total buoyant
microplastic amounts.
Expensive equipment;
Requires a boat;
Sampling of large volumes of water; The lower limit of detection is 333 um;
Neuston net Widely used (useful for Clogging problems; ~2300 30
compare positions). Risk of sample contamination;
Underestimation of the total buoyant
microplastic amounts.
Expensive equipment;
Requires a boat;
e r Bt o fasction IR i gal?n l'mg E,)'f'olbo:izs\;folumes of water compared to
Plankton net Sampling of medium volumes of water; Manlza tr%\wl' P ~2400 30
Poaslblhty to sample the water column. Risk of sample contamination;
Underestimation of the total buoyant
microplastic amounts.
e . . Expensive equipment;
5:)5:2‘:1 Yy :e?$ple i pepresal poingy ol May involve difficulty in anchoring to the riverbed;
MP traps = L (?r = e 3 = In the presence of a low flow rate, samples the first ~1200 30
Possibility to choose mesh dimensions
from 100 um to 333 um. 25 oon ct e
B L Risk of contamination.
Well-known and precise volume of Costly equipment;
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3.2.1.1 Volume-reduced Water Surface Sampling

Often, volume-reduced, or non-discrete sampling is used for sampling microplastic debris from
the surface in water environments (e.g., open water/estuaries, lakes/ponds, rivers/streams)
because the method allows for covering large areas and volumes of water in single sampling
events, reducing “patchiness” in sampling (Campanale et al., 2020, Razeghi et al., 2021).

Trawl and net sampling

In waterbodies large enough to accommodate vessels, dynamic sampling is possible and trawls
carrying nets fitted with a cod end (e.g., manta nets, neuston nets, plankton nets, bongo nets) are
often attached (by poles or rope) and towed behind vessels as they travel for a set time (the
MSFD Technical Subgroup of Marine Litters guidance document suggest a duration of at least
30 minutes) or distance along a designated path collecting debris from the surface water
(Campanale et al., 2020, Karlsson et al., 2020, Hanke et al., 2013, Razeghi et al., 2021, Wang
and Wang, 2018; Figure 1). Vessels should be operated at a constant speed. Speeds reported in
papers reviewed were between 0.7 and 5 knots (Campanale et al., 2020, Hung et al., 2021,
Lindeque et al., 2020, Zobkov and Esiukova, 2018). The direction and pattern the vessel travels
during sampling depends on the research needs (Karlsson et al., 2020, Campanale et al., 2020).
Taking replicate samples using the same method can assist in overcoming spatial and temporal
variability (e.g., different flow regimes) and can ensure more representative data (Campanale et
al., 2020, Karlsson et al., 2020). Karlsson et al. (2020) ran statistical analyses to determine the
number of replicates necessary to collect for spatial or temporal comparison and recommends at
least 8 replicates for quantitative comparison due to the patchy nature of microplastic particles.

In smaller or shallower waterbodies that are unnavigable by large vessels, like creeks, streams,
and smaller rivers, stationary sampling is an option for collecting microplastic samples. In these
cases, it is reported by Campanale et al. (2020) that floating nets (e.g., manta net, plankton net,
bongo net, microplastic trap), fixed (to riverbanks or otherwise) in the opposite direction of water
flow, that skim the water surface can be used to collect microplastic samples. Sampling in rough
water conditions and surface waters with a manta net is unsuitable due to the buoyancy of the
equipment (Campanale et al., 2020, Razeghi et al., 2021, Zobkov and Esiukova, 2018).

In flowing water, the volume of water sampled by trawl and net can be determined by attaching a
mechanical or electronic flowmeter at the net opening or by manually measuring the flow rate
and using the following calculation (Campanale et al., 2020, Rios and Balcer, 2019):

Volume of water filtered = (area of the mouth of the net) x (water flow rate [m/sec]) x
(length of time net was deployed) x (hydraulic pitch)

In the absence of a flowmeter, the volume of water sampled can be determined by using the
following calculation provided by Campanale et al. (2020):

Volume of water filtered = (area of the mouth of the net) x (distance covered during the
tow)

Common net aperture sizes noted in the studies reviewed range from 45c¢m height by 100cm
width for neuston nets and 16 cm height to 67.5 cm width for manta trawls (Hidalgo-Ruz et al.,



2012, Barrows et al., 2017, Lindeque et al., 2020, Karlsson et al., 2020, Hung et al., 2021). The
most common mesh aperture sizes noted in the literature reviewed are between 300-335 pum for
manta and neuston nets and about 100 pm for plankton nets (Campanale et al., 2020, Hung et al.,
2021, Lindeque et al., 2020, Lofty et al., 2023, Stock et al., 2019, Wang and Wang, 2018). To
address potential net clogging, which is common with the use of smaller sized mesh, Razeghi et
al. (2021) recommends trawling using “tandem nets with different mesh sizes”. Mughini-Gras et
al. (2021) used a cascade method to obtain a more representative sample of microplastics in
riverine surface water; surface water was filtered through two metal sieves (500 and 100 pum,
respectively) with a 10 um meshed plankton net underneath. Stock et al. (2019) also reported the
use of filter cascades in their review.

Post-survey sample retrieval efforts varied among studies reviewed, but typically, after samples
are collected, nets are typically brought aboard and rinsed from the outside of the net toward the
cod end. The cod end or sample collection container is removed from the net and the sample is
usually either transferred immediately to a pre-cleaned sample jar (typically glass) or is sieved on
site and transferred (by metal tweezers, spoons) to a sample jar, filled with a solution (studies
report using water or an alcohol solution), and stored cold or frozen (studies report a range of 4
to -80 degrees C) until analysis (Barrows et al., 2017, Campanale et al., 2020, Hung et al., 2021,
Karlsson et al., 2020, Lindeque et al., 2020). Karlsson et al. (2020) used detachable cod ends and
chose to prepare and clean them in the lab to avoid sample contamination. After rinsing the nets,
Lindeque et al. (2020) reports two the use sample storage methods prior to analysis. In the first
method, trawl contents were transferred to nylon mesh corresponding to the mesh size of the net,
rinsed with freshwater, folded and secured, then desiccated in a food-dehydrator at 60 degrees C
and stored in sample bags. In the second method, trawl contents were also transferred to nylon
mesh corresponding to the mesh size of the net, rinsed with freshwater, folded and secured, then
wrapped in aluminum foil, stored at -80 degrees C, and freeze-dried.

For reporting purposes, Campanale et al. (2020) states that “filtration volume, tow length, or area
sampled” should be measured. Mesh size, material composition of equipment (e.g., plastic,
metal), net size, net opening size, rate of tow, sampling depth, methods taken to reduce sample
contamination, and sampling location should also be measured and recorded (Underwood et al.,
2016).
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Figure 1. Volume-reduced water sampling equipment (Campanale et al., 2020)
Pump sampling

Alternatively, water intake pumps can be used to move small or large volumes of surface water
through an inline filter for sample collection. While water pumps may be more difficult to use in
the field as they require a source of energy to operate, they can be fitted with sieves to collect
microplastic debris smaller than debris typically captured with the use of nets or trawls (Lenz
and Labrens, 2018,, Liu et al., 2020, Raghezi et al., 2021, Watkins et al., 2021). The size of the
sieve is dependent on the size of microplastic particle targeted for sampling. Water pump
systems can be used stationarily or in “underway” situations such as being towed on a vessel
along transects. In Maryland, the Chesapeake Biological Laboratory (CBL) uses a vessel towed
(up to a speed of 20 knots), high-flow water intake pump to evaluate water quality. The high-
flow water intake pump used in combination with a Wide Area Augmentation System (WAAS)
enabled GPS device allows CBL to be able to characterize spatial resolution of the surveyed
waterways (MD DNR, 2024). Karlsson et al. (2020) reports using a vessel towed filtration pump
device fitted with a motor, an electromagnetic flowmeter, a water intake, and a filter stack (14cm
diameter, filter mesh size .3mm) to sample for microplastics. As pumps used stationarily are not
transported through water like trawls and nets, the sampling area is more limited and may not
produce as representative of sample. This may be overcome by taking several replicate samples
(Razeghi et al., 2021).

In a study comparing the use of trawls and pumps for sampling water for microplastic presence,
Karlsson et al. (2020) states that the potential of plastic contamination of the sample is smaller
for pumps than it is for trawls and that for the pump used in the study, “assuming a stainless-steel
wire is used for deploying the pump, the only plastic materials associated with the pump are the
external electrical cables, a silicone rubber seal, and two internal black nitrile o-rings”. Efforts
taken prior to reduce contamination prior to sampling include rinsing ultrasonicated filters with
deionized water and storing them in foil lined jars. To avoid sample contamination, Lenz and
Labrenz (2018) built a mobile, closed-filter encapsulated filtration device to sample for
microplastics in the water column with a lower size limit of 10 micrometers. Samples should be
transferred to and kept in a closed container and kept in cold storage before analysis.
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Water volume filtrated, efforts taken to avoid sample contamination, material composition of
equipment (e.g., plastic, metal), filter mesh size, diameter of pump tubing, the type of pump
used, sampling depth, sampling location (where along the cross-section of the waterbody water
was collected from [e.g., near the bank, the thalweg]), and for underway sampling, the transect(s)
traveled, should be measured and recorded.

3.2.1.2 Bulk Water Surface Sampling

Less common than volume-reduced surface water sampling, bulk, or discrete sampling is a
method that some researchers use to sample surface water for microplastics, particularly in
shallow waters or in sampling situations limited by time (Liu et al., 2020). Bulk sampling is most
often done by taking grab samples using water collection bottles and jars but can be done using
pumps (Barrows et al., 2017, Campanale et al., 2020, Razeghi et al., 2021, Wang and Wang,
2018). In bulk sampling, a fixed volume of water is collected at a single location, potentially
providing a more size-representative sample of microplastics. For non-pump bulk water surface
sampling, containers are commonly attached to a pole, submerged to the desired depth, opened to
collect the water sample, brought back aboard, filtered directly (or during analysis) and then
sealed and stored cold (e.g., on ice) until analysis. Pump sampling can be done by collecting
water in a bucket followed by sieving. Non-plastic equipment should be used when possible and
collection containers should be rinsed ahead of sample collection to reduce contamination. As
microplastics exhibit variability through spatial distribution, bulk grab samples may not be
representative of the debris present in the study area. Taking several replicate bulk grab samples
is encouraged to obtain a more representative sample (Razeghi et al., 2021). Stock et al. (2019)
reports reviewing a study wherein bulk surface microlayer (50-60 um depth) samples were
collected using a rotate drum sampler which uses surface tension to collect water. Container
volume, measures taken to reduce sample contamination, material composition of equipment
(e.g., plastic, metal), sampling depth, and sampling location should be recorded.

