
Air pollution and ultrafine plastic particles: 
Breathing for two”
Phoebe Stapleton, Rutgers University

Genetic and Environmental Toxicology Association (GETA) of Northern California
Spring Symposium

June 1, 2022



Air Pollution and Particulate Matter (PM) 
- Epidemiological Studies

• Epidemiologic evidence of 
cardiovascular (not pulmonary) effects 
of particulate air pollution.1

• Increased incidence of myocardial 
infarction within 24 hours of inhaled 
particulate pollution.2

• Increased risk of intrauterine growth 
restriction (IUGR) and/or fetal growth 
restriction (FGR) from exposure during 
pregnancy.3,4

• Overall, exposure to fine and ultrafine 
particulate air pollution has adverse 
effects on cardiopulmonary health.5,6

San Francisco, Camp Fire wildfires, 2018
1. Dockery, 2001; 2. Peters, 2001; 
3. Nobles, 2019; 4. Liu, 2007
5. Pope,  2015; 6. Van Eeden, 2002

5



Aerosolized Particles: Particulate Matter (PM)
• Particulate Matter – term for solid 

particles and liquid droplets in the air

Course PM
PM10: <10µm diameter

Fine PM
PM2.5: <2.5µm diameter

Ultrafine PM
PM0.1: <0.1µm diameter (also 
“nanoparticles”)
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Chemical Constituents

Knuckles, 2013; Adams, 2002; Police, 2016 



Indoor Exposures
Furniture/Carpeting/Clothing
Coatings
Containers

Bottled Water (Kosuth, 2018)
Beer (Kosuth, 2018)
Wine (Prata, 2020)
Tea (bags; Hernandez, 2019)
Rice (Dessi, 2021)
Sugar and Honey (Liebezeit, 2013)

Especially concerning as humans 
spend 70-90% of the time indoors 
(Alzona, 1979)



<10
%Breakdown of plastics ranges from 10 – 1000 years. 

The average estimate for plastic bag degradation is 20 years, while a 
plastic bottle to breakdown is 450 years.

Unfortunately, this concept of decomposition is unclear. Not always 
referring to chemical degradation. May refer to particle size.  



Micro- and nanosized particles

Microplastics are not a specific kind 
of plastic, but rather any type of 
plastic fragment that is less than 5 
mm in length. 

(Sesame Seed)

Nanoplastics are defined as less than 
1000 nm in environmental studies 
and 100 nm in laboratory studies1.

(Surface Area)  

NOAA, Ocean Facts, March 30, 2020
Image: Washington Post
1Stapleton, 2019, AIMS Environmental Science 



Pulmonary 
Ultrafine/Nanoparticle 
Exposure

http://www.sclerodermasociety.co.uk/userfiles/lungs.jpg

• Pulmonary particle retention in the lung1

• Pulmonary inflammation leading to 
systemic inflammation following exposure2

• Sympathetic neural activation3

• Particle translocation from the lungs to 
systemic organs4

Animation – Dr. Cody Nichols
1Husain, 2013
2Baisch, 2014

3Knuckles, 2012; Stapleton, 2015
4Elder, 2006; Stapleton, 2012



Maternal-Fetal Model
• Complex and widely understudied model

• Rapid and precise development
• Hormonal variation
• Physiological disparities (normal)

• Increased Blood Volume
• Increased Heart Size
• Increased Tidal Volume

• Maternal Health
• Placental Barrier
• Fetal/Progeny Health

Stapleton, 2019; Campagnolo, 2017; Hougaard, 2015



Hypothesis: Nanoplastic particles can 
migrate from the mother’s lungs to fetal 

tissues after pulmonary exposure.



Can the placenta act as a barrier to nanoplastic particles?
Developed a Placental Perfusion Technique

D’Errico, 2019a



Can the placenta act as a barrier?

D’Errico, 2019; Fournier, 2020

Uterine Artery Effluent (PS)

Umbilical Vein Effluent (PS)

POLYSTYRENE ENM

Placenta does not act as a barrier to nanoplastic particles ex vivo. 



Experimental Design: In Vivo Exposure
• Dosimetry – Particle Dosage
• Particle Characterization – Confirmation of 

Manufacturing
• Intratracheal Instillation – Exposure

• Maternal/Litter Characteristics – Overall Health
• Optical Imaging – Visualize Material
• DarkField Microscopy – Visualize Material

• Exposure on Gestational Day 19 – single dose
• Control: 300 µL of sterile saline

• Exposure: 300 µL of Rhodamine-Labelled polystyrene beads 
containing 2.64 x 1014 nanoplastic particles

• Sacrifice Gestational Day 20



Maternal Characteristics at 24h

* p < 0.05

Pregnant 
(Saline)

Pregnant 
(Nano-polystyrene)

