
Figure 2: 10 µm histological slice of
an exposed and control D. magna.
Fig 2A: Reference brightfield image
of a D. magna. Fig 2B: Exposed D.
magna with a red box indicating
which part of the D. magna was
imaged in Fig 2C. This part of the D.
magna is where the gut lining can
be seen, and the dark black area
indicating an accumulation of
particles. Fig 2C: 10x image of the
D. magna slice on the CytoViva;
magnification of the area outlined by
the red box in Fig 2B. Fig 2D: The

Illuminating Plastic Pollution: Using Enhanced Darkfield Hyperspectral Imaging to Detect 
Microplastic and Nanoplastic Uptake in Organisms

Introduction

Methods

Plastic waste accumulating in the environment has been shown
to degrade into smaller microplastics and nanoplastics (MNP)
due to natural weathering. With the limited knowledge of the
toxicity, impact on the environment, and fate of MNP, it is vital
that these tiny particles be identified and characterized. Research
has focused on detecting MNP, but some methods have
drawbacks and limitations, such as the destruction of the sample,
long sample preparation time, and the inability to detect
nanoplastics. This study focuses on developing a faster
methodology to detect MNP in organisms while preserving the
sample.

Daphnia magna were exposed to polystyrene (PS) particles (3
µm) over a period of 48 hours at the following concentrations:
100, 5, 1, and 0.1 ppm. After exposure, D. magna were fixed in
10% formalin for 24 hours and rinsed with phosphate buffered
saline (PBS). D. magna were then frozen and sliced into 10 µm
slices using the cryotome. Using the hyperspectral imaging
capability of the CytoViva, plastics were identified within the
organism.

Key Findings

1) This work provides a label-free method to detect and
identify internalized MNP which then can be applied in
toxicology studies, eliminating the need to use
fluorescent particles.

2) The instrument can detect particles as small as 100
nm, allowing researchers to detect nanoplastic uptake
by organisms. This, in theory, allows for
environmentally relevant MNP to be detected.
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Figure 1: Graphic representation of the methodology 

Figure 3: Each
spectrum is an
average of 3 pixels
from the darkfield
image in Fig 2C.
Fig 3A: Spectra of
PS particles. Fig
3B: Spectra of D.
magna biomass.
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Conclusions and Future Work
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3) These findings open doors for studying the internalization
of MNP by organisms in the environment, providing
researchers key ecotoxicology insights on the impacts of
nanoplastics.

4) Future work needs to focus on improving the accuracy of 
the spectral mapping tool, by creating a larger library 
containing plastic particles mixed with biomass, varied 
sizes of particles, weathered plastics, and different types of 
plastics. 

10 µm

red pixels indicate where the spectral mapping tool identified PS particles. This was completed by comparing the spectra
of the pixels on the sample image with those stored in a reference library of pristine PS particles. Fig 2E: Image of a D.
magna slice from control treatment. Fig 2F: Darkfield image of the same slice observed in Fig 2E. Fig 2G: Spectral
mapping was applied to this image. The lack of red pixels indicates that plastic was not identified.
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