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Figure S1. Reference image of plastic microplastics and nanoplastics. Figure S1A is a darkfield 
image of 750 nm PS particles. Figure S1B is a darkfield image of 500 nm PS particles. Fig S1C 
is a darkfield image of 200 nm PTFE particles. Figure S1D is a darkfield image of PVC particles 
with an average size of 63 µm. Figure S1E is a darkfield image of PE particles with an average 
size of 3 µm. Figure S1F is a darkfield image of 1 to 10 µm PMMA particles. Figure S1C, D, 
and F were acquired with a half field of view and cropped for visualization purposes. Figure S1A 
and B brightness and contrast were increased by 40%, and sharpness was increased by 50% for 
visualization purposes. Figure S1E’s sharpness was also increased by 50% for visualization 
purposes. Original images can be provided upon request.  

  



 

Figure S2. Detection of 750 nm PS within a whole unstained organism. Figure S2A is a 20 µm 
thick histological slice of a D. magna exposed to 750 nm PS at 0.1 ppm. The gut region of the D. 
magna is outlined in green. Figure S2B is a darkfield image acquired on the EDF-HSI 
microscope. This image is taken in the gut region, as shown by the blue box. The orange arrow 
points to an area where only biomass is present. Figure S2C shows the Spectral Angle Mapping 
of the darkfield image taken in Figure S2B. Areas in red indicate where the spectra matched the 
reference spectra for PS. Figure S2D is the normalized average spectrum of 50 pixels of biomass 
from Figure S2B, and the normalized average spectrum of 50 pixels of 750 nm PS from Figure 
S2B. The peak wavelength for unstained biomass is 596 nm, and the peak wavelength for PS 
within the histological slice is 595 nm. Figure S2A’s scale bar represents 200 µm, and in Figures 
S2B and S2C, the scale bar represents 10 µm. Figure S2A’s brightness was decreased by 20%, 
contrast increased by 40%, and sharpness increased by 50%. Figure S2B and S2C’s brightness 
and contrast were increased by 40%, and the sharpness was increased by 50%. These changes 
were made for visualization purposes, and original images can be provided upon request.  
  



 

Figure S3. Detection of 750 nm PS within a whole unstained organism. Figure S3A is a 20 µm 
thick histological slice of a D. magna exposed to 750 nm PS at 0.1 ppm. The gut region of the D. 
magna is outlined in green. Figure S3B is a darkfield image acquired on the EDF-HSI 
microscope. This image is taken in the gut region, as shown by the blue box. The orange arrows 
point to an area where only biomass is present. Figure S3C shows the Spectral Angle Mapping of 
the darkfield image taken in Figure S3B. Areas in red indicate where the spectra matched the 
reference spectra for PS. Figure S3D is the normalized average spectrum of 50 pixels of biomass 
from Figure S3B and the normalized average spectrum of 50 pixels of 750 nm PS from Figure 
S3B. The peak wavelength for unstained biomass is 595 nm, and the peak wavelength for PS 
within the histological slice is 591 nm. Figure S3A’s contrast was increased by 40% and 
sharpness by 50% for visualization purposes. Original images can be provided upon request. 
Figure S3A’s scale bar represents 200 µm, and in Figure S3B and S3C, the scale bar represents 
10 µm. 
 
  



 

 

Figure S4. Each graph shows the average normalized spectrum of 50 pixels of the respective 
polymer type after being stained with different concentrations of H&E stain. Figure S4 A, B, C, 
D, and E show PS, PE, PVC, PTFE, and PMMA spectra, respectively, after staining with 5%, 
10%, 25%, 50%, and 100% H&E stains. The 0% stain in each graph corresponds to the reference 
spectrum of unstained plastic.  
  