Maternal Weight (g) 302 ± 6 302 ± 14

MAP (mmHg) 74.4 ± 1.5 85* ± 3.8

Maternal Heart Weight (g) 0.74 ± 0.02 0.88*± 0.05

Maternal Heart Weight to 
Body Weight (%)

0.24 ± 0.004 0.29*± 0.02

Number of 
Reabsorption Sites

0.63 ± 0.25 1.83* ± 0.47

Number of Pups 9.56 ± 0.63 8.33 ± 0.76

Pup Weight (g) 4.52 ±.0.05 4.32* ± 0.10



Nanoplastic Translocation to the Fetal Compartment

• In Vivo Translocation (Optical Imaging)
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Nanoplastic Translocation to the Fetal Compartment
Liver BrainLung

Kidney Heart

Fournier, 2020

(Dark-Field
Microscopy)



And through ingestion… to the fetal _____

Cary, in preparation



Real World Considerations: Rat to Human



Microplastic identified in human lung tissue

Amato-Lourenço, 2021 – Raman spectrometry (scatters radiation) – cadaver samples



Microplastic identified in human lung tissue

Jenner, 2022 - μFTIR spectroscopy (absorbs radiation) – live patient samples



Microplastic particle migration to the human 
placenta after real-world exposure 

Figure 2

Table 1

Ragusa, 2020; Stapleton, 2019



Plastic particles - What we know
• Gain access to and 

accumulate within primary 
and secondary tissues. 

• Direct cellular interactions 
may lead to cellular uptake 
and local effects including 
inflammation, oxidative 
stress, altered metabolism, 
and gene expression 
changes. 

• Clearance or excretion of 
the migrated particles 
remains unknown.

Stapleton, 2021



What don’t we know? Study Considerations in Toxicology:
• Doses: Laboratory dose-responses 

and real-world exposure 
concentrations 

• Material Properties
o Size: Micro- vs Nano- plastics 
oChemical
o Shape

• Toxicological Vector (e.g., 
internalized plasticizers, “corona”, 
and/or environmental 
contaminants)

• Tissue bioaccumulation and 
biological transport mechanisms

• Exposure population (e.g. children, 
men, women, aged, disease, 
pregnancy)

Toxicological Vector

Bioaccumulation
Indoor/Outdoor 
Concentrations

Material Properties

Stapleton, 2021
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Dosimetry – Estimate of Exposure

Cox, 2019



Dosimetry: Microplastics verses Nanoplastics

𝟏𝟏𝒎𝒎𝒎𝒎𝟑𝟑 =(𝟏𝟏 𝒙𝒙 𝟏𝟏𝟏𝟏𝟔𝟔 𝒏𝒏𝒎𝒎)𝟑𝟑 = 𝟏𝟏 𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝒏𝒏𝒎𝒎

4
3𝝅𝝅𝒓𝒓

3 =
4
3𝝅𝝅 10𝒏𝒏𝒎𝒎 3 = 4188.79 𝒏𝒏𝒎𝒎3

1 𝒙𝒙 1018 𝒏𝒏𝒎𝒎 ÷ 4188.79 𝒏𝒏𝒎𝒎 =
2.39 𝒙𝒙 1014 𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏 particles



Dosimetry: Human to Rat

(𝟐𝟐.𝟑𝟑𝟑𝟑 𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏) 𝒙𝒙 𝟐𝟐𝟐𝟐𝟑𝟑 =
𝟔𝟔.𝟔𝟔𝟔𝟔 𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏𝟔𝟔 𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏/𝒅𝒅𝒏𝒏𝒅𝒅

6.66 𝒙𝒙 1016 𝒙𝒙 0.409 𝒎𝒎2

62.7 𝒎𝒎2

= 4.34 𝒙𝒙 1014 𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏 𝒏𝒏𝒏𝒏𝒓𝒓𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒏𝒑𝒑𝒏𝒏

Our experimental dosage of 𝟐𝟐.𝟔𝟔𝟏𝟏 𝐱𝐱 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧 𝐧𝐧𝐧𝐧𝐩𝐩𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐧𝐩𝐩𝐧𝐧 is lower than the calculated 
environmental exposure dose. Cox, 2019



Ultrafine/Nano-sized Particles
Physicochemical Properties:
 Chemical (Mixtures)
 Size
 Shape
 Surface Area

 Charge 
 Solubility/Aggregation
 Functional Modifications
 Protein Corona
 Surface Energy

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj1qaPr04_hAhWkmOAKHTMmB60QjRx6BAgBEAU&url=https://www.researchgate.net/figure/Examples-of-incidental-and-engineered-nanomaterials-Adapted-with-permission-from-Stern_fig1_262885184&psig=AOvVaw0uevwCyJgdfoXBVaFYjLSG&ust=1553134697981725


Ultrafine/Nano-sized Particles
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