3.2.2  Water Column Sampling Methods and Equipment

Several papers reviewed mentioned water column sampling for microplastic debris (Campanale
et al., 2020, Correia Prata et al., 2019, Hidalgo-Ruz et al., 2012, Stock et al., 2019, Wang and
Wang, 2018, Zobkov and Esiukova, 2018). Sampling methods are similar for both fresh and
marine water systems, but differences in the distribution of microplastics can be found in either
system (Campanale et al., 2020, Correia Prata et al., 2019). Due to the difference in density
between fresh and marine water, microplastic debris is generally anticipated to occur deeper in
the water columns of freshwater systems, though Liu et al. (2020) reports reviewing a study that
found “an exponential decreasing trend of microplastics with water depth” in freshwater systems.
(Campanale et al., 2020, Correia Prata et al., 2019). Liu et al. (2020) also report that
microplastics can be subject to water density barriers and inhibit vertical transport (e.g., keeping
microplastics suspended in haloclines and thermoclines). There is no standardized target depth
for collecting a water sample within the water column across studies; several studies report water
column samples being taken from one meter to thousands of meters deep (Hidalgo-Ruz et al.,
2012, Zobkov and Esiukova, 2018). Depth and location of sampling should be adjusted
according to the sampling location, salinity, and other factors that lead to sinking (e.g.,
biofouling, physical mixing due to wind and water conditions) that could affect the depth of
microplastic pollution (Correia Prata et al., 2019, Liu et al., 2020).
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3.2.2.1 Volume-reduced Water Column Sampling
Trawl and Nets

Similar to methods used for surface water sampling, common volume-reduced water column
sampling equipment used for collecting microplastics include trawl and net methods using
plankton nets, bongo nets (paired), and zooplankton nets (Campanale et al., 2020, Hidalgo-Ruz
et al., 2012, Wang and Wang, ,2018, Zobkov and Esiukova 2018). Due to the buoyancy of manta
nets, they are not recommended for water column sampling (Campanale et al., 2020). These
trawls and nets are typically suspended from a vessel and held firm at varying depths beneath the
water surface. Weights (about 10-20 kg) are often attached to nets to hold them at the desired
sampling depth (Campanale et al., 2020). Stock et al. (2019) found in its review that for near
bottom water column sampling, it is possible to use eel, drift, or benthic nets attached to the
ground. Measures for reducing sample contamination, post-survey sample retrieval, and post-
survey sample preparations for water surface sampling using nets and trawls (Section 3.2.1.1)
can be used for water column sampling using nets and trawls. Filtration volume, tow length (or
area sampled), mesh size, sampling depth, measures taken to reduce sample contamination,
material composition of equipment (e.g., plastic, metal), and sampling location should also be
measured and recorded.

Pumps

Submersible water intake pumps are used similarly to how they are used for surface water
sampling but are deployed at the study defined depth(s) or throughout the water column. Stock et
al. (2019) reports the use of centrifugal, Teflon, and eccentric screw pumps for water column
sampling in its literature review. The use of continuous plankton recorders (vessel towed, water
filtering instruments) for sampling microplastics in the water column was also noted in several
studies (Correia Prata et al., 2019, Hidalgo-Ruz et al., 2012, Stock et al., 2019, Wang and Wang,
2018, Zobkov and Esiukova, 2018). Measures for reducing sample contamination, post-survey
sample retrieval, and post-survey sample preparations for water surface sampling using pumps
(Section 3.2.1.1) can be used for water column sampling using pumps. Water volume filtrated,
efforts taken to avoid sample contamination, material composition of equipment (e.g., plastic,
metal), filter mesh size, diameter of pump tubing, the type of pump used, sampling depth,
sampling location (where along the cross-section of the waterbody water was collected from
[e.g., near the bank, the thalweg]), and for underway sampling, the transect(s) traveled, should be
measured and recorded.

3.2.2.2 Bulk Water Column Sampling

Similar to bulk surface sampling, water collection bottles (e.g., Niskin bottles) and jars can be
used to collect full volume samples at varying water column depths (Correia Prata et al., 2019,
Wang and Wang, 2018, Zobkov and Esiukova, 2018). For deeper water bulk sampling, Liu et al.
(2020) reports the repeated use of Rosette sampler systems comprised of stainless-steel frames
and outfitted with several Niskin bottles and a conductivity-temperature-depth (CTD) and Niskin
bottles attached to a Lander system to collect near-bottom water in its review. Measures for
reducing sample contamination, post-survey sample retrieval, and post-survey sample
preparations for bulk water surface (Section 3.2.1.2) can be used for bulk water column
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sampling. Container volume, sampling depth(s), sampling location, material composition of
equipment (e.g., plastic, metal), and measures taken to reduce sample contamination should be
recorded.

3.3 Sediment Sampling Methods and Equipment
Sampling for microplastic debris in sediments typically occurs on beaches or shores and in
water-bottom sediments. Non- or less-buoyant microplastic debris may settle to sediments (due
to factors including plastic density and biofouling) and sampling from these areas may differ
from that of microplastic debris found in water (Razeghi et al., 2021). The type of sediment
sampling done, and equipment used is predicated on the research needs of the study in question —
most often, sediment sampling occurs as selective or bulk sampling (Wang and Wang 2018).
Non-plastic collection equipment should be used, when possible, to avoid sample contamination
and the use of non-plastic equipment should be recorded for reporting. Campanale et al. (2020)
suggest the use of “metal as inox steel, aluminum, and glass” containers for storing sediment
samples.

3.3.1 Selective Sediment Sampling

Selective sampling refers to the practice of removing visible microplastic (1-5 mm) debris from
the environment. Selective sediment sampling is applicable to beach or shores and coastal areas
near water, estuaries, and wetlands. Shore sediment sampling commonly takes place in different
areas that can include the entire beach, within separate zones, in trenches and ditches beyond the
beach, and along drift lines (Wang and Wang, 2018, Zobkov and Esiukova, 2018). A common
sampling method includes using transects along areas of interest (e.g., perpendicular to water line
to the backshore) and placing quadrats or frames along the transects from which to sample
(Razeghi et al., 2021, Stock et al., 2019). Several studies report selective beach sampling being
done by hand and often includes the use of forceps, tweezers, spatulae, tweezers, shovels, and
scoops (Stock et al., 2019, Wang and Wang, 2018, Zobkov and Esiukova, 2018).

The U.S. Environmental Protection Agency (EPA) Beach Microplastic Protocol (2021) proposes
that sampling at beaches should occur between the high-water line (marine or estuarine
environments) or the water’s edge (in freshwater environments) and the back of the beach to
characterize the level of microplastic pollution. The Protocol suggests sampling 12, 1 m?
quadrats along 4 transects (3 quadrats per transect) placed at random intervals along, and
perpendicular to a 100-meter, mid-beach transect placed parallel to the water (the number of
quadrats sampled will depend on the time and staff available; Figure 2). Large debris and litter
should be removed before sampling. Sand and/or sediment should be scraped from the surface
(about 1 inch at a time) within the quadrat using a metal cup and placed in a bucket until the
bucket is half filled. The bucket’s contents are then poured through a 1 mm sieve, the excess
sand decarded, and microplastics removed with tweezers and placed in a sealed container.
Scraping should continue until the entire quadrat has been sieved (EPA, 2021).
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Figure 2. EPA beach sampling methodology (EPA, 2021)

For reporting microplastic concentrations, sampling depth should be recorded; the first 5 cm of
sediment is a common depth to sample from (Wang and Wang, 2018, Zobkov and Esiukova,
2018). Correia Prata et al. (2019) states that “11 samples are recommended per each 100 m of
beach to estimate microplastic concentration at a 90% confidence level”. Sampling area and
depth should be measured and recorded to establish volume for reporting (Campanale et al.,
2020, Correia Prata et al., 2019). Sampling location, material composition of equipment (e.g.,
plastic, metal), and measures taken to reduce sample contamination should be also recorded.

3.3.2 Bulk Sediment Sampling

Bulk sediment sampling can be done in beach and water-bottom sediments and often provides a
stratified view of microplastic deposition over time (Hidalgo-Ruz et al., 2012, Miller et al., 2020,
Zobkov and Esiukova, 2018). In beach or coastal environments, microplastic debris can
accumulate and be buried in sand and water-bottom sediments can be considered “microplastic
sinks” (Wang and Wang, 2018, Zobkov and Esiukova, 2018). Hidalgo-Ruz et al. (2012) reports
two studies using a corer to sample to depths of 25-32 cm and separating the cores evenly into
different layers for analysis (e.g., five 5 cm layers, four 8 cm layers). In water-bottom
environments, most bulk sediment sampling is done from vessels using corers (e.g., multicorer,
box corer), grabs (e.g., Eckman, Van-Veen, Peterson), or bottom trawls lowered to the sediment
surface (Campanale et al., 2020, Wang and Wang, 2018, Zobkov and Esiukova, 2018; Figure 3).
Taking several bulk sediment samples is encouraged to obtain a representative sample when
using this method due to the heterogenous distribution of water-bottom microplastics (Correia
Prata et al., 2019, Wang and Wang, 2018, Zobkov and Esiukova, 2018). Bulk sediment samples
are typically stored in sealed containers and kept cold until analysis (Willis et al., 2017).
Equipment diameter or area, material composition of equipment (e.g., plastic, metal), efforts
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taken to avoid sample contamination, and depth of sample taken should be measured and
recorded.

Figure 3. Bulk sediment sampling equipment; a) box corer, b) multicorer, c¢) Van-Veen grab (Campanale et al., 2020)

3.4 Biota Sampling Methods and Equipment

Evidence suggests that various aquatic biota of different trophic levels ingest microplastic debris
(Lusher et al., 2017, Miller et al., 2020, Pequeno et al., 2021, Stock et al., 2019, Wang et al.,
2020, Wang and Wang, 2018). Sampling for biota should occur in the habitats of target species
(species range and migratory patterns should be considered) — it is common to collect benthic
and pelagic species for microplastic ingestion analysis (Brander et al., 2020, Miller et al., 2020).
Common methods of biota collection by type are noted in Table 3 by Lusher et al. (2017). Non-
plastic collection equipment should be used, when possible, to avoid sample contamination.

Common storage methods for biota samples prior to analysis include the use of fixatives (e.g.,
4% formaldehyde, 70% ethanol, formalin) in sealed glass containers, desiccation, storage on ice,
and freezing (wrapped in aluminum foil, to -20 degrees C) (Brander et al., 2020, Hermsen et al.,
2018, Lusher et al., 2017). Preservation techniques will depend on the research questions in
consideration, for example, fixatives like the commonly used formaldehyde and ethanol may
damage microplastic polymers at high concentrations (e.g., polystyrene damage can occur in
10% alcohol solutions) (Lusher et al., 2017). Biota samples should not be open aboard any vessel
before transportation for analysis due to potential air contamination.

At the time of sampling, information such as sampling location, depth, efforts taken to reduce
sample contamination, type of equipment used, size of equipment used (e.g., mesh size), material
composition of equipment used (e.g., plastic, metal), season, weather and water conditions, and
information on the organism (e.g., size, sex, habitat type) should be noted (Hermsen et al., 2018,
Underwood et al., 2016).
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Table 5. Methods of biota sampling by type (Lusher et al., 2017)

Ecosystem Life strategy Subphylum Size range Sampling method
Aquatic Benthic Annelida — Grabs

Aquatic Benthic Crustacea >50 mm Trawls/creels

Aquatic Benthic Crustacea <50 mm Otter-/beam-trawls
Aquatic Benthic Echindodermata — Grab/trawls

Aquatic Benthic Mollusca >30 mm Grabs

Aquatic Benthic Mollusca <30 mm Grabs

Aquatic Benthic Flatfish — Otter-/beam-trawls
Aquatic Nektonic Crustacea (juv.) <50 mm Mid-water trawls

Aquatic Nektonic Gadids Otter-/mid-water trawls
Aquatic Nektonic Echindodermata (juv.) <2 cm Trawls

Aquatic Nektonic Mollusea (juv.) <2 em Trawls

Aquatic Nektonic Fish <10 cm Mid-water trawls

Aquatic Planktonic Annelida <2 cm Trawls

Aquatic Planktonic Cnidaria <10 cm Trawls

Aquatic Planktonic Crustacea <2 cm Trawls

Terrestrial — Annelida — Sediment collection
Terrestrial — Arachnida — Trapping/hand gathering
Terrestrial — Crustacea — Trapping/hand gathering
Terrestrial — Insecta — Trapping/hand gathering
Terrestrial — Mollusca — Trapping/hand gathering

4. Field Sampling Methods Discussion
4.1 Field Sampling Design

Researchers should design microplastic sampling studies according to their research questions
and goals. For example, to establish a baseline of microplastic data for future monitoring in a
study area, researchers might employ water, sediment, and biota sampling for a comprehensive
dataset (Miller et al., 2020). Researchers interested in the deposition of microplastics in a study
area over time might develop a bulk sediment sampling field study protocol. In the interest of
time and resources, researchers interested in determining the composition of water-based
microplastics in a study area might trawl surface water just once.

