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Figure 1. ArcGIS map of project sampling location within the 
Annapolis Harbor. Yellow line depicts 1,100 m transects where 
microplastics were collected via Manta net tows. The dotted yellow 
line indicated an additional 400 m distance that was conducted on 
February 4th. Upper left inset shows the Chesapeake Bay with the 
Annapolis Harbor study area highlighted. Lower right inset depicts the 
entire Severn River Watershed and location of the United States 
Naval Academy.

The Chesapeake Bay has many anthropogenic influences which allow input of plastics in the estuarine 
waters. Standard field sampling and laboratory analytical methods were employed to identify and quantify 
resultant microplastics in surface waters of the Annapolis Harbor area located within the Severn River 
watershed of the Chesapeake Bay. Through two gross weight methods and individual particle counts of 
collected plastics, this project aimed to provide baseline winter data on microplastics within the Harbor and 
insight into the reproducibility of concurrent microplastic transect collections. Concentrations by mass were 
found to be greater than concentrations recorded in prior years. Patchiness of microplastic concentrations 
resulted in large deviations of replicate collections in both the concentration by mass and by particle count.

ABSTRACT

The Severn River watershed is approximately 244.62 
km of streams with a drainage area of 179 km2. The 
focus of this study was the Annapolis Harbor located 
within the watershed region (Figure 1). Surface waters 
were sampled for microplastics and synthetic particles 
along replicate transects in the Harbor on three 
separate occasions (04 February, 08 February,10 
February) using a Manta net (Figure 2). Contents of 
the cod end were sieved and samples were placed in 
pre-weighed glass beakers in a drying oven for 
approximately 24 hours at 125°C. Using laboratory 
methods outlined by Masura et al. 2015, digestions 
were conducted on each sample using wet peroxide 
oxidation (WPO) to remove all organic materials from 
the sample and gravimetric analysis was then 
conducted to isolate microplastics.

STUDY AREA & METHODS

Figure 3. (Left to Right) Samples undergoing wet peroxide oxidation (WPO) – contents were treated with 20 mL aqueous 0.05M Fe(II) solution
and 20 mL of 30% hydrogen peroxide that were heated to 75ºC; Remaining solids after WPO; MIDN Groess and Schofield separating liquid from 
sample using a vacuum flask and filter; Various microplastic samples collected.

Microplastic Concentrations
g/km2

(mean  ± SD)

Date Year Reps Filter Only Picking

Feb-4 2022 3 36.49 ± 41.73 21.59 ± 19.83

Feb-8 2022 3 4.01 ± 3.83 3.18 ± 1.64

Feb-10 2022 3 9.65 ± 5.67 5.14 ± 3.11

Table 1. Microplastic concentrations (g/km2) in 
Annapolis Harbor measured via two different methods: 
Filter Only and Picking. 

RESULTS

Figure 4. Concentrations of microplastic particle counts in surface water 
collections from three Annapolis Harbor transects on three different days 
between February 4th, 2022 and February 10th, 2022; standard deviation 
represented by error bars.

Site Date Range
Plastic Mass by Area

(g/km2)
Plastic Particles by Area

(g/km2)

Yo
nk
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(2
01

4) Patapsco River July – Nov 2011 10.6 – 238.1 59,782 – 297,927

Magothy River July – Nov 2011 5.2 – 245.7 36,013 – 259,803

Rhode River July – Nov 2011 3.2 – 56.1 18,574 – 131,978

Corsica River July – Nov 2011 2.7 – 19.2 5,534 – 92,617

U
SN

A 
Pr

oj
ec

ts Severn River Sept – Dec 2020 2.3 – 326.0 -

Severn River Sept – Nov 2021 0.05 – 148.9 -

Annapolis Harbor Feb 2022 10.2 – 95.5 60,898.37 – 605,573

Table 2. Reported microplastic concentrations values for Chesapeake Bay tributaries near the 
Severn River from Yonkos et al. (2014) and concentrations for the Severn River and Annapolis 
Harbor from this study and past USNA projects using similar surface water microplastic 
sampling protocols. 

