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Microplastics are tiny plastic particles less than 5 mm in size resulting from the fragmentation of larger plastic debris. Humans inhale these microplastics daily, yet the 
harmful effects they pose remain largely unknown. These microplastics can be found in different shapes, sizes which is why it is very difficult to deduce their effect on 
the human respiratory system. 
In this project we adapt a device (SAGAS-Système automatisé de génération d’aérosols solides) capable of generating controlled concentrations of microplastics for 
human toxicology studies. 

• Characterization and production of microplastics.

• Establishment of calibration procedures to ensure the precise and 
consistent generation of controlled concentrations of microplastics.

• Identification of chemical markers that can be incorporated to trace the route 
of the polymers in human body.

• Characterization and production of microplastics: the plastics are going 
to be selected based on their solid state, uniform size and shape and 
representativeness of commonly used plastics (due to their widespread use 
in various industries).

• Criteria for grinding microplastics: Ensure optimal cryogenic conditions, 
maintain consistent grinding parameters, and prevent contamination 
uniform, high-quality microplastic particles. Make sure that the grinder is not 
going to melt the plastic(s).

• Cryogenisation by liquid nitrogen: Utilizes extremely low temperatures to 
embrittle microplastics, enhancing their fragmentation into uniform particles 
upon mechanical grinding → the plastics are going to ‘’freeze’’ by immersing 
them in liquid nitrogen within 2 cylinders at -180°C for 5 min (to solidify 
them), followed by grinding in a machine with an internal ball at 25 Hz for 
2min.

• SAGAS machine: First, an aerosol generator (PALAS RGB 1000 aerosol) is 
loaded with the microplastic particles into a steel cylinder. This cylinder 
undergoes a continuous thrust from bottom to top under the action of a 
piston which causes the particles to come out at its upper end. The particles 
are then driven by a rotating wire brush into which clean pressurized air is 
injected. This first mixture is transported via a conductive synthetic material 
tube to a cyclone which role is to sort particles larger than 10µm in order to 
sediment them in the disposal receptacle pot. The sorted mixture is then 
transported into the inhalation chamber where the concentration is 
measured by a laser photometer type device (Dustrak TSI). As the software 
linked to the SAGAS wasn’t available anymore the leaves between the 
sections of the system were modified (red cross in Figure 1) to bypass the 
valves that were controlled by the software.

Figure 1 : SAGAS system

• Inhalable concentrations calculation: The calculation were made based 
on the Systematic review of microplastics and nanoplastics in indoor and 
outdoor air: identifying a framework and data needs for quantifying human 
inhalation exposure¹ which provides the following table of value of inhalable 
concentrations in MPS/kg−BW/day. To transform the concentrations into 
mg/m3 the equation and values from Converting mg/L to Particles/L: 
Reconciling the Occurrence and Toxicity Literature on Microplastics² and 
Exposure Dose Guidance for Determining Life Expectancy and Exposure 
Factor (ATDSR)³ were used. For the calculation the particle is considered as 
a sphere.

Table 1: Average MPs exposure
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The polymers corresponding to our criteria are polypropylene PP and 
Poly(methyl methacrylate) PMMA. 

The results of grinding by cryogenisation gives size particles between 0.25µm 
and 13µm. We will focus on the one <10µm as they are filtered by the SAGAS. 
The size represents the diameter of our approximation. 

Figure 2: Size distribution in the inhalation chamber for PP (left) and PMMA (right)

According to Table 1 the inhalable concentration for an adult of 70kg in 
residential area equal to 2192 MPS/kg−BW/day, this value represents also the 
maximum exposure. The exposure factor is chosen equal to 0.38 as it 
corresponds to an exposure of 9 hours/day during 5 days which could 
represents the exposure of a person during work hours. 

The following tables shows the diameter size, the number of particles and their 
corresponding concentration calculated based on equation 1. These results 
prove the feasibility of the creation of a determined and controlled concentration 
of MP thanks to the variation of the speed of the brush and piston of the 
PALAS.

Table 2: Inhalable concentrations for PP (left) and PMMA (right).

For the proposed tracking methods, we suggested 2 different markers:
The first proposal suggests using non-toxic, stable fluorescent dyes like Nile 
Red to monitor microplastic inhalation, pending experimental validation.
The second proposal advocated for isotopic markers (Carbon 13 and Oxygen 
16) for precise tracking of microplastics within biological tissues, through their 
technical feasibility and cost-effectiveness require further investigation.
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Further test should be done on the SAGAS system to determine a protocol 
(precise PALAS parameters) to generate a controlled inhalable concentration. 
It will be crucial to validate these hypothesis real-case studies on the proposed 
markers to see if they can accurately trace microplastics coming from the 
surrounding air.

Equation 1

where Dinh is inhalation exposure, BW is body weight, IR is intake rate and EF 
is exposure factor.

• Identification of chemical markers: Select a stable, non-detachable marker 
that adheres ethically and legally to safety standards, ensuring it is 
non-radioactive, harmless to humans, and environmentally benign, to 
accurately track polymers without dissociating during use.
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