In the effort to develop a comprehensive and integrated assessment of microplastic
concentrations and characteristics in the San Francisco Bay, Miller et al. (2020) considered how
data produced would answer the following questions:

What is the lowest size fraction of interest and why?

How will the data be used relative to other datasets?

What type of particle morphology is of interest and why?

How much volume of environmental media should be sampled?

P

Hydrological (e.g., currents, tides), geological (e.g., study area bathymetry), meteorological (e.g.,
storm events, wind), biological (e.g., ingestion, excretion), and anthropogenic (e.g., loadings
from land-based activity) factors play into the transport, accumulation, and concentration of
microplastic debris in water and sedimentary environments (Campanale et al., 2020, Lofty et al.,
2023, Miller et al., 2020). Consideration should be given to these factors and the questions like
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the ones posited by Miller et al. (2020) in the design of microplastic surveys as they could affect
site, sampling strategy, and sampling method selection.

4.2 Field Sampling Design Considerations
4.2.1 Study Area Selection

Researchers should choose study and reference sites related to one another and representative of
information they want to understand. For instance, studies designed to gain information on
microplastic deposition in seagrass meadows may opt for reference sites in areas of bare
sediment adjacent to study sites with seagrass. Ease of access (e.g., areas navigable with
equipment accessible to researchers) to the sampling site and the ability to leverage resources
and other sampling efforts should be considered as well. Additional work and resources may be
necessary to access typically inaccessible sites. For example, the approval of facility staff may be
necessary for wastewater sample collection (Miller et al., 2020).

Natural and nearby anthropogenic factors (e.g., nearby wastewater treatment facilities, dense
human population) can influence the fate, distribution, and abundance of microplastic debris in
aquatic and sedimentary study areas and should be considered in the sampling site selection
process. The physicochemical properties (e.g., shape, size, density) of microplastics themselves
can also influence their fate in the environment (Stock et al., 2019). Miller et al. (2020) states
that sample sites should be chosen such that the natural and anthropogenic conditions affecting
them are able to be observed and categorized by researchers.

4.2.1.1 Considerations for Water Sampling Study Area Selection

Differences in the distribution of microplastic debris in water environments may provide insight
on potential sampling site locations for researchers. Campanale et al. (2020) stated that due to the
“minimal size, weight, and relative density” of microplastic debris, it is often found floating on
the water surface and secondly, below in the water column. Due to the difference in density
between fresh and marine water, it is expected that microplastic debris will occur deeper in the
water columns of freshwater systems than in marine systems (Campanale et al., 2020, Correia
Prata et al., 2019). As microplastic distribution throughout a water column varies, using an
integrated vertical profile scheme (sampling from the top of the water column to the bottom) for
sampling over sampling at specific depths could provide a more complete representation of the
particles present. It is possible that freshwater systems are more highly polluted by
anthropogenic factors than coastal or open marine water systems due to differences in dynamic
conditions (Liu et al., 2020). Microplastic fate and distribution in marine and freshwater
environments is not yet well understood. Rios and Balcer (2019) state that microplastic debris in
the water column is not uniform in its distribution (vertically or horizontally) and that “their
abundance will decrease at greater distances from the source of their introduction” while Liu et
al. (2020) reports that one study in its review found elevated microplastic abundances in the
subsurface layer in sampling locations further away from the coast. Researchers interested only
in characterizing the types of microplastic debris in a study area might establish sampling sites
where surface water sampling is easily accessible.
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4.2.1.2 Considerations for Sediment Study Area Selection

Benthic sediments, shorelines, and habitats like coastal wetlands and seagrass meadows are
environments that experience microplastic contamination and are sometimes considered “sinks”
(Ouyang et al., 2022, Razeghi et al., 2021, Unsworth et al., 2021, Wang and Wang, 2018).
Underwood et al. (2016) reports that sediment concentrations of microplastics correlate
positively with outfall proximity, areas of commercial activity, and highly populated areas. The
distribution of microplastics in sediments is typically uneven and is largely influenced by the
properties of the particles and dynamic environmental factors, such as winds and currents
(Correia Prata et al., 2019). Sediment sampling on beaches and shorelines can be done just
underwater, along maximum tide lines or swash zones, mid-beach parallel to the water, in back-
beach ditches, and trenches, and upper-beach zones, all noted areas of microplastics
accumulation (Campanale et al., 2020, Hidalgo-Ruz et al., 2012). Microplastic pollution is
typically more abundant in subtidal sediments compared to beaches and estuarine habitats
(Hidalgo-Ruz et al., 2012). Researchers should make note of sampling conditions (e.g., current
weather, catchment conditions, potential nearby sources) and whether a sediment sampling site
occurs in an erosional or depositional area (Miller et al., 2020). Uhrin et al. (2022) include
recommendations for shoreline (beach) sampling design and reporting metrics including the
recommendation that shoreline monitoring be limited to macrodebris.

4.2.1.3 Considerations for Biota Study Area Selection

Sites for biota sampling should occur in areas where targeted species are known to occur.
Feeding habits, the distribution of microplastics through the water column, trophic levels are a
consideration in selecting target species for sampling. For example, sediments accumulate
microplastic debris and are the habitat of benthic organisms (Hermsen et al., 2018, Razeghi et al.,
2021). Studies reviewed expect filter feeders and pelagic species to ingest smaller, low-density
particles (e.g., fibers) near the water surface and benthic feeding fish to ingest denser, larger
microplastics from sediments as they forage due to how particles tend to settle through the water
column (Dai et al., 2018, Hermsen et al., 2018, Miller et al., 2020). Bos et al. (2023) found that
the ingestion of microplastic particles from the water column by nonmigratory crustaceans and
migratory fish species in the Gulf of Mexico increased with depth. Brander et al. (2020) suggests
collecting individuals from several locations within a study area to “create a composite or
average internalization count for that location. Thoughts on the use of species as bioindicators
for microplastic pollution varies. In its own biotic microplastic concentration study, Pequeno et
al. (2021) reports that microplastics were found in mussels (M. galloprovincialis), clams (S.
plana) and, polychaetes (M. sanguinea) in accordance with other studies and that these species
could be used as microplastic pollution bioindicators in estuaries and coastal waters while
Mladnich et al. (2023) found that oysters selectively ingest microplastic particles and may not
make good bioindicator species.

4.2.2 Sampling Methods

Microplastic sampling methods and schemes for water, sediment, and biota are described in
detail in Section 3. Considerations beyond the information provided in Section 3 that could
impact study design are detailed below.
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4.2.2.1 Considerations for Water Sampling Methods

Net Mesh Size Discussion

The abundance and size class of microplastics
collected from filter sampling is directly related to
the net mesh sized used and should be considered
when designing sampling plans (Wang and Wang, . :
2018). Murphy and Flippin (2021) note in the giving resource constraints.
Uniform Size Classification and Concentration Unit
Terminology for Microplastics: Broad Application
in the Chesapeake Bay Watershed guidance that during a NOAA organized international
research workshop on microplastics, it was acknowledged that 333 um was a practical lower
boundary for microplastic size due to sampling equipment limitations. Several papers reviewed
noted the efficacy of different mesh sizes used for nets or trawls during water-based microplastic
sampling. Generally, larger mesh sizes (e.g., 330 um) could result in undercounts of
microplastics in samples due to smaller sized microplastics (e.g., fibers) passing through the
mesh (Hidalgo-Ruz et al., 2012, Liu et al., 2020). Finer or smaller mesh sizes can retain more
microplastic debris during sampling and are able collect debris from a greater number of size
classes as smaller debris (e.g., fibers) is able to pass freely through larger sized mesh, potentially
providing a more representative sample (Hung et al., 2021, Stock et al., 2019, Wang and Wang,
2018). Lindeque et al. (2020) found that using smaller sized meshes (e.g., 100 um) as opposed to
larger sized meshes (e.g., 500 pum) could lead to a “ten-time higher abundance” of microplastic
particles. Researchers extrapolated this study’s data using a power law to estimate the number of
microplastics that could possibly be sampled by smaller mesh sizes (Lindeque et al., 2020;
Figure 4). While nets with finer mesh can retain more microplastics from smaller class sizes,
they are more prone to being clogged by debris, thereby decreasing the volume of water that
passes through (Lenz and Labrenz, 2018, Stock et al., 2019, Wang and Wang, 2018). Emptying
clogged nets may cause time or resource constraint issues during sampling and the use of

different mesh sizes in the sampling effort may make comparing results difficult (Zobkov and
Esiukova, 2018).

333 um sized mesh are preferred for
sampling requiring the use of nets
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Microplastic concenrtration (microplastics m?)

Net size (um)

Figure 4. Extrapolation of microplastic concentrations (logarithmic scale) based on samples collected using nets with 100, 333,
or 500 micrometer mesh (black dots), using a power law (black link); 95% confidence intervals shown with dotted red lines
(Lindeque et al., 2020)

Equipment Comparison

Several papers reviewed commented on the efficiency of

different methods for sampling microplastics in surface
water and the water column. Researchers should consider
what sampling equipment will result in a representative
sample based on research interests and questions. Two

Grab sampling and neuston net
towing are the most efficient
methods for water sampling.

papers found that discrete pump sampling is more
accurate with respect to volume measurement than
sampling by trawl (Karlsson et al., 2020, Razeghi et al., 2021). In-situ pump sampling, though,
may be suited for sampling in highly contaminated areas due to the spatial variability of
microplastics in water (Razeghi et al., 2021). Barrows et al., (2017) compared surface grab
sampling and neuston net towing (335 um mesh size) and found that grab sampling collected
“over three orders of magnitude more microplastic per volume of water” but that small volumes
of water sampled could result in variability among samples. The paper notes that grab sampling
can capture smaller-sized microplastics as compared to net sampling.
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Nets and trawls sample higher volumes of water compared to pump and grab sampling (Karlsson
et al., 2020). Razeghi et al. (2021) reports that larger areas of water sampled by volume-reduced
trawl and net sampling methods reduce the “patchiness” of sampling with respect to the
abundance and size-classes recovered and spatial variability of water-based microplastics. The
study posits that nets alone might fail to give an accurate representation of microplastic pollution
in a study area because they do not retain smaller microplastics (e.g., fibers). Several papers
reviewed suggest that a combination of volume-reduced net sampling and bulk sampling can
provide a more comprehensive representation of microplastics in the water environment
(Barrows et al., 2017, Liu et al., 2020, Razeghi et al., 2021).

4.2.2.2 Considerations for Sediment Sampling Methods

Wang and Wang (2018) caution that contamination and
under- and overestimation can occur in beach sediment
sampling. Sampling results will be dependent on the
sampling area and may reflect an uneven distribution of
microplastics within sediments. Sampling for microplastics
in areas where accumulation is known to occur, like high
tide lines, may result in overestimation of microplastics
(Correia Prata et al., 2019). The top 5 cm of beach and subtidal sediments are most likely
representative of recent conditions due to dynamics like erosion, deposition, and seasonal
variation and that microplastics can be buried deeper and may accumulate over time in
permeable sands in “similar ways as sediment particles and particulate organic matter” (Hidalgo-
Ruz et al., 2012, Miller et al., 2020). Turra et al. (2014) found microplastic particles in beach
sediment as deep as 2 meters with “surface layers accounting for <10% of the total abundance in
the sediment column”.

