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Transforming Food and Water Safety with 

Innovative Nanoscale Plastic Reference Materials

Background
Plastic waste is a pressing environmental concern with plastic particles 

having been detected in oceans and rivers as well as in the creatures 

living in them, making it highly likely to enter the food supply and lead 

to human exposure [1-3]. As plastic in the environment weathers, it 

degrades into smaller pieces while being chemically altered. This is 

particularly concerning for nanoplastics because they can cross 

biological barriers and become embedded in tissue, potentially leading 

to poor health and providing a direct path into the human food supply. 

Ideally, it would be possible to directly quantify nanoplastic 

concentration in situ and correlate plastic exposure with health 

outcomes. While this is possible using engineered colloidal particles, 

these materials are not representative of the types of plastic found in 

the environment. To validate nanoplastic detection efficiency and 

better understand the potential health impacts of nanoplastic 

exposure, new types of reference material are needed which capture 

the heterogeneity found in environmental samples as well as the 

altered chemistry that is indicative of weathering [1-3]. Such samples 

will provide valuable insight to health and regulatory bodies around the 

world studying the impacts of plastic waste on food and water safety.

Using an ultrashort laser, it is 

possible to perform cold ablation of a 

material by using wavelengths where 

minimal heat is deposited into the 

sample via linear absorption and 

instead bonds are broken via 

multiphoton processes. This 

approach is remarkably flexible, 

allowing for the fabrication of 

different nanoplastics from a range 

of plastic source materials without 

changes to the overall setup; we 

have demonstrated the production of 

nanoplastic polypropylene (PP), 

high-density polyethylene (HDPE) 

and polyethylene terephthalate 

(PET). Notably, the source material 

is both highly purified (PP and PE) 

and commercial stock which 

includes other additives (PET), 

demonstrating the versatility of this 

approach. An additional benefit of 

this approach is that the removed 

material is charged due to electron 

removal and remains stable against 

aggregation in a range of media.

Methods

Chemical Characterization

Conclusion
Environmental plastic waste is a significant concern for the 

contamination of water and food supplies. While technologies exist 

for quantifying microplastic content, it remains challenging to 

determine nanoplastic exposure for humans and animals. Both the 

short- and long-term effects of this potential exposure are also 

unclear. We have developed a new technique that can generate nano 

scale plastic reference materials that mimic environmental 

contaminants, both in terms of chemical signature and physical 

shape. Importantly, these reference materials also provoke pro-

inflammatory responses consistent with other findings on 

environmental plastic exposure. Taken together, we believe these 

materials will provide valuable new tools for understanding the effects 

of and quantifying the amount of nanoplastics in the water and food 

supply. 

Biological Characterization

Figure  2. Laser Ablation of Plastic
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Figure  1. Environmental Plastic Waste
Plastic waste recovered from soil samples.

Physical Characterization
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Using an ultrashort laser to ablate bulk plastics, nanoscale 

particles are ejected into the water bath and can be collected 

directly. 

Figure 4: Treatment with laser machined nanoplastics decreases 

viability and upregulates ROS. 

(A) Schematic representation of intestinal organoid generation and plastic

treatment. Generated using Biorender.com (B) Relative viability of organoids 

after 5 days of treatment. (C) Levels of ROS after 5 days of nanoplastic 
exposure.  Values on each graph are shown as mean ± SD of three 

independent experiments (n = 3). Statistical significance was determined with 

one-way ANOVA . P > 0.05 was considered not significant. *P < 0.05; **P < 

0.01; ***P < 0.001.

Figure  2. Infrared Spectrum of Plastics

(A) Comparison of unmodified PP (black), 

PP from an environmental source (red) and 

ablated PP (blue). Highlighted are 

increased molecular vibrations associated 

with oxygen groups. (B) Comparison of 

unmodified and ablated HDPE (red and 

black) and PET (blue and green).

Plastic waste recovered from the 

environment often shows evidence of 

chemical modifications associated with 

weathering. For example, as shown to the 

right, the IR spectrum of PP recovered from 

the environment is modified from pristine 

PP. We find similar chemical modifications 

for laser ablated PP, as shown in the 

highlighted area. For both environmental 

and ablated plastic, the chemical changes 

are consistent with increased oxygen 

groups such as carbonyls. 

We observe similar chemical changes for 

both HDPE and PET when comparing the 

ablated material to the original plastic, as 

can be seen in the lower panel. In both 

cases, the chemical fingerprint of the 

pristine plastic is evident with modifications 

that are associated with increased oxygen 

content, strongly suggesting our reference 

material captures the effects of weathering.  

Plastic accumulation in animals and 

humans is correlated with 

inflammation and poor health 

outcomes, but causal relationships 

are difficult to establish. A significant 

confounding factor has been the 

relatively limited response of cell 

systems to synthesized nanoplastic 

beads [2]. 

Using model intestinal organoids, we 

tested two types of synthesized 50 

nm polystyrene beads, either without 

(PS 50) or with (PS50-COOH) 

additional surface functionalization. 

We compared the effects of these 

beads to the laser-ablated 

nanoplastics (HDPE, PET, PP). 

Using equivalent doses (1012

particles/ml) of each type of plastic, 

we find that laser ablated 

nanoplastics significantly reduce cell 

viability and can induce the formation 

of reactive oxygen species (ROS), 

among other markers of inflammation 

when compared to PS beads. This 

suggests laser ablated nanoplastics 

could be used as a positive control to 

help determine the health impacts of 

exposure to environmental plastics. 

Using atomic force microscopy (AFM), it is 

possible to characterize the 3D morphology 

of the laser-ablated nanoplastics. Here we 

show representative data for PP laser 

ablated plastics. We find that particle sizes 

are highly heterogeneous with a median 

height of 2 nm and a median radius of 12.3

nm. 

Interestingly, we also find that the particles 

can be highly asymmetric with aspect ratios 

(radius/height) varying from 1 to 12. These 

results are reminiscent of environmental 

plastics which are often found to vary 

significantly is size and shape. 

While not shown here, we find similar 

behaviour for HDPE and PET laser ablated 

nano-plastics with heterogeneous 

distributions and widely varying aspect ratios.  

Figure  3. Atomic Force Microscopy of PP Nanoplastic

(A) AFM image of PP nanoplastics. (B) Height distribution of PP nanoplastics showing a wide distribution of particle sizes. 

(C) Equivalent radius distribution of PP nanoplastics. Equivalent radius is a method of representing to 2D projection of the 

area. (D) Aspect ratio distribution. Note, we find similar types of distributions for laser ablated HDPE and PET.
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