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The 2022 projected growth of plastic production and waste
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The EU Green Deal and ambition on plastic circularity

qGoal: 55% of plastic packaging waste 
should be recycled by 2030 and new 
plastics packaging 100% recyclable.
§ Political focus: environmental pollution 

with micro- and nanoplastics and 
associated consumer health.

qBUT what about the working 
environment?
• Plastic production involves several 

handling steps of raw materials and 
high-temperature processes.

• Does use of recycled plastics contribute 
to the occupational exposure in the 
production facilities?
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Mechanical recycling and production of PET plastics for packaging

Shredding

Extruding

Thermoforming

Rolling

Pristine
PET

Shredded
PET

Feeding

PET = polyethylene terephthalate



5

This study
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What is the occupational exposure to airborne 
particles (incl. nano- and microplastics) 

during these processes?

Extruding

Thermoforming

Rolling

Feeding

Mini
Shredding



6

Strategy for exposure assessment

Release testing of respirable dust from raw
materials using the EN17199:1999 dustiness
test method (and exposure modelling).

Workplace measurement along the 
production line at a large packaging
manufacturing company
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Respirable dust release potential (EN17199-4:2019)
- Typical raw materials

DIM a
(mg/kg)

±σ DIM
(mg/kg)

LOQ 
(mg/kg)

DIN b
(1/kg)

±σ DIN
(1/kg)

Pre MB 22001 (APET with Carbon Black) 2.1 1.4 5.9 62 100 5 000
TDC S 415 (APET granulate) 0.8 0.3 6.1 88 900 48 200
PET granulate (pristine gran. 0,8 IV). 6.2 1.6 6.0 81 500 49 300
PET shredded bottles (washed) 4.8 0.7 6.1 85 700 17 900
PET shredded foil 7.3 2.0 6.2 72 200 37 900
Holcobatch Violet (Pigment) 2.1 0.3 6.1 76 700 41 900

Very low dustiness according to 

EN15051 ranking, but high exposure

potential in high-energy high

tonnage processes!
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Workplace measurements

Nanoscan SMPS
10 – 420 nm

OPS
300 nm – 10 µm

TEM grids
Analysis of particle morphology

FMPS
(Reception)

5.6 – 560 nm

ELPI+
(Feeder chamber)

6 nm – 10 µm

Feeder chamber

Gravimetric Filters
(NF; FF)

Total and Resp. Dust (GK2.69)
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Inside and outside of the feeder chamber

Feeder chamber



10Time (hh:mm)

The mixing and mini-shredder stations

OPS: Mixing station

OPS: Shredder
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Rolling

Time (hh:mm)

NS
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Thermoforming

Time (hh:mm)

NS

Production stop
”burn of”
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Particle number size distributions and particle types
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Average total particle number concentrations

Feeder chamber
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Average dust mass concentrations (gravimetric)



1. The respirable dustiness of plastic raw materials (master batches and 
pigment samples) are very low and similar, but levels are still significant 
when working with large tonnages.

2. The concentrations of airborne particles and dust in the factory are by mass 
generally low, except in the feeding chamber, but in numbers high at some 
processes (average £ 1E5 cm-3) and dominated by ultrafine particles.
- Coarse particles are important in handling processes of raw materials
- Ultrafine particles are important in all processes and overall in the factory

3. Workers are indeed exposed to airborne nano- and microplastic particles as 
observed by morphology in SEM; ultrafine particles remains to be positively 
identified.
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Three take home messages!
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Thank you for listening!

We gratefully acknowledge funding by: 

FFIKA: Focused research effort on chemicals in the working environment 
(Danish Financial Act; Danish Government)
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Præsentationstitel
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Plastic waste and disposal routes
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More on the raw materials

A-PET C-PET R-PET PET/PE

PET = polyethylene terephthalate

• Ready-meals• Food packaging
• Available up to 

85% recycled

• Minimum of 50% 
recycled materials, 
but certified for 
food packaging

• Used to package 
meat products 
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Particle release potential from dustiness testing
- Typical raw materials

DIM a
(mg/kg)

±σ DIM
(mg/kg)

LOQ 
(mg/kg)

DIN b
(1/kg)

±σ DIN
(1/kg)

Pre MB 22001 (APET with Carbon Black) 2.1 1.4 5.9 62 100 5 000
TDC S 415 (APET granulate) 0.8 0.3 6.1 88 900 48 200
PET granulate (pristine gran. 0,8 IV). 6.2 1.6 6.0 81 500 49 300
PET shredded bottles (washed) 4.8 0.7 6.1 85 700 17 900
PET shredded foil 7.3 2.0 6.2 72 200 37 900
Holcobatch Violet (Pigment) 2.1 0.3 6.1 76 700 41 900
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Modelled exposure potential – Worst case scenario

2x2mg/m3x3.243
= 13.30 mg/m3

2mg/m3x6.431
=  12,86 mg/m3

High exposure potential in high-energy
high tonnage processes!
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Modelled exposure potential - Careful pouring of granulates

2x2mg/m3x0.0347
= 138.8 µg/m3

2mg/m3x0,0218
= 43,6 µg/m3

Moderate exposure potential in low-
energy high tonnage processes!