Generally, the top 5 cm of
beach and subtidal sediments
are preferred for sampling.

4.2.2.3 Considerations for Biota Sampling Methods

Biota sampling methods and equipment depend on the target species and its habitat (e.g., range,
depth); for instance, it makes sense to capture nearshore fish species from the shore using a gill
net and that “mesh size used will influence the life stage of individuals collected” (Hermsen et
al., 2018). The application of specific sampling equipment and methods in different aquatic
environments is suggested in Brander et al. (2020); seine nets, gill nets, and plankton tows for
small organisms from the water column; cast or dip nets at the surface; and baited traps for larger
organisms near the coast. For offshore sampling, hook-and-line fishing, manta, plankton, and
bongo nets can be used. Bivalves and other immobile organisms can be collected by hand. For
comparison between organisms and locations, it can help to target “individuals of standard
weight and length” (Miller et al., 2020).

4.2.3 Sample Timing and Frequency

Differences in season (e.g., wind conditions, flow regimes,

When resources allow, precipitation) influence the distribution of microplastics in
seasonal sampling of water and sediment environments and should be considered
microplastics is preferred. during sampling. Campanale et al. (2020) suggests repeating

sampling at different times throughout the year to capture
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seasonal differences in the concentration of microplastics in water. Miller et al. (2020) found
higher concentrations of microplastics in water-based samples after rain events. Little is known
about the effect of temporal and spatial factors in the concentrations of microplastics found in
organisms. To collect “balanced data,” its suggested that biotic sampling occurs at several
different times (e.g., consider the time of day that species exhibit high activity levels) and
locations (Brander et al., 2020, Underwood et al., 2016).

4.2.4 Sample Size and Volume
4.2.4.1 Water Sampling

Water sampling volumes will vary when using net, trawls,
pumps, or when collecting grab samples. With trawls and
nets, electronic flowmeters attached to the net opening can
record the volume of water filtered. In the absence of a
flowmeter, the water volume sampled can be calculated by
measuring the area of the mouth of the net used and the
distance covered during the tow and using the equation in
Section 3.2.1.1. Hung et al. (2021), used a 10 L bulk water sample filtered through a pump.
Often, 1 L bottles are used to collect grab samples, but using larger grab sample volumes may
help overcome background contamination (Barrows et al., 2017, Miller et al., 2020).

1 L glass bottles are cost
effective and provide adequate
data for grab samples.

4.2.4.2 Sediment Sampling

The size and volume of sediment samples depend on the depth and area dictated by the study’s
research interests. Two papers reviewed listed that within studies they reviewed, sediment
samples weighed between 0.025 and 10 kg and sample volumes were between 0.05 to 8 L
(Correia Prata et al., 2019, Hidalgo-Ruz et al., 2012).

4.2.4.3 Biota Sampling

Oversampling is recommended, when possible, to be able
to assess statistical differences, reduce bias, and to replace
damaged individuals (Lusher et al., 2017, Miller et al.,
2020). Sample size suggestions vary amongst studies —
Miller at al. (2020) suggests considering the minimum
sample size for statistical analyses when sampling for biota;
smaller sample sizes may be efficient for populations with higher instances of particle ingestion
and vice versa for populations with lower instances of particle ingestion. Hermsen et al. (2018)
states that a “suitable sample size includes 50 individuals per research unit (species, food web,
ecoregion, feeding type, etc.) is required” for biota samples as suggested by both the
International Council for the Exploration of the Sea ICES and the European Strategy Framework
Directive’s Technical Subgroup on Marine Litter. The sample size of 50 individuals was
arbitrarily chosen because “no clear indication of the true ingestion incidence of microplastic by
biota can be estimated”.

Oversampling for biota is
recommended.
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4.3 Reporting

As microplastic research is a relatively new effort, uncertainty, and lack of standardization in
reporting and sampling methods across field environments is noted by several studies as a
limitation to “determination of the density, size distribution, and composition of microplastic
particles” in the environment (Correia Prata et al., 2019, Lofty et al., 2023, Rios and Balcer,
2019). Lofty et al. (2023), for example, notes that lack of standardization in microplastic
sampling approaches in riverine environments makes understanding microplastic behavior in
these systems difficult and developed ten criteria with which to review “comparable” research
(Figure 5). Choice of reporting unit will depend on the research questions. For example, Murphy
et al. (2021) states that “number of particles per unit area is appropriate when measuring impact
on respiration” since gill area is an important factor in gas exchange. Further, Murphy et al.
(2021) states that “volumetric estimates are more appropriate for gastrointestinal studies since
‘food’ is more biologically relevant when measured by volume (although number of particles can
also be relevant when assessing ingestion effects).” Regardless of the field sampling plan
developed, good reporting and detailing critical aspects of the sampling effort (e.g.,
meteorological conditions on each day of sampling, equipment used, volume of water sampled)
should be considered to create comparable reporting across data and research efforts. To help
increase the reproducibility and comparability across microplastic research, Cowger et al. (2020)
developed a “Reporting Guidelines Checklist” of components to be reported. Enough
information from the sampling process should be reported so that results are able to be converted
into other common units. Consider including particle counts, particle size measurements, total
mass, and total volume when possible. Miller et al. (2020), for example, suggests reporting
sediment water content and the sampled surface area for conversion into counts for dry and wet
mass and surface area. Reporting should also include potential sources of contamination during
sampling and efforts taken to reduce contamination during sampling.
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Figure 22. Visual depiction of criteria used by Lofty et al. (2023) to review microplastic sampling literature.
4.3.1 Water

The concentration of microplastic particles is suggested to be reported in units comparable to the
original sample size — bulk samples in L' and net or trawl samples as m™ (Rios and Balcer
2019). For common mass and abundance per sample, units can be expressed in grams/m?,
items/m?, and items/volume (m~) (Hidalgo-Ruz et al., 2012, Karlsson et al., 2020, Lofty et al.,

24



2023, Murphy and Flippin, 2021, Razeghi et al., 2021). In their study, Campanale et al. (2020)
include JPI Oceans’ proposed reporting units as follows:

Particles/area (# particles/km™ or /m)
Particles/volume (# particles/m™ or L)
Mass of Particles/area (g MPs/k? or /km)
Mass of Particles/volume (g MPs/L™! or /m™)

4.3.2 Sediment

Reporting dry weight in addition to any wet weights is recommended to help in comparison
amongst studies and sampling events. Reporting abundance in sediments often occurs as
particles per unit wet or dry weight (g, kg), area (m?), or volume (ml, L, m*) (Correia Prata et al.,
2019, Hidalgo-Ruz et al., 2012, Murphy and Flippin, 2021, Razeghi et al., 2021, Wang et al.,
2020). Campanale et al. (2020) includes JPI Oceans’ proposed sediment reporting units as
follows:

Particles/area (MPs/km™ or /m™)
Particles/volume (MPs/m™ or L)
Particles/mass (MPs/kg™! dry sediment)

Mass of Particles/area (g MPs/km™ or /m2)
Mass of Particles/volume (g MPs/L™! or /cm™)

4.3.3 Biota

Common units of reporting microplastics in organisms include particles/weight of organism,
particles/individual, and percentage of individuals containing ingested particles (Murphy and
Flippin, 2021, Wang and Wang, 2018).

4.4 Quality Assurance and Quality Control

Quality assurance and quality control (QA/QC) measures taken during the field sampling process
increase the reliability of the sample and allow for the assessment of variation in analyses to
“determine whether the differences observed in the field are statistically significant or a
reflection of variation in collection and analysis” (Miller et al., 2020). Brander et al. (2020)
provides a guide of QA/QC considerations for microplastic research that should be determined
before a study begins (Figure 6).
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Figure 23. QA/QC considerations for microplastics research. Boxes above the dashed line indicate items to consider that are
based on matrix and analysis (Brander et al., 2020)

Common field QA/QC measures include limiting sample contamination from sampling
equipment (e.g., using non-plastic equipment, cleaning/rinsing equipment before use) and the
environment (e.g., immediately sealing samples in glass jars or airtight covers) (Campanale et
al., 2020, Stock et al., 2019). Contamination during the sampling process is common and could
lead to overestimation of microplastics in a sample (Watkins et al., 2021; Figure 7). Several
studies spoke to the need for researchers to collect sample blanks alongside field samples to be
able to evaluate and correct for sample contamination (Campanale et al., 2020, Hidalgo-Ruz et
al., 2012, Miller et al., 2020, Stock et al., 2019, Watkins et al., 2021, Zobkov and Esiukova,
2018). Blank samples may be used to set a limit of detection (LOD) or method detection limit
(MDL) and a limit of quantification (LOQ) (definitions of which should be included in a study’s
QA/QC plan) that can be applied to account for sample contamination, suitability of sample
sizes, and the quantification of microplastics in different environments, for example (Brander et
al., 2020). The successful application of LOD and LOQ to microplastics requires steps to
differentiate between sample types (e.g., color, side, composition). Brander et al. (2020) reports
that LODs are “equipment and operator specific” and that “the most accurate procedure for
correction for contamination” isn’t yet developed.

Another QA/QC measure mentioned by several papers is the collection of replicate field samples
to provide more statistically robust and reliable data (e.g., better representation of microplastic
distribution in an environment due to distribution variability) (Karlsson et al., 2020, Miller et al.,
2020, Razeghi et al., 2021, Wang and Wang, 2018). Field blanks and replicate samples should be
taken in the same manner and in the same conditions as field samples. Miller et al. (2020)
suggests collecting at least one field blank and replicate for every ten field samples until the
sources of microplastic contamination within a study area are better understood.
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The number of replicate samples needed for a basin-wide trend assessment may be determined
through the use of power analysis and will depend on the level of detectable change that is
desired and the acceptable error rate (Ribic and Ganio, 1996) and also the number of resources
available to conduct the surveys. The spatial resolution will be a 100-m length of shoreline at
each survey site. A complete discussion of power analysis and its application for sampling the
NPO is beyond the scope of this paper (see Quinn and Keough, 2002).

Sampled Waterbody
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Figure 24. Diagram of pathways that may lead to overestimation or underestimation of particle concentrations in a sample
(Watkins et al., 2021)
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Introduction

Microplastics are an emerging contaminant of concern worldwide, particularly in aquatic
ecosystems. Microplastics are an environmental contaminant made of polymer particles under 5
millimeters (mm) in size (EPA, 2021, Murphy and Flippin, 2021). EPA Beach Protocol states
that “plastic fibers smaller than 5 mm in width but larger than 5 mm in length are also considered
microplastics” (EPA, 2021). The potential human health and environmental impacts of plastic
pollution is an active area of scientific research. The potential impacts on aquatic resources and
the food chain could have wide-ranging impacts, from a decline in fish populations to economic
impacts. The environmental concerns commonly associated with microplastics are that of
contamination (i.e. microplastic pollution) present in either the water or sediment of an aquatic
environment. In addition, native biota exposed to plastic particles have been found in numerous
studies to be a reliable indicator of microplastic pollution in a given environment. Microplastic
particles in the environment lead to microplastics in the food web, either by predation or
incidental ingestion. To date, there are not universally accepted methods for laboratory analysis
of microplastics samples. This reference guide summarizes the literature that was previously
reviewed and makes recommendations for laboratory analysis methods that could be used in the
Chesapeake Bay region. Due to the ubiquity of plastics in the environment (e.g., clothing,
construction, litter), quality control and quality assurance protocols are a requirement to
determine true microplastic environmental loads versus contamination.