 
Figure S5. Second replicate of H&E staining of histological slices at different stain 
concentrations. All D. magna were exposed to 750 nm PS at 0.1 ppm, and all histological slices 
were 20 µm thick. Figure S5A presents the normalized average spectra of 50 pixels of biomass 
from each histological slice from Figure S5B, D, F, H, J, and L (scale bar: 10 µm). The spectrum 
of reference PS in a histological slice is also presented in Figure S5A (solid black). Figure S5B is 
unstained, and the corresponding Spectral Angle Mapping image is in Figure S5C, where red 
parts indicate mapped areas (i.e., spectra of the red areas match with the PS reference library). 
The remaining panels show images of D. magna stained with different concentrations of stain: 
Figure S5D-E have been stained with 5% H&E, Figure S5F-G have been stained with 10% 
H&E, Figure S5H-I have been stained with 25% H&E, Figure S5J-K have been stained with 
50% H&E, and Figure S5L-M have been stained with 100% H&E. Figure S5C, E, G, I, K and M 
are the Spectral Angle Mapping images where red parts indicate mapped areas (scale bar: 10 
µm). Green boxes on Figure S5B, D, F, H, J, and L indicate where the biomass spectra for each 
staining concentration were taken from.  
 



 
Figure S6. Third replicate of H&E staining of histological slices at different stain 
concentrations. All D. magna were exposed to 750 nm PS at 0.1 ppm, and all histological slices 
were 20 µm thick. Figure S6A presents the normalized average spectra of 50 pixels of biomass 
from each histological slice from Figure S6B, D, F, H, J, and L (scale bar: 10 µm). The spectrum 
of reference PS in a histological slice is also presented in Figure S6A (solid black). Figure S6B is 
unstained, and the corresponding Spectral Angle Mapping image is in Figure S6C, where red 
parts indicate mapped areas (i.e., spectra of the red areas match with the PS reference library). 
The remaining panels show images of D. magna stained with different concentrations of stain: 
Figure S6D-E have been stained with 5% H&E, Figure S6F-G have been stained with 10% 
H&E, Figure S6H-I have been stained with 25% H&E, Figure S6J-K have been stained with 
50% H&E, and Figure S6L-M have been stained with 100% H&E. Figure S6C, E, G, I, K and M 
are the Spectral Angle Mapping images where red parts indicate mapped areas (scale bar: 10 
µm). Green boxes on Figure S6B, D, F, H, J, and L indicate where the biomass spectra for each 
staining concentration were taken from.  
  



Table S1. Peak wavelength of 50 pixels of biomass for each H&E staining concentration. 
The average peak wavelength is the average across the three replicates, and its standard 
deviation.  

 

H&E staining 
concentration 

Peak wavelength 
replicate 1 (nm) 

Peak wavelength 
replicate 2 (nm) 

Peak wavelength 
replicate 3 (nm) 

Average peak 
wavelength (nm) 

0% 597.38 596.10 594.83 596.10 ± 1.27 
5% 615.24 635.77 615.24 622.08 ± 11.85 

10% 638.34 615.24 639.63 631.07 ± 13.73 
25% 655.12 656.42 657.71 656.42 ± 1.29 
50% 683.71 656.42 657.71 665.95 ± 15.40 

100% 657.71 670.69 670.69 666.36 ± 7.49 

 

 
 

Table S2. Statistical analysis on the Spectral Angle Mapping tool at different H&E staining 
concentrations. 

H&E staining concentration: 0% 5% 10% 25% 50% 100% 
Percent true positive  
(correctly detected particle) 

96.26 ± 
4.12% 

99.27 ± 
0.64% 

87.71 ± 
8.47% 

94.38 ± 
3.35% 

87.45 ± 
6.32% 

89.45 ± 
0.95% 

Percent false negative  
(particle present but not detected) 

3.74 ± 
4.12 % 

0.73 ± 
0.64% 

12.29 ± 
8.47% 

5.62 ± 
3.35% 

12.55 ± 
6.32% 

10.55 ± 
0.95% 

Percent false positive (detected but 
no particle present) 

too high to 
count 

too high to 
count 

12.33 ± 
12.33% 

6.88 ± 
3.04% 

7.68 ± 
2.35% 

5.53 ± 
3.92% 

   



 

Figure S7. The average spectrum of a reference PS is compared with that of PS within a 
histological slice stained with 25% H&E. The average peak wavelength of reference PS particles 
is 595 nm, and the average peak wavelength of PS particles within the histological slice is 597 
nm. The average normalized spectrum for 750 nm PS control and within a sample were 
calculated from 50 pixels.  

 

 

Figure S8. A control D. magna's gut was imaged. Figure S8A is a darkfield image of a 
histological slice of the control sample. The gut region is outlined in blue. Figure S8B is a 
darkfield image acquired on the EDF-HSI microscope of an area in the gut. Figure S8C is the 
corresponding mapped image, where it is evident that the Spectral Angle Mapping tool did not 
detect any plastic particles within the control sample. 