Results from this study are consistent with those of others: microplastics are pervasive in coastal marine 
environments but concentrations vary considerably spatially, temporally, and in material composition. 
Microplastics were found during every sampling event. Mass concentrations varied by transect and day. 
For example, February 4th had much greater concentrations than February 8th and 10th, with a filter mass 
of 36.49 ± 41.73 g/km2 vs. 4.01 ± 3.83 g/km2 and 9.65 ± 5.67 g/km2 respectively (Table 1). Methods to 
quantify microplastic concentrations via mass – ‘Filter Only’ and ‘Picking’ - resulted in vastly different 
concentrations between both transects and days (Table 1). In particular, on 04 February alone there 
were large differences in mass measuring 14.9±21.9 g/km2. Additionally, average particle count by day 
for the February 4th collection date resulted in a larger amount of particles and standard deviation 
(Figure 4). Most microplastic particles identified were classified as fragments or fibers. Various colors 
and materials were found during microscopic examination. Plastic particles, microfibers, and foam were

the most common types of materials identified (Figure 5). The range of 
values for plastic mass by area (g/km2) and plastic particles by area 
(g/km2) sampled in the Annapolis Harbor during this study were 
comparable to those reported by Yonkos et al. (2014) in four nearby 
Chesapeake tributaries (Table 2). Similarly, values for plastic mass by 
area (g/km2) reported in 2020 and 2021 by midshipmen conducting 
Capstone and independent research in the Severn River were 
comparable to results found in this study.

DISCUSSION

Figure 5. Three most abundant types of microplastics 
found in samples. Brightly colored fragments that were 
denser and tended to stick to each other (A); Thin 
microfibers that were the easiest to identify and separate 
(B). Styrofoam-like particles that were extremely light, but 
hard to distinguish from organic matter (C). 

Figure 2. (Top Left) MIDN 
Bamanabio prepares Manta 
net for deployment alongside 
a small boat at approximately 
two knots speed in Annapolis 
Harbor; (Top Right) Manta 
net with a 60 x 25 cm opening 
and a 2.5 m length, 250 µm 
mesh net; (Bottom Left) 
Separation of cod end sample 
through a 2.00 mm stainless 
steel sieve to remove large 
debris from sample.
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Following WPO, samples were filtered onto a pre-weighed 
11 µm Whatman filter, allowed to dry, and weighed again to 
obtain weight of total microplastics collected (Figure 3). 
For quantification via mass (g/km2), two different methods 
were utilized: ‘Filter Only’ and ‘Picking’. For ‘Filter Only’, 
weight of the Whatman filter and all filtered supernatant 
was used to calculate total concentration of microplastic. 
For ‘Picking’, individual microplastic particles were removed 
from the Whatman filter and placed into a pre-weighed 
glass vial to obtain the weight of total microplastics 
collected. For quantification via particle amount 
(particles/km2), three counts were randomly conducted to 
obtain an unbiased estimate of total number of microplastic 
particles.

The importance of identifying and classifying various microplastic types is 
evident when considering the difference in values between resultant 
microplastic mass concentrations. The differences in average particle

weight and mass concentration are both a function of the size of individual particles as well 
as the density of the source materials. Density plays an important role in determining the 
mass per particle as plastic densities can range from anywhere between 0.020 g/mL to 1.45 
g/mL. For example, while styrofoam particles were often between 2-4 times larger than 
other particles found in this study, they are nearly 100 times less dense than hard plastics 
resulting in a lower average weight per particle. In this study, the average weight per particle 
was calculated to be 8.278 x 10-5 g on the 4th, 4.046 x 10-5 g on the 8th, and 3.187 x 10-5 g 
on the 10th; however a wide variety of plastic particle types were found during sample 
collection (Figure 5). 

Additionally, the large standard deviation on 
February 4th is hypothesized to be caused 
by “patchiness”. Patchiness is the result of 
waves and currents, electrostatic interactions 
between particles, and likely several 
unknown forces, that cause particles to 
attract towards each other, resulting in 
clumps or “patches” of microplastics. 

CONCLUSIONS & FUTURE WORK
• Results indicate that microplastics and other synthetic materials exist in Annapolis 

Harbor in varying quantities that are comparable to concentrations found in previous 
studies of adjacent tributaries in the Chesapeake Bay watershed.

• Data suggests that true replicate samples of microplastics would be difficult to obtain due 
to the physical properties of bodies of water and tendency of plastics to form patches.

• Further research should include additional replication in order to rule out potential 
sources of error and contamination. Additionally, collecting samples from a greater 
number of sites may give more insight into areas experiencing greater plastic 
accumulation.
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