Literature Review

A review of the literature publicly available pertaining to the laboratory analysis of microplastic

EEAN1Y

samples was conducted. For this review, the keywords “microplastic analysis”, “microplastic
analysis methods”, “microplastic laboratory methods”, and “microplastic separation” were
searched for in Google Scholar and the Society of Environmental Toxicology & Chemistry
(SETAC) journals. The abstracts of all papers were reviewed, with 38 studies found with useful
information about laboratory analysis of microplastics. All the studies deemed to contain
relevant information were conducted between 2012 and 2023, and all detailed analysis methods

used for finding microplastics in various sample media, including water, sediment, and biota.

This reference guide will focus on microplastics analysis from 3 sample types: water (marine and
freshwater), sediment, and biota. Table 2-1 below summarizes the literature reviewed for each
sample type.

Sample Media Type | Number of Studies
Freshwater 16
Marine Water 7
Sediment 19
Biota 9

Table 2-1. Summary of literature with information grouped by sample media type.
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Common Analytical Methods

Digestion

Enzymatic digestion
produces excellent
results although at a
slightly higher cost.

Typically, the first step in microplastics analysis when a sample has

organic material present (i.e. debris, plankton, algae, biological

tissue, biofilms, or sediment) is to perform a digestion of that
material to initiate separation of the microplastic particles. Though
often, it is common for sediments to be sieved first to remove the
organic and mineral matter that is not in the size fraction of interest.
A number of different reagents are commonly used for digestion of

organic material including nitric acid, hydrochloric acid, sodium
hydroxide, potassium hydroxide, and hydrogen peroxide. In addition, some have used enzymatic
degradation, which has shown excellent organic removal efficiency, but comes at a higher cost
and significantly increased processing time (Campanale et al., 2020). A comparison of various
organic digestion reagents, sourced from Campanale et al. (2020) is presented as Table 3-1. The
table summarizes costs, hazards, pros, and cons of each approach. Note that Karr et al. (2020)
also provide a comparison of organic digestion reagents. They found that although nitric acid
was effective as a digestion treatment, it was determined to be the least compatible of the
methods evaluated. As with Campanale et al. (2020), Karr et al. (2020) found that an enzymatic
digestion was effective and produced favorable results with respect to compatibility with plastic
polymers. Careful consideration should be given to the cons of each digestion method presented
in Table 3-1 prior to selecting a reagent which best suits a study. Most methods run the chance of
degrading certain types of polymers when using stronger digestion protocols.

Table 3-2. Summary table sourced from Campanale et al. (2020) comparing the reagents

commonly used to digest organic material in microplastic samples.

Reagents Method Costs Hazard Pros Cons
3 ) - g z S
. 20 ml. of HNO3 (22.5 M), 2 h heating (~100 $38.00 Oxidiser, e - Possible degradation of PS,
HNO, Py . . g . Efficient in organic digestion PA, and PE,
- “C), hot fltration (~80°C) for 1L corrosive L o .
makes the plastic yellow
, 3 Efficient in
HCI 4 mL of HCl at 20% ﬁf‘l”;] L“”t“"”‘ffl'ij‘“‘“ organic digestion (82.6%) of  Degradation of polymers
: . oy complex matrices (clams)
Digestion efficiency up to 90%, . .
. . - 3 - . . F ! S
NaOH 20 ml. of NaOH (10 M) at 60 °C for 24h Joaen Corrosive stimulated by the fise of Degradation of
‘ & malarity and temperature ’
Requires lots of time,
20 mL of KOH (1 M) at 18-21 °C for two $8572 Corrosive, Good organic degradation of some
KOH - . . S pelymers as cellulose
days for 1 kg irritant digestion efficiency M
- ’ - acetate and some
biodegradable plastics
O 20 mlL H;0; at 30% plus 20 ml of FeSOy * $27.67 Corrosive, Effcient in oreanic disestion At h;*’:h]‘;:‘f::;f“'“”
S 7H,O (0.05 M) at 70 °C in stirring for 1L harmful “haentm efame geshe ol ceprace
= the polymers
Protease A-011 kg
5 mL of Protease A-01 + 25 mL of TrisHCl $48.34;
) of Lipase FE- 5ml ipase FE-O 4 - . . . .
Cellulase, lipase, b\._d’-ﬁ_r. 1 ml of [:pau_ FE-01 j"zj ml. of Lipase FE-0T Tkg Good inorganic and biological y - .
chitinase, protease Tris-HCl buffer; 5 mL of Amylase TXL + $48.34; No danger material digestion; does not Expensive, requines
™ 25 mL of NaOAcbuffer, 1 mL of Cellulase  Amylase TXL 1 Kg & et e e lots of time
P TXL + 25 mL of NaOAc buffer; 1 mL of $36.50; poymes
Chitinase + 25 mL of NaOAc buffer Cellulase TXL 1 kg
$43.95
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Although not included on Table 3-1, a digestion option tested by Enders et al. (2017) should be
considered when biological material needs to be removed. Their study indicated that an alkaline
treatment consisting of a combination of KOH with NaClO was effective at dissolving fish
stomachs with limited effects to microplastics in the samples. Their study also confirmed
polymer degradation when using KOH alone as indicated in Table 3-1.

Digestion of organic matter in microplastic samples is most often conducted by first rinsing the
sample container into a fine metal sieve, and then back rinsing the sieve with the sample into
either a glass beaker, or glass storage jar. The pore size of the sieve used should be smaller than
the target minimum plastic particle size for a given study. The goal of this step is to remove any
sample liquid so that the digesting reagent will make up the volume in the glass digestion jar.
Figure 3-1 shows the digestion process taking place with two different reagents.

Figure 3-1. On the left, glass jars digesting in 10% Potassium Hydroxide under a fume hood,
and on the right a digestion using hot nitric and hydrochloride acids (photo from Campanale et
al. (2020))

Depending upon which digestion method is chosen, the digestion process can take up to a few
days and may require extended heating of the sample. Efforts should be made to avoid using
plastic components while digesting the sample (i.e., glass containers, metal or brightly colored
cotton container lids, metal sieves) to avoid plastic contamination in the laboratory.
Recommended methods to avoid plastic contamination of the sample are detailed in sections 4-1,
4-2, and 4-3, below.



Tt

Density Separation

After the organic matter is digested from a sample, typically

It is recommended to use a the next step in the process is to separate the plastic
hypersaline solution for density ~ Particles from the digested solution. Because plastic
particles are less dense than most of the constituents of
water, sediment, or biotic samples, the plastic can be
separated from the rest of the sample by increasing the
buoyancy of the sample solution. Coppock et al. (2017)
presents a detailed table (Table 3-2 below) depicting the
different floatation media and extraction techniques commonly used.

separation due to lower cost
and safety concerns.

Table 3-3. Summary table sourced from Coppock et al. (2017) comparing the common methods
used for density separation of microplastics in samples.

Floatation extraction technique Floatation media Repetitions MNo. Sediment type  Efficiency Size
steps
Decanting MNaCl; Mal 2-5 1 Fine {estuary)  35% (pers. <1 mm
Coarse (beach) obs.)
Modified decanting NaCl; Nal; Zn(Cl» 1-2 1-2  Fine (river; 99%; 1-
mangrove) 40-72% 5 mm
<1 mm
Elutriation, aeration & centrifuge H0; NaCl; Nal; 1 = NaCl 2 Coarse (sand) 97 -98% <1 mm
elutriation
3 x« Nal
centrifuge
Aeration & ball valve ( MP5SS) ZnCls 1 1 Fine (river) 100% 1-
96% 5 mm
<1 mm
Froth floatation Pine oil, froth conditioner, 1 1 Fine (river) 55% 1-
dishwasher tablet 5 mm
Air-induced overflow, oxidation NaCl; Nal 5 3 Coarse(beach) 68-99% 1 mm
& decanting
Separation funnel NaCl 2 2 Coarse (beach) B80-100% 1 mm
Pipetting & decanting CaCly 1 Coarse (beach) 55% <1 mm
Overflow Mal; NaCl 3 1 Fine (sound ) 48% <1 mm

In most studies, some form of salt is used as a floatation media to increase the buoyancy of the
sample solution. The sample would be poured through a small sieve (same pore size used in the
digestion process) and back-rinsed into a glass container using the saline solution mixed for the
density separation. It is commonly accepted that to separate microplastics from sediment and
organic material a saline solution should have a density greater than 1.4 g/cm™ (Prata et al.,
2019). Sodium chloride (NaCl) is the most commonly used salt for separation of microplastics
because it is safe, easy to acquire, and budget friendly (Prata et al., 2019).

Once the sample is placed into the saline solution it is agitated using a glass or metal magnetic
stir bar, aeration, or elutriation to dislodge the plastic particles from any material in the sample,
causing them to float to the surface. After some period of agitation, samples are left to settle,
allowing the organic matter and sediment to fall to the bottom and leaving the plastic particles
floating on the surface (Figure 3-2). Efforts should be made to avoid using plastic components
while agitating the sample (i.e. glass containers, glass stir bars, metal sieves) to avoid plastic
contamination in the laboratory. Recommended methods to avoid plastic contamination of the


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C31&q=A+small-scale%2C+portable+method+for+extracting+microplastics+from+marine+sediments&btnG=
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sample are detailed in sections 4-1, 4-2, and 4-3, below. In addition, care should be taken when
selecting a floatation media, as some salts can contain microplastic particles. It is recommended
that saline solution blanks be analyzed prior to performing a density separation to help establish
a baseline contamination level in your floatation media (Barnes et al., 2024).

Figure 3-2. Density separation process example on a magnetic stir plate covered with a glass
beaker and then separated using glass funnel (photo on right from Masura et al. (2015))

After settling of the saline solution has finished, the sample is decanted so that the overlying
water, containing the floating plastics, is separated from the organic and sediment debris. In
order to account for plastics which might be incorporated into the organic and sediment debris
(the denser fraction), Barnes et al. (2024) describe a process they used to density separate dried
biofilm samples and count microplastics from both the denser and less-dense sample fractions.
Density separation involved combining samples with a saltwater solution, shaking, and vacuum
filtration. The denser materials settled from solution, were collected into an aluminum container,
dried, and observed using a dissecting microscope at 35x magnification. The less dense fractions
were observed by dissecting microscope on the filters used for vacuum filtration (Barnes et al,
2024). This approach helps guard against not counting microplastics that might be removed with
the denser materials. As sample processing for microplastics continue to develop consideration
should be given to each sample fraction that might contain plastics.

Filtration

Often when analyzing microplastic samples consisting of water only, sieving and/or filtration are
the only steps needed to isolate plastic particles. If a sample required a digestion step or density
separation, the remaining decanted sample is typically filtered to further isolate the remaining


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C31&q=Laboratory+Methods+for+the+Analysis+of+Microplastics+in+the+Marine+Environment%3A+Recommendations+for+quantifying+synthetic+particles+in+waters+and+sediments&btnG=
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plastic particles from the bulk water sample or remaining supernatant from the saline solution.
Figure 3-3 below demonstrates the recommended microplastic filtration apparatus. All
components are made of glass, metal or rubber to avoid plastic contamination in the laboratory.
Recommended methods to avoid plastic contamination of the sample are detailed in sections 4-1,
4-2, and 4-3, below.