 

  



 

Figure S9. Different plastic types stained with 25% H&E. Figure S9 A, B, C, D, and E are the 
darkfield images of 25% H&E stained 750 nm PS, 63 µm PVC, 200 nm PTFE, 1-10 µm PMMA, 
and 3 µm PE particles, respectively. Figure S9F, G, H, I, and J are the corresponding mapped 
images for each plastic type using the Spectral Angle Mapping tool, indicating that all particles 
were detected. This demonstrates that different plastic particles are not affected by the staining 
protocol and remain unlabeled. Figure S9K, L, M, N, and O show the average spectrum of 
unstained and stained particles for each plastic type. Here, the shape of the graph and the peak 
wavelength remain very similar before and after staining, except for PMMA, which has a 
shallower spectrum from 400 nm to 616 nm, resulting in the incomplete mapping of PMMA 
particles seen in Figure S9I. The peak wavelength before staining of PS is 595 nm, PVC is 615 
nm, PTFE is 595 nm, PMMA is 594 nm, and PE is 596 nm. The reference spectra of the plastics 
(i.e. unstained plastic spectra) have been reused in all replicates (Figures S10 and S11). The peak 
wavelength after staining for PS is 596 nm, PVC is 615 nm, PTFE is 595 nm, PMMA is 595 nm, 
and PE is 594 nm. Figure S9B, C, E, F, G, H, and J were acquired with a half field of view and 
cropped for visualization purposes. Figure S9A and D’s brightness and contrast were increased 
by 40% and sharpness increased by 50%. Figure S9E’s brightness was increased by 20%, 
contrast was increased by 40%, and sharpness increased by 50%. Figure S9B sharpness was 
increased by 50%. Figure S9C’s sharpness was increased by 50% and brightness by 40%. These 
changes were made for visualization purposes, and raw images can be provided upon request. 
Figure S9B and S9G’s scale bar represents 30 µm, and the remaining images’ scale bar 
represents 10 µm. 

 
 



 

Figure S10. Second replicate of different plastic types stained with 25% H&E. Figure S10A, B, 
C, D, and E are the darkfield images of 25% H&E stained 750 nm PS, 63 µm PVC, 200 nm 
PTFE, 1-10 µm PMMA, and 3 µm PE particles, respectively. Figure S10F, G, H, I, and J are the 
corresponding mapped images for each plastic type using the Spectral Angle Mapping tool, 
indicating that all particles were detected. This demonstrates that different plastic particles are 
not affected by the staining protocol and remain unlabeled. Figure S10K, L, M, N, and O show 
the average spectrum of unstained and stained particles for each plastic type. The peak 
wavelength before staining of PS is 595 nm, PVC is 615 nm, PTFE is 595 nm, PMMA is 594 
nm, and PE is 596 nm. The reference spectra of the plastics (i.e. unstained plastic spectra) have 
been reused in all replicates (Figures S9 and S11). The peak wavelength after staining for PS is 
596 nm, PVC is 617 nm, PTFE is 591 nm, PMMA is 596 nm, and PE is 617 nm. Figure S10A, 
C, E, F, H, and J were acquired with a half field of view and cropped for visualization purposes. 
Figure S10A and D’s brightness and contrast were increased by 40% and sharpness increased by 
50%. Figure S10B’s brightness was increased by 20%, contrast was increased by 40%, and 
sharpness was increased by 50%. These changes were made for visualization purposes, and raw 
images can be provided upon request. Figure S10B and S10G’s scale bar represents 30 µm, and 
the remaining images’ scale bar represents 10 µm. 

  



 

