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majority of municipal WWTPs have sufficient incoming organic matter 
to continually support activated sludge microorganisms, others may 
need to alter treatment processes during periods with low influent flows. 
This can be accomplished by, for example, changing process times or 
returning more sludge from the secondary clarifier back to the biological 
unit. 

Numerous studies have examined the distribution and characteristics 
of MPs in municipal WWTPs, but there is nothing in the literature about 
a WWTP that strictly serves a university community. Such WWTPs are 
unique considering their highly variable flows dependent on the on- 
campus population, which itself varies depending on the University 
calendar and sporting events, and because the wastewater stems from 
teaching and research laboratories in addition to student dormitories 
and cafeterias. Thus, our study aimed to characterize MPs from a WWTP 
in University of Mississippi both spatially (in the influent, grit chamber, 
closed loop reactor, secondary clarifier, and treated effluent) and 
temporally (during summer and remote learning with most students off 
campus due to the COVID-19 pandemic and during normal in-person 
learning and sporting events with high populations on campus). Here
in, we provide empirical data on MP abundances and characteristics 
within treatment compartments in a university WWTP, as well as 
address MP removal efficiencies under considerably different inflows 
and treatment conditions. The environmental significance being a better 
understanding of the conditions that maximize MP retention and mini
mize MP discharge into water masses. 

2. Materials and methods 

2.1. Study site and sample collection 

The WWTP at the University of Mississippi (UM) consists of grit 
chambers, closed loop reactors, secondary clarifiers, and UV disinfection 
where wastewater flows in continuous and closed process (Fig. S1). This 
WWTP serves the university community through a separate sewer sys
tem collecting and treating University wastewater only. The system does 
not include stormwater runoff. The influent flow is highly dependent on 
the on-campus population, ranging from < 1000 m3/d during campus 
closures to ~2000 m3/d for regular operation during semesters to >
3000 m3/d during major sporting events, especially football games that 
can attract crowds above 65,000 spectators. 

We collected wastewater samples from multiple WWTP compart
ments on four separate occasions (Table 1). These sampling campaigns 
include August 5 2020, during a low-flow period (1270 m3/d) with a low 
student population due to summer break; September 2 2020, during a 
relatively low-flow period (1410 m3/d) with low student population due 
to remote learning during the pandemic; September 7 2021, during a 
moderate (more typical) flow period (1670 m3/d) with students fully 
back on campus; and September 12, 2021, during a high-flow period 
(2500 m3/d) with a relatively high population on campus due to a 
football game. We collected triplicate grab samples from both the 

influent and closed loop reactor with 1 L glass mason jars that were 
previously washed with 0.2 µm filtered Milli-Q water (Milli-Q, Millipore, 
Burlington, MA, USA), hereafter termed ultrapure water. We collected 
triplicate 50 L samples from the grit chamber effluent, secondary clari
fier, and final treated effluent using a stack of stainless-steel sieves 
(20.32 cm diameter) with mesh sizes of 45, 125, and 1000 µm. Waste
water was pumped to fill a 50 L polypropylene carboy container which 
was subsequently allowed to drain through sieves assembled from 
coarse to fine. Particles retained in the sieves during sampling were 
rinsed to 1 L glass mason jars using a PTFE squeeze bottle containing 
ultrapure water. Note that we only sampled the grit chamber effluent in 
2021, as we were initially focused on other compartments and were 
unaware of the access point during earlier sampling. 

2.2. Sample extraction and quality control 

Wastewater samples were dried at < 40 ◦C for 24 h to increase the 
digestion efficiency. Labile organic matter was digested using Fenton’s 
reagent following a modified version of our one pot method described 
elsewhere [17]. Briefly, 30% H2O2 (97% purity, Fisher Scientific, 
Hampton, NH, USA) and 0.05 M FeSO4 were used to oxidize organic 
matter for 24 h at room temperature. Following the digestion step, 
inorganic particles were removed by density separation (three times per 
sample) using a solution of ZnCl2 (>99% purity, Fisher Scientific, 
Hampton, NH, USA) with a density of 1.6 g/mL. The top layer of the 
solution was collected and filtered through a 45 µm sieve. Retained 
particles were rinsed with 5 mL 1% HCl (to remove any floc due to the 
dilution of ZnCl2 solution) and ultrapure water before being filtered 
through 47 mm polycarbonate track-etched filters (Sterlitech Corp., 
Kent, WA, USA) for visual inspection. 

We validated the sampling method by spiking fluorescent poly
ethylene microbeads (Cospheric LLC, Santa Barbara, CA) into a 50 L 
container filled with wastewater from the secondary clarifier and 
treated effluent. Twenty microbeads, each from three different size 
classes, were used (75–90, 150–180, and 300–355 µm). The spiked 
microbeads were counted under UV light once the sample glass mason 
jars were brought back to the lab. We also evaluated our MP extraction 
method by spiking three samples of the wastewater effluent and three 
blanks (consisting of reversed osmosis water) with both weathered and 
virgin MPs. The spiked MPs included ten weathered low density poly
ethylene films (1–3 mm), ten polyethylene microbeads (300–330 µm), 
ten weathered polyvinyl chloride fragments (500–1000 µm), and ten 
polyester fibers (1–3 mm). Films and fragments were cryogenically 
ground, and fibers were cut with a scissor. Spiked MPs, except 
microbeads, were stained with 2 μg/mL Nile red at 70 ◦C for 3 h for 
easier identification. The density of the spiked MPs ranged from ~0.92 
to ~1.4 g/cm3. 

To minimize MP contamination, we cleaned all materials with soap 
and water and rinsed them three times with ultrapure water. Addi
tionally, we heated glass components (Mason jars and filtering appa
ratus) to 450 ◦C. We wore bright orange-dyed cotton laboratory coats 
and covered samples and associated assemblies with aluminum foil 
when not being actively processed. The entire MP extraction process was 
conducted in a clean laminar flow hood. To assess contamination, we 
evaluated six blanks consisting of 50 L of reversed osmosis (RO) water 
passed through the mesh sieves and processed along with the samples. 

2.3. Microplastic quantification and characterization 

Each filter containing the extract was visually examined at 40 ×
magnification under a stereomicroscope (SteREO Discovery V12; Carl 
Zeiss Jena GmbH, Germany) equipped with an Axiocam 105 color dig
ital camera and an X-Cite 120Q fluorescence lamp illuminators. 
Morphology and number of putative MPs were documented. Stereo
microscopy images of representative MPs were shown in Fig. S2. Daily 
discharges of putative MPs were determined from the flow rate and MP 

Table 1 
Sample information for the wastewater treatment plant at University of 
Mississippi.  

Date Flow (m3/d) Campus population Compartment sampled 

Aug. 5, 
2020 

1270 
“low-flow” 

Low / Summer break 
(<1000) 

Influent, closed loop 
reactor, secondary clarifier, 
treated effluent Sept. 2, 

2020 
1410 
“low-flow” 

Low / No in-person 
classes due to COVID- 
19 (~1000–2000) 

Sept. 7, 
2021 

1670 “normal 
or moderate- 
flow” 

Normal operation 
(~20,000) 

Influent, primary effluent, 
closed loop reactor, 
secondary clarifier, treated 
effluent Sept. 

12, 
2021 

2500 
“high-flow” 

Sport event (~50,000)  
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