Figure 3-3. Filtration of a microplastic sample after density separation (photo from Ribo et al.
(2021))

Glass fiber style filters are most often used for filtration of microplastic samples, though in some
studies nitrocellulose, polycarbonate membranes, zooplankton filters, and iso-pore filters have
been used successfully (Wang and Wang, 2018). The pore size used to filter the sample through
can be variable but should be small enough so that the targeted minimum plastic particle size will
not pass through, but large enough to not clog when filtering the sample. If the plastic in the
sample has been isolated well and is in a clean saline solution from a density separation, a finer
pore size can be used during filtration. Complications during filtering can arise if the sample
liquid contains microscopic particles or debris, which will clog the filter and lower its
effectiveness (Wang and Wang, 2018). The most commonly used filters for microplastic analysis
have a pore size ranging from 0.45 um to 20pm (Wang and Wang, 2018).

|dentification

After a microplastic sample has been isolated, the plastic particles are usually identified and
counted. There are various methods used for this process. Table 3-3 is sourced from Li et al.


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C31&q=Microplastics+contamination+in+Queen+Charlotte+Sound%2FT%C5%8Dtaranui+marine+sediments&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C31&q=Microplastics+contamination+in+Queen+Charlotte+Sound%2FT%C5%8Dtaranui+marine+sediments&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C31&q=Investigation+of+microplastics+in+aquatic+environments%3A+An+overview+of+the+methods+used%2C+from+field+sampling+to+laboratory+analysis&btnG=
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(2018) and provides a comparison of advantages and limitations of some of the common
methods used to identify microplastic particles.

Visual Methods

The most straightforward and widely used method of identifying
microplastics is manually counting and describing them under a Given adequate resources,
stereomicroscope (Li et al.. 2018). Figure 3-4 shows examples of  spectrographic analysis is
plastic fibers, chunks, and orbs of various colors as seen under a
stereomicroscope. Visual counting has its disadvantages though,
as plastic particles can at times be difficult to distinguish from
residual organic matter. In addition, as noted in Li et al. (2018), visual counting has been found
to have significantly high error rates, especially when accounting for smaller particle sizes. If
resources allow, identification by spectroscopic methods, especially for smaller particles is
encouraged.

recommended.

Figure 3-4. Isolated microplastic particles on a glass fiber filter under a stereomicroscope.

Spectroscopic Methods



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C31&q=Investigation+of+microplastics+in+aquatic+environments%3A+An+overview+of+the+methods+used%2C+from+field+sampling+to+laboratory+analysis&btnG=
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After stereomicroscope counting, Fourier transform infrared (FTIR) spectroscopy and Raman
spectroscopy are the most commonly used methods to identify microplastics (Cowger et al.,
2021; Li et al., 2018). Scanning electron microscopy (SEM) can be coupled with spectroscopy to
analyze and identify microplastic particles; however, this approach is relatively time consuming
and expensive (Huang et al., 2023; Mariano et al., 2021). Many researchers visually sort and
count plastic particles using a stereomicroscope and then use either FTIR or Raman spectroscopy
to confirm and identify the polymers found. Identification of sample material is accomplished by
matching the spectral output using a reference library. Commonly used free spectral reference
libraries for microplastic identification include the following:

e Open Specy — Free and open source library — https://openanalysis.org/openspecy/

e SiMPle — Free to use and offers advanced analysis tools — https://www.simple-
plastics.eu/

e SLoPP & SLoPP-E (Raman) and FLOPP & FLOPP-e (FTIR) — Free and open-access —
https://rochmanlab.wordpress.com/spectral-libraries-for-microplastics-research/

A number of spectral processing products are available for purchase. However, they may be
limited in that they were not developed for microplastics identification and in particular may not
be capable of identifying weathered plastics (Cowger et al., 2021).

FTIR and Raman spectroscopy identification methods offer the key advantage of being non-
destructive approaches (ITRC, 2023). FTIR spectroscopy has been found to be fast and reliable.
It has a large and established database of plastic polymers and can be used to analyze particles
greater than 20 pm. FTIR analysis has difficulties identifying particles which are non-transparent
or dark colors, however Raman spectroscopy is better able to identify these (Li et al., 2018). In
addition, Raman analysis is the only method able to identify plastics with a size range of 1 um to
20 um (L1 et al., 2018). Once plastics have been identified and counted, both FTIR spectroscopy
and Raman spectroscopy can be used to provide complementary information about the
microplastic samples. Huang et al. (2023) provides a more in-depth discussion of spectroscopic
methods.

In addition to the spectroscopic methods listed in Table 3-3, another approach that shows
promise for analyzing microplastics is laser direct infrared (LDIR) spectroscopy. Whiting et al.
(2022) describe their evaluation of LDIR using samples from urban creeks near Cincinnati, OH.
In their experience, LDIR was capable of characterizing microplastics by shape, size, and
polymer type comparable to results obtained by FTIR or Raman spectroscopy. LDIR offers a
high thru-put option that could be better suited for large-scale monitoring.

Chromatographic Methods

Polymer type can also be identified by means of chromatographic methods such as liquid
chromatography and thermoanalytical techniques such as pyrolysis; however, these processes
depend upon degradation of the sample particle. Thermoanalytical methods offer the advantage
of analysis of additives and other compounds that might be associated with the sample particle
(Liet al., 2018). Davey et al. (2023) describe the thermal desorption and pyrolysis gas
chromatography mass spectrometry (TD-Py-GCMS) method they used to analyze samples from
a tributary of the Anacostia River. The samples were first heated in the pyrolysis unit to desorb

10
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additives and adsorbed organic materials without destroying the polymeric particle. In a
subsequent step, the microplastic particle was exposed to greater temperatures and fully
degraded. This approach allowed for identification of additives and polymers.

11



Table 3-4. Summary table sourced from Li et al. (2018) comparing the commonly used
identification methods used for analysis of microplastics

Methodology

Particle Size by different
analytical methods

Advantages

Limitations

Other Methods

Method
Visual Method Microscopic
Counting
Spectroscopic FTIR
Method
Raman
Spectroscopy
Scanning
Electron
Spectroscopy

Chromatographic Thermo-

Method analytical
methods such as

pyrolysis GC/MS

Liguid
Chromatography

Tagging Method

Pretreated samples are
identified by microscopy. The
particles are counted directly.

Samples are subjected to
infrared radiation with defined
range and the excitable
vibrations depend on the
composition and molecular
structure of a substance. Plastic

polymers have highly specific IR

spectra with distinct band
patterns.

The interaction of the irradiated Microscopy coupled Raman

laser light with the molecules

and atorms of the sample results suitable for particles size = 1

in differences in the frequency

of the back-scattered light when available for particles falling in

compared to the irradiating
laser. The Raman shift can be
detected, leading to substance-
specific Raman spectra.

The sample images are
produced by the interaction of
an electron beam with the
sample to measure the
secondary ions.

Samples are thermally treated
under ambient conditions and
the released gaseous
compounds are trapped, and
subsequently transferred to a
GC column, coupled to a
quadrupole - MS. The spectra of
pyrolysis products are then
compared to a database of
common plastic types.
Samples are dissolved by
selected solvents. Different
molar mass distribution is
measured by size exclusion
chromatography and
quantification is based on HPLC
analysis.

Hydrophobic dye adsorbs onto
surfaces of microplastics and
renders them fluorescent when
they irradiated with blue light.

The particles with size down to Samples with a relative high
micro- meter (um) range can be amount of large microplastics
identified by the can be identified by this
stereomicroscope. methods quickly, providing an
overall picture of microplastics
abundance in short time with
low cost.
Larger particle size of > 500 pm FTIR based techniques are non-
can be analyzed by ATR-FTIR,  destructive methods. They are
smaller particle down to 20 pm well established, fast and quite
can be analyzed by microscopy reliable. The newly emerging
coupled FTIR. automatic FTIR imaging such as
FPA makes it possible for the
fast acquisition of several
thousand spectra within an area
through one single
measurements and the analysis
time is greatly shortened.

Microscopy coupled RS allows
the analysis for small particles
between 1 to 20 pm with high
spatial resolution and relatively
low sensitivity towards water. It
is possible to analyse non-
transparent and dark particles
using RS method; the fast
chemical mapping can be
performed by RS method,
enabling fast and automatic
data collection [processing.

Spectroscopy (RS) method is
wm. It is the only method

the range of 1 to 20 pm.

Particle of sizes down to micro
scale can be analyzed.

The high-resolution image of
the samples can be produced by
this method.

The method is suitable for The sample can be analyzed

samples with sizes > 500 pm, together with the organic

which can be manually handled plastic additives in one run

by tweezers. without the use of solvents and
thus avoid background
contamination, The method is
sensitive and reliable. Some
common polymers spectra data
library is available.

Sufficient sample size of several The recoveries of selected
milligrams is required for the polymers were high.
chemical extraction to conduct

this testing.

Microplastics with sample size
down to microscale range can
be visualized and counted.

This method is straightforward
and allows fast screening of
microplastics with low cost. The
fluorescent particles can be
counted and may be identified.

The nature of the samples
cannot be determined and it is
necessary to couple with
identification methods listed
below.

Samples must be IR —active; the
samples below 20 pm might not
yield not enough absorbance
interpretable spectra. Non-
transparent particles are
difficult to be analyzed by this
method. The highly specific
instruments are expensive and
require experienced personals
for operation and data
processing. The detection is
affected by the environmental
matrix (e.g., biofilm formation
on polymer), which creates
difficulty in the data
interpretation. The sample must
be pretreated to eliminate IR-
active water.

There are great interferences of
fluorescence from biological,
organic and inorganic
impurities, hampering the
identification of microplastics.
Sample requires purification
before analysis; appropriate
Raman acquisition parameters
(e.g., wavelength, laser power,
and photo bleaching) are
important. The automatic
mapping of micro-RS is still
under development. The
analysis by RS is time-
CONSUMIng.

Samples need to be coated at
high vacuum; no detailed
identification information is
available.

Only one particle with certain
weight can be assessed per run.
The pyrolysis database is only
available for selected polymers
only such as PE and
polypropylene.

Inability to determine the
physical characteristics, such as
size information, and
restrictions on polymer types
limit its applications to
environmental samples. Only
small amount of samples can be
assessed per run. Only specific
polymers such as PS and PET
can be analyzed by this method.
Other particles such as organic
debris might be stained by the
dye. This would lead to over-
estimation of microplastics
abundance.
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Figure 3-5. Identification of separated microplastic particles, Fourier Transform Infrared
(FTIR) analysis on left (photo from OIST, 2023) and stereomicroscope identification on the right
(Tetra Tech).

Other Methods

The summary table of methods, Table 3-3, also includes a tagging method whereby microplastic
particles are treated with a hydrophobic dye which allows for efficient screening and counting.
Maes et al. (2017) describe the approach they used to stain samples with Nile Red (NR) and
make use of its solvatochromic behavior. The solvatochromic nature of NR lends itself to
classifying plastic particles based on surface polarity.

Sample Processing and Quality Assurance / Quality Control
Considerations—Water, Sediment, and Biota

While standards for quality assurance and quality control (QA/QC) are still being developed, a
number of sources provide guidance with respect to microplastics studies. A representative
listing of publications with QA/QC guidance include Brander et al. (2020); Cowger et al. (2020);
Hermsen et al., (2018); ITRC (2023); Koelmans et al. (2019), and Schymanski et al. (2021).
Laboratory analysis of microplastics, regardless of sample type, should begin with dedicating an
area that is free of as many plastics as possible and secluded from high trafficked areas. Many
researchers install HEPA filtration systems in the designated area to help limit plastic
contamination. Metal or glass tools are used whenever possible to limit plastic exposure to the
sample. Lab coats made of 100% cotton are used and stored, along with all tools, in the
microplastics dedicated work area. It is recommended that cotton lab coats be brightly colored,
specifically in a color that is not likely to match a color found in the environmental samples. This
will limit confusing potential microfibers from the lab coat in the samples with microplastics. It
is useful to add positive and negative controls as well, otherwise one cannot quantify how
effective the methods used are and how much of the sample contribution is from contamination.
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Water

Microplastic investigations looking at plastic pollution in water samples often have the most
straightforward laboratory analysis methods. Freshwater and marine water samples, with little
organic matter or debris, do not require digestion or density separation to isolate plastic particles.
“Clean” water samples, with low levels of visible solids can be directly filtered and identified (as
detailed in sections 3-3 and 3-4, respectively). However, water samples with visible suspended
solids, debris, or algae will require a density separation, and a possible digestion step prior to
filtration. Otherwise, the filter membrane will rapidly clog, making filtration of the sample
extremely difficult.