Figure S11. Third replicate of different plastic types stained with 25% H&E. Figure S11A, B, C, 
D, and E are the darkfield images of 25% H&E stained 750 nm PS, 63 µm PVC, 200 nm PTFE, 
1-10 µm PMMA, and 3 µm PE particles, respectively. Figure S11F, G, H, I, and J are the 
corresponding mapped images for each plastic type using the Spectral Angle Mapping tool, 
indicating that all particles were detected. This demonstrates that different plastic particles are 
not affected by the staining protocol and remain unlabeled. Figure S11K, L, M, N, and O show 
the average spectrum of unstained and stained particles for each plastic type. The peak 
wavelength before staining of PS is 595 nm, PVC is 615 nm, PTFE is 595 nm, PMMA is 594 
nm, and PE is 596 nm. The reference spectra of the plastics (i.e. unstained plastic spectra) have 
been reused in all replicates (Figures S9 and S10). The peak wavelength after staining for PS is 
596 nm, PVC is 617 nm, PTFE is 595 nm, PMMA is 596 nm, and PE is 615 nm. Figure S11A, 
B, C, F, G, and H were acquired with a half field of view and cropped for visualization purposes. 
Figure S11A’s brightness and contrast were increased by 40% and sharpness increased by 50%. 
Figure S11B and C’s contrast was increased by 40% and sharpness was increased by 50%. 
Figure S11D’s brightness was increased by 20%, contrast was increased by 40%, and sharpness 
was increased by 50%. These changes were made for visualization purposes, and raw images can 
be provided upon request. Figure S11B and S11G’s scale bar represents 30 µm, and the 
remaining images’ scale bar represents 10 µm. 

  



Validating Spectral Angle Mapping. An optical photothermal infrared (O-PTIR) microscope 
was used to validate the Spectral Angle Mapping tool's detection of PE, PTFE, PVC, PMMA, 
and PS. The O-PTIR microscope model is a mIRage-R from Photothermal Spectroscopy 
Corporation. The microscope is fitted with an IR pump beam (MIRcat 2400, Daylight) and a 532 
nm probe laser. The IR has a range between 1800–800 cm−1 and 3000–2650 cm−1. An Avalanche 
Photodiode is also used to improve the sensitivity. In general, the O-PTIR measures the 
photothermal response of the sample by using a pump-probe mechanism. O-PTIR validation was 
completed for PTFE, PE, PVC, and PMMA using the same slices seen in Figure 4. However, for 
PS, the small size of the particles along with the low concentration makes it difficult to obtain PS 
spectra using O-PTIR. Hence, D. magna was exposed to 1 ppm of 750 nm PS, which allowed for 
better IR acquisition using O-PTIR. In Figure S14, it can be observed that the Spectral Angle 
Mapping tool correctly detected PS, as shown by the IR spectra in Figure S14E. This validation 
also demonstrates how the method in this study can be used in conjunction with other 
characterization techniques.  
 

 
Figure S12. Figure S12A is the darkfield image of a section of the gut from a D. magna exposed 
to 0.1 ppm of PTFE. Figure S12B is the corresponding hyperspectral image showing the detected 
PTFE particles in red. Figure S12E is an image captured on the O-PTIR microscope, where the 
red crosshairs indicate where IR signals were acquired and corresponded to PTFE. Figure S12I is 
the average IR signal from the points shown in Figure S12E. The average IR spectrum matches 
that of reference PTFE, shown by the black spectra. The red highlights indicate the characteristic 



peak wavenumbers for PTFE (1209 cm-1, and 1151 cm-1). Figure S12C is the darkfield image of 
a D. magna exposed to 1 ppm of PE. Figure S12D is the corresponding hyperspectral image 
showing the detected PE particles in red. Figure S12G is an image captured on the O-PTIR 
microscope, where the red crosshairs indicate where IR signals were acquired and correspond to 
PE. Figure S12K is the average IR signal from the points shown in Figure S12G. The average IR 
acquired on the O-PTIR matches that of reference PE, shown by the black spectra. The red 
highlights indicate the characteristic peak wavenumber for PE (2850 cm-1, 1720 cm-1, and 1476 
cm-1). The same field of view was imaged using the EDF-HSI and O-PTIR microscopes. The red 
crosshairs in Figure S12F and S12H indicate where IR signals were acquired that correspond to 
biomass. In Figure S12J and S12L, the red highlight indicates characteristic peak wavenumbers 
for biomass (2925 cm-1 and 1746 cm-1).1 Figure S12A and B’s scale bar represents 10 µm, and 
Figures S12C-H’s scale bar represents 20 µm.  

