Use of Imaging Flow Cytometry (FlowCam®) in the Study of Microplastics
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Microplastics are ubiquitous in marine environments yet remain vastly uncharacterized. Methodologies for the detection, S e L WL L LT
characterization, and quantification of microplastics continue to be developed. In response to the need to automate the - i L LU
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characterization of microplastics, researchers have turned to the FlowCam® (Fig. 1), an imaging particle analyzer used . "WBESE%’“

globally for phytoplankton analysis, to image, characterize, and quantify microplastics (Fig. 2, 3). The FlowCam was used in
two recent studies to quantify, image, and measure microplastics.
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The prevalence of microplastics in marine environments has lead to question the effects of microplastics on aquatic
organisms, particularly filter feeders. Woods et al. (2017) used the FlowCam to quantify the microplastic fiber uptake,
ingestion, and egestion rates in the blue mussels (Mytilus edulis). Mussels were placed in filtered seawater treatments

with Rhodomonas salina (food source) and varying concentrations of polyethylene terephthalate microplastic fibers. The
FlowCam was used to quantify the uptake of Rhodomonas and microplastic fibers in each treatment, as well as the number
of microplastic fibers in mussel tissue, feces, and pseudofeces.
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As naturally-occurring marine microplastics exhibit a variety of shapes and sizes (beads, fibers, fragments, etc.), they can

be cumbersome to analyze using only image recognition software. Therefore, to improve and simplify microplastic analysis, ' ‘ | T Exgpasty Ehemns lametes (AFD FRp S Sl
Lorenz et al. (2017) evaluated the ability of an enzymatic-oxidative treatment (Loder et al., 2017) to digest organic materials
in marine samples and, in doing so, isolate the microplastics present. The FlowCam was used to calculate the total area- Figure 1. The FlowCam is a particle analyzer that is effective at Figure 2. Naturally-occurring marine microplastics, and some

Figure 3. Multi-colored plastic glitter as imaged by the

based diameter of all particulate matter following each digestive step to evaluate its efficacy. analyzing microplastics using its imaging and analysis capabilities. diatoms, as imaged by the FlowCam at 10X. Credit: Fluid Imaging FlowCam at 4X. Credit: Fluid Imaging Technologies, Inc
Credit: Fluid Imaging Technologies, Inc. Technologies, Inc. ' ' > LHE
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Woods et al. (2017) quantified the uptake, digestion, and egestion of polyethylene Lorenz et al. (2017) evaluated the efficacy of

terephthalate microplastic fibers (MPF) (Fig. 4) in blue mussels (Mytilus edulis) using the n [] n m \ ~ microplastic isolation in a natural marine water E= K% . — D
FlowCam. Mussels were placed in filtered seawater with MPF concentrations ranging from S il y 7 el 0% 63.3 sample (Fig. 6) using a six-step enzymatic- |
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3,000 MPF/L to 30,000 MPF/L and fed a diet of Rhodomonas salina (Fig. 5). oxidative digestion developed by Loder et al.
(2017).
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The MPF and microalgal uptake rates of each mussel were determined by calculating the
change in R. salina and MPF concentrations in the treatment water at regular intervals The efficiency of each digestive step was evaluated
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for the duration of the study period. MPF in treatment water, pseudofeces, and feces were n Iy n F n &) ) :, E] u Y by calculating the change in total surface area
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digestive step (Fig. 7). The FlowCam captured an
image of each particle (microplastic or plankton)
from which the area-based diameter (ABD) was

The image recognition function in VisualSpreadsheet discriminates particles based on
morphology. Woods et al. selected a sampling of fiber images from all particulate matter e 4
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i@aged and eX.ecuted Fhe image recognition ﬁ.mction in VisualSpr.eadsheet. Images of calculated by VisualSpreadsheet. The efficacy of &
similar, fiber-like particles were filtered from. images of other partl.culate matter. Both each digestive step is indicated by the reduction Area (ABD)
lf\l/l[)PF ;md natull‘f ll)é—(()ic%rrlliﬁ)lfibers dp.rest?t Htl t(}ile treatmgilt. (m(;l Elnehﬁbe?s, le;l:)orat;)ry Figure 4. (Above) Polyethylene terephthalate microplastic fibers (MPF) as imaged by the in total particulate matter ABD. Lorenz et al.
eI5) were coliettett. e HSCC 1N LIS STUAY WETE ODLAINCA DY Shealing HDELs Hom FlowCam. The crisp, non-weathered edges of the above MPF distinguished these from other observed that the complete digestion process (all : : : : :
Wi ' ’ Figure 6. (Ab I f particulate matt mple prior to enzymatic
polyethylene terephthalate fabric with a blade and therefore showed sharp, non-weathered naturally-occurring, weathered fibers, Credit: Woods et al. (2017). six steps) resulted in a 98.6% reduction in total 8 (Above) Images of particulate matter in sample p Y

digestion. Note images of diatoms, dinoflagellates, zooplankton, and detritus,

edges which were used to distinguish MPF from naturally occurring fibers which showed
much of which is removed by the digestive process. Credit: Lorenz et al. (2017).

frayed, weathered edges. After MPF were identified using VisualSpreadsheet’s image

recognition capability, the total number of images within that set were enumerated by E:]] [ E = E E @ Q D G B @ E] (=] @ &)
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particle area.

E @ @ | Following the digestion, the remaining particulate
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VisualSpreadsheet (Fig.4). 84 121 122 123 F qpg 131 # g 171 175 79 181 2 @ 231 “ 243 258 253 5 274 309 matter was filtered from the water matrix. The enzymatic-oxidative treatment  summarized area of all
| | g E‘H; D D D E E;] g E ® @ E total area of particulate matter per mL of sample (Loder et al. 2017) remaining particles per
Woods et al. found that microalgal uptake rates were greatly reduced in mussels exposed 390 Mo & ¥ g7 458 459 # 182 ¥ 526 527 590 was calculated using the FlowCam to determine 1 mL sample

to concentrations of 15,000 MPF/L or greater. Pseudofeces production showed positive

correlation with MPF uptake rates at 30,000 MPF/L. A single fecal pellet showed up to 70
MPE Figure 5. (Above) Rhodomonas salina imaged by the FlowCam at 10X. Credit: Fluid Imaging

Technologies, Inc.
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an appropriate volume to be filtered so as not to
overburden the filter.
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for the capability to automatically classify organisms and/or particles in samples based

on image analysis. Today there are over 400 FlowCams being used in 50+ countries to

Figure 8. (Above) A phytoplankton community from the Gulf of Maine imaged by the
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