If a water sample contains visible material of an organic nature (i.e. debris, algae, waste,
organisms), then a digestion and density separation (as detailed in sections 3-1 and 3-2,
respectively) will improve recovery rates, and decrease error rates, when preparing the sample
for filtration. If a water sample contains visible material that mostly settles to the bottom of the
sample container after a period of settling, then a density separation might be all that is needed to
prepare the sample for filtration. The appropriate steps that match with the water samples profile
should be performed so that plastic particles are effectively isolated onto the filter membrane for
identification.

Sediment

Sediment samples have been found to contain significant levels of biological material. Crichton
et al. (2017) found that sediments from beaches consist of up to 7% biological materials.
Biological materials, in any sample type, can at times be mistaken for certain types of plastic
particles, which leads to an overestimation of plastic concentrations (Prata, J. C., et. al. 2019).
For this reason, analysis of sediment samples for microplastic contamination is often more
complex than analysis of water samples. Cashman et al. (2020) provide recommendations
specific for analysis of microplastics from different types of sediments. They first recommend
determination of the type of microplastics a study is mean to address. Further, extraction efficacy
can vary across analysis methods. Amending (spiking) of samples with a known suite of
microplastics can allow for estimation of extraction efficiency (Cashman et al., 2020).

Sieving of sediment samples for grain size and microplastic analysis is helpful so that size
classes can be considered. For instance, Davey et al. (2023) considered sediment grain sizes from
<63 pum to >4,000 um and microplastic size classes from <250 um to 4,000 um. A stainless-steel
Gilson sample splitter was used to homogenize the samples and obtain representative subsamples
(Davey et al., 2023).

If a sediment sample is visibly determined to consist of mostly sand or inorganic matter, then a
density separation can be sufficient to isolate plastics onto a filter membrane for identification.
However, if a sediment sample is believed to be comprised of even small amounts of organic
matter (i.e. debris, plankton, algae, biological tissue, biofilms, or sediment), plastic recovery
rates can likely be improved by first digesting the sample.

It is recommended that sediment samples containing any amount of organic matter should be
first sieved and then digested, to break down the organic matter (as detailed in section 3-1). After
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the sample has been digested, a density separation should be used to separate the plastic particles
from the remaining sample material (as detailed in section 3-2) and then the remaining sample
should be filtered and identified (as detailed in sections 3-3 and 3-4, respectively).

Biota

Microplastic analysis of biotic samples, including fish and bivalves, is often more complex than
the analysis of water and sediment samples. When processing these types of biotic samples, the
full digestive systems of the organism will first need to be dissected out and digested to start the
analysis process. The proper method to perform the dissection will vary by species, but care to
limit potential plastic exposure should be taken, regardless of the species. When processing
water or sediment samples, digestion, filtration, and identification often take place in covered
glass containers and in dedicated plastic clean rooms, to protect from laboratory sources of
plastic contamination. Dissections should be performed in a dedicated clean area using metal
trays or aluminum foil and metal tools (i.e. scalpel, scissors, forceps), similar to the dedicated
processing area described in sections 4-1 and 4-2. Lab coats made of 100% cotton are used and
stored, along with all tools, in the microplastics dedicated work area. It is recommended that
cotton lab coats be brightly colored, specifically in a color that is not likely to match a color
found in the environmental samples.

Bivalve dissection, based on the literature, is performed by either digesting all of the soft tissue
inside the shell or by extracting only the digestive system for analysis. Analyzing all the soft
tissue of a bivalve would make the dissection step easier but would likely make the digestion
step take longer. That decision should be made on a project specific basis, as both methods have
been found to yield viable data.

Dissection of fish for microplastic analysis involves removing the entire digestive track,
including the stomach and intestines. Dissection methods will vary by species, but typically a
small ventral incision can be made at the anterior side of the anus. Then a pair of scissors can be
used to cut anteriorly until reaching the base of the gills. Cuts can then be made from the opening
towards the dorsal side of the fish at both ends of the stomach cavity. This will create a flap that
can be used to access the digestive track.

After the dissection of targeted soft tissues, the analysis process is performed like that of a
sediment sample containing significant amounts of organic matter. The digestive track and any
other soft tissues extracted will need to be digested (as detailed in section 3-1). After the sample
has been digested, a density separation should be used to separate the plastic particles from the
remaining sample material (as detailed in section 3-2) and then the remaining sample should be
filtered and identified (as detailed in sections 3-3 and 3-4, respectively).

15



Tt

Literature Cited

Al-Azzawi, M. S., Kefer, S., Weiller, J., Reichel, J., Schwaller, C., Glas, K., & Drewes, J. E.
(2020). Validation of sample preparation methods for microplastic analysis in wastewater
matrices—reproducibility and standardization. Water, 12(9), 2445.

Alirezazadeh, M., Nematollahi, M. J., Keshavarzi, B., Rezaei, M., Moore, F., & Busquets, R.
(2023). Microplastics in abiotic compartments of a hypersaline lacustrine ecosystem.
Environmental Toxicology and Chemistry, 42(1), 19-32.

Barnett, S., Evans, R., Quintana, B., Miliou, A., & Pietroluongo, G. (2021). An environmentally
friendly method for the identification of microplastics using density analysis.
Environmental Toxicology and Chemistry, 40(12), 3299-3305.

Brander, S., Renick, V., Foley M., et al. Sampling and Quality Assurance and Quality Control: A
Guide for Scientists Investigating the Occurrence of Microplastics Across Matrices.
Applied Spectroscopy. 2020;74(9):1099-1125. doi:10.1177/0003702820945713

Campanale, C., Savino, 1., Pojar, 1., Massarelli, C., & Uricchio, V. F. (2020). A practical
overview of methodologies for sampling and analysis of microplastics in riverine
environments. Sustainability, 12(17), 6755.

Cashman, M. A., Ho, K. T., Boving, T. B., Russo, S., Robinson, S., & Burgess, R. M. (2020).
Comparison of microplastic isolation and extraction procedures from marine sediments.
Marine pollution bulletin, 159, 111507.

Catarino, A. 1., Thompson, R., Sanderson, W., & Henry, T. B. (2017). Development and
optimization of a standard method for extraction of microplastics in mussels by enzyme
digestion of soft tissues. Environmental toxicology and chemistry, 36(4), 947-951.

Connors, K. A., Dyer, S. D., & Belanger, S. E. (2017). Advancing the quality of environmental
microplastic research. Environmental toxicology and chemistry, 36(7), 1697-1703.

Constant, M., Billon, G., Breton, N., & Alary, C. (2021). Extraction of microplastics from
sediment matrices: experimental comparative analysis. Journal of Hazardous Materials,
420, 126571.

Coppock, R. L., Cole, M., Lindeque, P. K., Queirds, A. M., & Galloway, T. S. (2017). A small-
scale, portable method for extracting microplastics from marine sediments.
Environmental Pollution, 230, 829-837.

Cowger, W., Steinmetz, Z., Gray, A., Munno, K., Lynch, J., Hapich, H., Primpke, S., Frond, H.,
Rochman, C., and Herodotou, O. (2021). Microplastic Spectral Classification Needs an
Open Source Community: Open Specy to the Rescue! Analytical Chemistry. 93 (21),
7543-7548. DOI: 10.1021/acs.analchem.1¢00123

16



Tt

Cowger, W., Booth, A.M., Hamilton, B.M., et al. Reporting Guidelines to Increase the
Reproducibility and Comparability of Research on Microplastics. Applied Spectroscopy.
2020;74(9):1066-1077. doi:10.1177/0003702820930292

Crichton, Ellika M., et al. "A novel, density-independent and FTIR-compatible approach for the
rapid extraction of microplastics from aquatic sediments." Analytical Methods 9.9 (2017):
1419-1428.

Davey, E., Meiller, J., MacAvoy, S., Fox, D., Fontana, K., Landaverde, N., & Balestra, B.
(2023). Microplastics and polycyclic aromatic hydrocarbons: abundance, distribution,

and chemical analyses in the Nash run, an urban tributary to the Anacostia River
(Washington, DC, USA). Water, Air, & Soil Pollution, 234(8), 493.

De Frond, H., O'Brien, A. M., & Rochman, C. M. (2023). Representative subsampling methods
for the chemical identification of microplastic particles in environmental samples.
Chemosphere, 310, 136772. https://doi.org/10.1016/j.chemosphere.2022.136772

Dimante-Deimantovica, 1., Suhareva, N., Barone, M., Putna-Nimane, 1., & Aigars, J. (2022).
Hide-and-seek: Threshold values and contribution towards better understanding of
recovery rate in microplastic research. MethodsX, 9, 101603.

Enders, K., Lenz, R., Beer, S., and Stedmon, C.A. Extraction of microplastic from biota:
recommended acidic digestion destroys common plastic polymers. ICES Journal of
Marine Science, Volume 74, Issue 1, January-February 2017, Pages 326—

331. https://doi.org/10.1093/icesjms/fsw173

EPA. 2021. EPA’s Microplastic Beach Protocol A Community Science Protocol for Sampling
Microplastic Pollution. https://www.epa.gov/system/files/documents/2021-
09/microplastic-beach-protocol _sept-2021.pdf

Hermsen, E., Mintenig, S. M., Besseling, E., & Koelmans, A. A. (2018). Quality criteria for the
analysis of microplastic in biota samples: a critical review. Environmental science &
technology, 52(18), 10230-10240.

Hidalgo-Ruz, V., Gutow, L., Thompson, R. C., & Thiel, M. (2012). Microplastics in the marine
environment: a review of the methods used for identification and quantification.
Environmental science & technology, 46(6), 3060-3075.

Huang, Z., Hu, B. & Wang, H. Analytical methods for microplastics in the environment: a
review. Environ Chem Lett 21, 383—401 (2023). https://doi.org/10.1007/s10311-022-
01525-7

Microplastics (2023). In ITRCweb.org. Retrieved March 15, 2024, from https://mp-
L.itrcweb.org/

Jin-Feng, D. I. N. G., Jing-Xi, L. I., Cheng-Jun, S. U. N., Chang-Fei, H. E., Jiang, F. H., Feng-
Lei, G. A. O., & Zheng, L. (2018). Separation and identification of microplastics in
digestive system of bivalves. Chinese journal of analytical chemistry, 46(5), 690-697.

17


https://doi.org/10.1093/icesjms/fsw173
https://www.epa.gov/system/files/documents/2021-09/microplastic-beach-protocol_sept-2021.pdf
https://www.epa.gov/system/files/documents/2021-09/microplastic-beach-protocol_sept-2021.pdf
https://doi.org/10.1007/s10311-022-01525-7
https://doi.org/10.1007/s10311-022-01525-7
https://mp-1.itrcweb.org/
https://mp-1.itrcweb.org/

Tt

Karr, J., Korsmeyer, K., Hyrenbach, D., & Lynch, J. Methods Matter for Microplastic Studies:
Polymer Chemical Compatibility & Extraction from Fish Larvae. Hawaii Pacific
University, 2020. https://jstor.org/stable/community.31068404

Khalik, W. M. A. W. M., Ibrahim, Y. S., Anuar, S. T., Govindasamy, S., & Baharuddin, N. F.
(2018). Microplastics analysis in Malaysian marine waters: a field study of Kuala Nerus
and Kuantan. Marine Pollution Bulletin, 135, 451-457.