  



 
Figure S13. Figure S13A is the darkfield image of a section of the gut from a D. magna exposed 
to PMMA. Figure S13B is the corresponding hyperspectral image showing the detected PMMA 
particles in red. Figure S13E is an image captured on the O-PTIR microscope, where the red 
crosshairs indicate where IR signals were acquired and corresponded to PMMA. Figure S13I is 
the average IR signal from 12 points shown in Figure S13E. The average IR spectrum matches 
that of reference PMMA, shown by the black spectra. The red highlights indicate the 
characteristic peak wavenumbers for PMMA (1725 cm-1 and 1151 cm-1).1 Figure S13C is the 
darkfield image of a D. magna exposed to PVC. Figure S13D is the corresponding hyperspectral 
image showing the detected PVC in red. Figure S13G is an image captured on the O-PTIR 
microscope, where the red crosshairs indicate where IR signals were acquired and correspond to 
PVC. Figure S13K is the average IR signal from 18 points shown in Figure S13G. The average 
IR spectrum acquired on the O-PTIR matches that of reference PVC, shown by the black spectra. 
The red highlights indicate the characteristic peak wavenumber for PVC (1427 cm-1 and 1255 
cm-1). The same field of view was imaged using the EDF-HSI and O-PTIR microscopes. The red 
crosshairs in Figure S13F and S13H indicate where IR signals were acquired that correspond to 
biomass. In Figure S13J and S13L, the red highlight indicates characteristic peak wavenumbers 
for biomass (2925 cm-1 and 1746 cm-1).1 Figure S13A-D’s scale bar represents 10 µm, and 
Figures S13E-H’s scale bar represents 20 µm.  
  



 
Figure S14. Figure S14A is the darkfield image of a section of the gut from a D. magna exposed 
to 1 ppm of 750 nm PS. Figure S14B is the corresponding hyperspectral image showing the 
detected PS particles in red. Figure S14C is an image captured on the O-PTIR microscope, where 
the red crosshairs indicate where IR signals were acquired and corresponded to PS. Figure S14E 
is the average IR signal from 19 points shown in Figure S14C. The average IR spectrum matches 
that of reference PS, shown by the black spectra. The red highlights indicate the characteristic 
peak wavenumbers for PS (1492 cm-1 and 1601 cm-1).1 The same field of view was imaged using 
the EDF-HSI and O-PTIR microscopes. The red crosshairs in Figure S14D indicate where IR 
signals were acquired from 20 points that correspond to biomass. In Figure S14F, the red 
highlight indicates characteristic peak wavenumbers for biomass (2925 cm-1 and 1746 cm-1).1 
Figure S14A and B’s scale bar represents 10 µm, and Figures S14C and D’s scale bar represents 
20 µm.  
  



 

Figure S15. Second replicate of detecting different polymers in D. magna. The darkfield images 
of D. magna exposed to (A) 0.1 ppm of 200 nm PTFE, (B) 1 ppm of 1-10 µm PMMA, (C) 1 ppm 
of 3 µm PE, and (D) 10 ppm of 63 µm PVC are shown in the first row. In the second row, 
corresponding red pixels matched by the Spectral Angle Mapping Tool for (E) PTFE, (F) 
PMMA, (G) PE, and (H) PVC are shown. The last row shows the control and stained polymer 
spectra of (I) PTFE, (J) PMMA, (K) PE, and (L) PVC. The peak wavelength of PTFE, PMMA, 
PE, and PVC within the sample is 594 nm, 638 nm, 615 nm, and 615 nm, respectively, whereas 
the control (unstained) PTFE, PMMA, PE, and PVC is 595 nm, 594 nm, 596 nm, and 615 nm, 
respectively. The reference spectrum for the unstained plastic particles (blue curve) is the same 
in all replicates. Scale bar in all images represent 10 µm. Figure S15A and S15E’s brightness and 
contrast have been increased by 20%. Figure S15C and S15G’s brightness was increased by 
20%. Figure S15D and S15H’s brightness was increased by 20% and sharpness was increased by 
50%. These changes were made for visualization purposes, and original images can be provided 
upon request.  
  



 
Figure S16. Third replicate of detecting different polymers in D. magna. The darkfield images 
of D. magna exposed to (A) 0.1 ppm of 200 nm PTFE, (B) 1 ppm of 1-10 µm PMMA, (C) 1 ppm 
of 3 µm PE, and (D) 10 ppm of 63 µm PVC are shown in the first row. In the second row, 
corresponding red pixels matched by the Spectral Angle Mapping Tool for (E) PTFE, (F) 
PMMA, (G) PE, and (H) PVC are shown. The last row shows the control and stained polymer 
spectra of (I) PTFE, (J) PMMA, (K) PE, and (L) PVC. The peak wavelength of PTFE, PMMA, 
PE, and PVC within the sample is 615 nm, 617 nm, 596 nm, and 617 nm, respectively, whereas 
the control (unstained) PTFE, PMMA, PE, and PVC is 595 nm, 594 nm, 596 nm, and 615 nm, 
respectively. The reference spectrum for the unstained plastic particles (blue curve) is the same 
in all replicates. Scale bar in all images represent 10 µm. Figure S16C and S16E’s brightness and 
contrast have been increased by 20%. Figure S16C and S16G’s brightness was increased by 
20%. Figure S16D and S16H’s brightness was increased by 40%. These changes were made for 
visualization purposes, and original images can be provided upon request.  
  



Vertical Image Stacks. The 20 µm thick histological slices result in some areas of acquired 
darkfield images to be more in-focus than other parts, as evident in Figure S17B, where particles 
in focus are identified with a green arrow. The remaining particles are visually observed but are 
distorted due to the scattering of light. This results in the Spectral Angle Mapping tool 
identifying more areas as plastic, as evident in Figure S17E. To address this, images were 
acquired throughout the histological slice’s z-axis, creating a vertical stack of images, shown in 
Figure S17B-D. Acquiring images at various focal depths is helpful in visually confirming 
particles that are present in those areas. Figure S17F-G confirm that the Spectral Angle 
Mapping algorithm correctly detected nanoplastics; the green arrows in Figure S17C and S17D 
point to particles that were not in focus in Figure S17B. An additional example of a vertical 
stack can be observed in Figure S18.  

 

Figure S17. Vertical stack of D. magna exposed to 750 nm PS particles at a concentration of 0.1 
ppm. Histological slices were stained with 25% H&E staining. Figure S17A is a diagram 
showing the side view of a histological slice and shows an example of different focal planes in a 
histological slice. Figure S17B is the first image in the vertical stack, where the green arrows 
point to a few particles that are in focus compared to the other particles. Figure S17E is the 
corresponding Spectral Angle Mapping image, where red parts indicate the detection of the PS 
particles. Figure S17C is the second image in the stack, where the distorted particles from Figure 
S17B are in focus, shown by the green arrows. Figure S17F is the corresponding Spectral Angle 
Mapping image, where red parts indicate the detection of the PS particles. Figure S17D is the last 
image in the vertical stack, where new particles in focus are shown with a green arrow. Figure 
S17G is the corresponding Spectral Angle Mapping image, where red parts indicate the detection 



of the PS particles. Figure S17A was created in BioRender. Saherwala, A. (2025) 
https://BioRender.com/0zwx9ju  



 

 

Figure S18. Images at various focal depths to acquire a "z-stack." Figure S18A is the first image 
in the stack where everything is out of focus. Figure S18B and S18C focus on more particles, as 
shown by a green arrow on each respective image. Figure S18D is the last image, where most of 
the particles are out of focus. The D. magna was exposed to 750 nm PS at a concentration of 0.1 
ppm. The darkfield images were captured with a half-field of view. 

  



In future work, thinner histological slices can be acquired to reduce the number of particles that 
are out of focus. Another advantage of using thinner histological slices (i.e. 10 µm) is that this 
can enhance particle detection in a sample by minimizing biomass interference. The thinner 
histological slice results in less biomass being present on a slice and thus less z-axis variability in 
a slice. This can be observed in Figure S19, where a single image captures all particles in focus 
within the field of view. These factors can result in better particle detection as biomass 
interference would be reduced. However, slices that are too thin may compromise the structural 
integrity of the organism and disrupt particle localization. For example, in Figure S20A, it can 
be observed that the structural integrity of the sample is disrupted, and less biomass is present 
compared to Figure S20B. This is due to the thinner cryotome slice, which makes it challenging 
to transfer onto a glass slide without disturbing the sample. Thus, while thinner slices may 
improve particle mapping and detection, they may not be suitable for researchers interested in 
the spatial distribution of particles within the organism. In such cases, 20 µm thick slices should 
be used.  
 

 
Figure S19. Particle detection in 10 µm thick histological slices. Figure S19A, C and E are three 
separate slices of D. magna exposed to 750 nm PS particles at 0.1 ppm and stained with 25% 
H&E stain. Figure S19B, D and F are the corresponding mapped images.  
  