Koelmans A., Mohamed, N., Hermsen, E., Kooi, M., Mintenig, S., De France, J. Microplastics in
freshwaters and drinking water: Critical review and assessment of data quality. Water
Res. 2019 May 15;155:410-422. doi: 10.1016/j.watres.2019.02.054. Epub 2019 Feb 28.
PMID: 30861380; PMCID: PMC6449537

Li, J.,, Liu, H., & Chen, J. P. (2018). Microplastics in freshwater systems: A review on
occurrence, environmental effects, and methods for microplastics detection. Water
research, 137, 362-374.

Lusher, A. L., Welden, N. A., Sobral, P., & Cole, M. (2017). Sampling, isolating and identifying
microplastics ingested by fish and invertebrates. Analytical methods, 9(9), 1346-1360.

Maes, T., Jessop, R., Wellner, N. ef al. A rapid-screening approach to detect and quantify
microplastics based on fluorescent tagging with Nile Red. Sci Rep 7, 44501 (2017).
https://doi.org/10.1038/srep44501

Mari, A., Bordds, G., Gergely, S., Biiki, M., Hahn, J., Palotai, Z., .. & Szoboszlay, S. (2021).
Validation of microplastic sample preparation method for freshwater samples. Water
Research, 202, 117409.

Mariano S, Tacconi S, Fidaleo M, Rossi M, Dini L. Micro and Nanoplastics Identification:
Classic Methods and Innovative Detection Techniques. Front Toxicol. 2021 Feb
26;3:636640. doi: 10.3389/ft0x.2021.636640. PMID: 35295124; PMCID:
PMC8915801.Masura, J., et al. 2015. Laboratory methods for the analysis of
microplastics in the marine environment: recommendations for quantifying synthetic
particles in waters and sediments. NOAA Technical Memorandum NOS-OR&R-48.

Migwi, F. K., Ogunah, J. A., & Kiratu, J. M. (2020). Occurrence and spatial distribution of
microplastics in the surface waters of Lake Naivasha, Kenya. Environmental toxicology
and chemistry, 39(4), 765-774.

Miller, E., Sedlak, M., Lin, D., Box, C., Holleman, C., Rochman, C. M., & Sutton, R. (2021).
Recommended best practices for collecting, analyzing, and reporting microplastics in
environmental media: Lessons learned from comprehensive monitoring of San Francisco
Bay. Journal of Hazardous Materials, 409, 124770.

Miller, M. E., Kroon, F. J., & Motti, C. A. (2017). Recovering microplastics from marine
samples: a review of current practices. Marine Pollution Bulletin, 123(1-2), 6-18.

18



Tt

Miller, M. E., Motti, C. A., Menendez, P., & Kroon, F. J. (2021). Efficacy of microplastic
separation techniques on seawater samples: testing accuracy using high-density
polyethylene. The Biological Bulletin, 240(1), 52-66.

Moller, J. N., Heisel, 1., Satzger, A., Vizsolyi, E. C., Oster, S. J., Agarwal, S., .. & Loder, M. G.
(2022). Tackling the challenge of extracting microplastics from soils: a protocol to purify
soil samples for spectroscopic analysis. Environmental Toxicology and Chemistry, 41(4),
844-857.

Miiller, Y. K., Wernicke, T., Pittroff, M., Witzig, C. S., Storck, F. R., Klinger, J., & Zumbiilte,
N. (2020). Microplastic analysis—are we measuring the same? Results on the first global
comparative study for microplastic analysis in a water sample. Analytical and
bioanalytical chemistry, 412(3), 555-560.

Murphy, R.F., and J. Flippin. 2021. Uniform Size Classification and Concentration Unit
Terminology for Microplastics: Broad Application in the Chesapeake Bay Watershed, 19
pp. Annapolis, MD: Tetra Tech, Inc.

Nguyen, B., Claveau-Mallet, D., Hernandez, L. M., Xu, E. G., Farner, J. M., & Tufenkji, N.
(2019). Separation and analysis of microplastics and nanoplastics in complex
environmental samples. Accounts of chemical research, 52(4), 858-866.

Oni, B. A., & Sanni, S. E. (2022). Occurrence of microplastics in borehole drinking water and
sediments in Lagos, Nigeria. Environmental Toxicology and Chemistry, 41(7), 1721-
1731.

“OIST Scientists Track Microplastics in Okinawa’s Sea Creatures.” Okinawa Institute of Science
and Technology OIST, 2 Oct. 2023, www.oist.jp/news-center/news/2022/12/8/oist-
scientists-track-microplastics-okinawas-sea-creatures.

Pico, Y., & Barcelo, D. (2019). Analysis and prevention of microplastics pollution in water:
current perspectives and future directions. ACS omega, 4(4), 6709-6719.

Prata, J. C., da Costa, J. P., Duarte, A. C., & Rocha-Santos, T. (2019). Methods for sampling and
detection of microplastics in water and sediment: a critical review. TrAC Trends in
Analytical Chemistry, 110, 150-159.

Primpke, S., Christiansen, S. H., Cowger, W., De Frond, H., Deshpande, A., Fischer, M., .. &
Wiggin, K. J. (2020). Critical assessment of analytical methods for the harmonized and
cost-efficient analysis of microplastics. Applied Spectroscopy, 74(9), 1012-1047.

Ramaremisa, G., Ndlovu, M., & Saad, D. (2022). Comparative assessment of microplastics in
surface waters and sediments of the Vaal River, South Africa: Abundance, composition,
and sources. Environmental Toxicology and Chemistry, 41(12), 3029-3040.

Ribo, Marta, Sally Watson, and Lorna Strachan. "Microplastics contamination in Queen
Charlotte Sound/Totaranui marine sediments." (2021).

19



Tt

Schymanski, D., OBmann, B. E., Benismail, N., Boukerma, K., Dallmann, G., Von Der Esch, E.,
Fischer, D., Fischer, F., Gilliland, D., Glas, K., Hofmann, T., Kdppler, A., Lacorte, S.,
Marco, J., Rakwe, M. E., Weiller, J., Witzig, C. S., Zumbiilte, N., & Ivleva, N. P. (2021).
Analysis of microplastics in drinking water and other clean water samples with micro-
Raman and micro-infrared spectroscopy: minimum requirements and best practice
guidelines. Analytical and Bioanalytical Chemistry, 413(24), 5969-5994.
https://doi.org/10.1007/s00216-021-03498-y

Shim, W. J., Hong, S. H., & Eo, S. E. (2017). Identification methods in microplastic analysis: a
review. Analytical methods, 9(9), 1384-1391.

Vermaire, J. C., Pomeroy, C., Herczegh, S. M., Haggart, O., & Murphy, M. (2017). Microplastic
abundance and distribution in the open water and sediment of the Ottawa River, Canada,
and its tributaries. Facets, 2(1), 301-314.

Vermeiren, P., Munoz, C., & Ikejima, K. (2020). Microplastic identification and quantification
from organic rich sediments: A validated laboratory protocol. Environmental Pollution,
262, 114298.

Wang, W., & Wang, J. (2018). Investigation of microplastics in aquatic environments: an
overview of the methods used, from field sampling to laboratory analysis. TrAC Trends
in Analytical Chemistry, 108, 195-202.

Wesch, C., Elert, A. M., Worner, M., Braun, U., Klein, R., & Paulus, M. (2017). Assuring
quality in microplastic monitoring: About the value of clean-air devices as essentials for
verified data. Scientific Reports, 7(1), 1-8.

Whiting QT, O'Connor KF, Potter PM, Al-Abed SR. A high-throughput, automated technique
for microplastics detection, quantification, and characterization in surface waters using
laser direct infrared spectroscopy. Anal Bioanal Chem. 2022 Dec;414(29-30):8353-8364.
doi: 10.1007/s00216-022-04371-2. Epub 2022 Oct 25. PMID: 36282325; PMCID:
PMC9805365.

Yu, Z., Peng, B., Liu, L. Y., Wong, C. S., & Zeng, E. Y. (2019). Development and validation of
an efficient method for processing microplastics in biota samples. Environmental
toxicology and chemistry, 38(7), 1400-1408.

Zobkov, M., & Esiukova, E. (2017). Microplastics in Baltic bottom sediments: quantification
procedures and first results. Marine pollution bulletin, 114(2), 724-732.

20



	Table of Contents
	Table of Figures
	Acronyms
	Summary of Framework
	1. Introduction
	2. Goals and Priorities
	3. Existing Water Quality Monitoring Programs
	3.1 Chesapeake-wide Monitoring
	3.2 Regional and State-wide Monitoring
	3.3 Local Government Monitoring
	3.4 Non-Governmental Organization (NGO) Monitoring

	4. Monitoring Microplastics Concentrations and Trends Throughout the Chesapeake Bay and Watershed
	4.1 Bay Estuary Concentrations and Spatial Distribution
	4.2 Bay Loadings from Tributaries

	5. Monitoring for Spatial Distribution of Microplastics in the Watershed at Varying Scales
	5.1 Probabilistic Sampling of Non-tidal Streams
	5.2 Targeted Sampling of Non-tidal Streams

	6. Major Exposure Pathways of Microplastics (i.e., wastewater, stormwater, aerial deposition)
	7. Pollution Monitoring for Sources, Types, and Transformation of Microplastics Pollution
	8. Monitoring for Concentrations and Toxicity of Microplastics in Ecological and Human Health Endpoints
	9. Recommended Near-term and Future-term Priority Actions
	9.1 Near-term Actions
	9.2 Future-term Actions

	References
	Appendix A: Field Sampling Reference Guide
	1. Introduction
	2. Literature Review
	3. Field Sampling Methods Summary
	3.1 Microplastic Field Sampling Methods
	3.2 Water Sampling Methods and Equipment
	3.2.1 Water Surface Sampling
	3.2.1.1 Volume-reduced Water Surface Sampling
	3.2.1.2 Bulk Water Surface Sampling

	3.2.2 Water Column Sampling Methods and Equipment
	3.2.2.1  Volume-reduced Water Column Sampling
	3.2.2.2  Bulk Water Column Sampling


	3.3 Sediment Sampling Methods and Equipment
	3.3.1 Selective Sediment Sampling
	3.3.2 Bulk Sediment Sampling

	3.4 Biota Sampling Methods and Equipment

	4. Field Sampling Methods Discussion
	4.1 Field Sampling Design
	4.2 Field Sampling Design Considerations
	4.2.1 Study Area Selection
	4.2.1.1  Considerations for Water Sampling Study Area Selection
	4.2.1.2  Considerations for Sediment Study Area Selection
	4.2.1.3  Considerations for Biota Study Area Selection

	4.2.2 Sampling Methods
	4.2.2.1  Considerations for Water Sampling Methods
	4.2.2.2  Considerations for Sediment Sampling Methods
	4.2.2.3  Considerations for Biota Sampling Methods

	4.2.3 Sample Timing and Frequency
	4.2.4 Sample Size and Volume
	4.2.4.1  Water Sampling
	4.2.4.2 Sediment Sampling
	4.2.4.3 Biota Sampling


	4.3  Reporting
	4.3.1 Water
	4.3.2 Sediment
	4.3.3 Biota

	4.4  Quality Assurance and Quality Control

	5. References
	Appendix B: Laboratory Reference Guide
	Introduction
	Literature Review
	Common Analytical Methods
	Digestion
	Density Separation
	Filtration
	Identification

	Sample Processing and Quality Assurance / Quality Control Considerations—Water, Sediment, and Biota
	Water
	Sediment
	Biota

	Literature Cited