 
Figure S20. Comparing structure of D. magna in 10 µm thick slice versus 20 µm thick slice. The 
D. magna was exposed to 750 nm PS at 0.1 ppm and stained with 25% H&E. Figure S20A and B 
are slices from the same D. magna that were acquired sequentially. Figure S20A is the 10 µm 
thick slice, and Figure S20B is the 20 µm thick slice. The green circle in both images shows the 
gut area. The scale bar represents 250 µm.  
  



 
Figure S21. The second replicate of detecting ingested 500 nm PS at an exposure concentration 
of 0.01 ppm in D. magna. Histological slices were stained with 25% H&E stain. Figure S21A is 
the darkfield image acquired on the EDF-HSI microscope. Figure S21B is the corresponding 
Spectral Angle Mapping image, which shows the detection of PS particles in red. In Figure 
S21C, the blue curve is the average normalized spectrum of 50 pixels of plastic particles, and the 
black curve shows the average normalized spectrum of 50 pixels of biomass from Figure S21A. 
The peak wavelength for 500 nm PS and biomass is 595 nm and 659 nm, respectively. The 
brightness of Figures S21A and S21B has been increased by 40% to improve visualization. 
Figure S21A’s sharpness was increased by 50%. Original images can be provided upon request. 
  



 

Figure S22. Third replicate of detecting 500 nm PS at 0.01 ppm within the gut of D. magna. 
Figure S22A is the darkfield image of a histological slice of the D. magna before staining. Figure 
S22B is the darkfield image of a histological slice of the D. magna after staining. The gut region 
is outlined in blue. Figure S22C was acquired using EDF-HSI and is the darkfield image of an 
area in the gut. Figure S22D is the corresponding mapped image, where 500 nm PS particles 
have been detected in red. 
  



 
Figure S23. Detection of UV-weathered 500 nm PS. Figure S23A is the darkfield image of 500 
nm PS particles that have been UV-weathered for 2 months. Figure S23B is the corresponding 
hyperspectral image, where the particles are detected in red. In Figure S23C, the blue curve is the 
average normalized spectrum of 50 pixels of UV-weathered 500 nm PS particles from Figure 
S23A, and the black curve shows the average normalized spectrum of 50 pixels of pristine 500 
nm PS particles. The peak wavelength for weathered and pristine 500 nm PS is 591 nm and 596 
nm, respectively. The brightness and contrast of Figure S23A have been increased by 40% and 
the sharpness was increased by 50% to improve visualization. Original images can be provided 
upon request. 
  



Table S3. Comparing EDF-HSI with other microplastic and nanoplastic characterization tools. 

  Detection limit Sensitivity Spatial 
preservation Cost  

EDF-HSI 

~100 nm in a controlled 
matrix (e.g. polymeric 

suspended in DI or ultra-
pure water), whereas this 

study reports 500 nm as the 
detection limit in a 
biological matrix.2 

single particle acquisition 
is possible, resulting in 

detection of microplastics 
and nanoplastics at lower 

concentrations3 

preserves organism 
structure on tissue 
sections,4 or cells  

~150,000 
USD5 

 

O-PTIR 

reported detection limit is 
500 nm;6 however, in 
complex biological 
matrices, biomass 

interference can result in 
noisier signals. Thus, 1-2 

µm particles results in 
better signal to noise ratio.1 

single particle acquisition 
is possible, provided 

particles are larger than 
the detection limit. 

Possible to detect and 
identify microplastics at 

low concentrations.1 

preserves sample 
integrity and 

requires minimal 
sample preparation7  

>500,000 
USD8 

 

μRaman 

typical resolution is ~1 
µm;9 advancements are 

being made for sub-micron 
detection10, 11 

bulk sample analysis is the 
most common method, but 
single particle acquisition 

is also possible.12 

requires some 
sample preparation, 
such as mounting on 
suitable substrates or 
tissue digestions.9, 13 

~80,000 to 
120,000 
USD14 

 

conventional 
HSI  

 used to characterize larger 
microplastics (>100 µm).15-

18 

single point acquisition is 
common, allowing for 

analysis of single particles 
larger than the detection 

limit.15 

often requires 
dissections or 

digestions, resulting 
in a loss of spatial 

preservation.19  

~40,000 to 
200,000 
USD20 
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