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Polymer Chains
Long chains of repeating 
molecules that make up plastics.

Additives
Chemicals mixed in to enhance 
flexibility, strength, or longevity.

Over Time, Plastics Break Down into Smaller Fragments

Plastic Items Shed Tiny Fragments:

Microplastics (<5 mm) and
Nanoplastics (<1,000 nm)

Particles pollute the 
environment and contaminate 
water, air, and food.

Plastics: What Are They and Why Do They Matter?

2Yee et al. (2021), Nanomaterials; Cai et al. (2023), Microorganisms 



Rapid Rise of Plastics Production
(Dates Back to 1950)

Humans Have Made

8.3 Billion
Tons of Plastics

25,000 X 
Empire State Building

(331,000 metric Tons)

Plastic Production is on the Rise

>16,000 chemicals used to make plastics 
4,200 are chemicals of concern

Plastics are multipollutant vectors, combining the physical hazards 
of particulates with a mixture of endocrine-disrupting and 

pro-inflammatory chemicals.

3

TRIPLE Plastic 
Production by 2060

Humans Have Produced Enough Plastic To Build 25,000 Empire State Buildings; Plastic waste: Here’s what it could look like by 2060



Plastics Never Stop Being Plastics – They Get Smaller and Smaller

Fragments in the nano range are super 
small & easily taken into human body

4
Pfohl et al. (2022), Environmental Science & Technology



7 Most Common Types of Polymers in Production and Their Uses

5
Microplastics Occurrence, Health Effects, and Mitigation, An Evidence Review for the California State Legislature

Given their widespread use these polymers 
have been the focus of many studies:

• Polyethylene (PET) 
• Polypropylene (PP) 
• Polycarbonate (PC) 



Human Exposure to Plastics and Adverse Health Effects

United Nations Environment Programme and Secretariat of the Basel, Rotterdam and Stockholm Conventions (2023) 
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Sources

Everyday Plastic 
Products
(Food packaging, 
clothing, & personal care 
& household products)

Children's 
(Products, toys, 
clothing, furniture)

Occupational
(Exposure at various stages 
of the plastic chain)



Methods for Measuring Micro- and Nano-Plastics (MNPs)

7

Detecting MNPs requires a combination of techniques, each with its own strengths and limitations 
depending on particle size, sample matrix, and information needed (physical vs. chemical properties). 

Shao et al. (2025), Annual Review of Pharmacology and Toxicology



Exposure Isn’t Just Environmental, It’s Internal: Plastics in Human Samples

Average concentration of 1.6 µg/ml 
(e.g., PE, polymers of styrene)

PE: polyethylene; PP: polypropylene; PET: polyethylene terephthalate

8
Urgent need to better understand what these exposures mean for health—

especially in vulnerable populations like pregnant people and infants

Roslan et al. (2024), J Glob Health



Chemical and Physical Effects of Micro- and Nano-Plastics

9Proposed mechanisms based on emerging toxicological and experimental evidence. Human data are still limited.



The Gut Microbiome may be Particularly Vulnerable to MNP Exposure

The gut is the primary entry point for plastics, which can trigger key disruptions
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Lower Gut Bacterial Diversity 

Higher Abundance of Pathogenic Bacteria

Lower Mucus Secretion

Reduced Gut Barrier Function

Intestinal Inflammation

Covello et al. (2024), Current Issues In Molecular Biology



Figure summarizes general trends across studies: Zhang et al. (2022), Frontiers in Public Health; Nugrahapraja et al. 
(2022), Environments; Liu et al. (2022), Ecotoxicology and Public Health; Jimenez-Arroyo et al. (2023), 

Science of the Total Environment ; Ke et al. (2023), EbioMedicine; Hong et al. (2024), Journal of Hazardous Materials

Summary of Human Studies: Plastics and the Gut Microbiome
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Plastics in Adult Stool are Associated with the Gut Microbiome

Nugrahapraja et al. (2022), Environments

Stool Measures

Gut Microbiome
Taxa Abundance
Gene Abundance

Plastics
Raman spectroscopy
HDPE (high-density polyethylene)
PP (polypropylene) 
PS (polystyrene)

22 healthy participants (20–50 years old) from 2 study populations: 
Kenjeran, Surabaya, Indonesia (9 male and 2 female) and Pacet, Mojokerto, Indonesia (5 male and 6 female)

Detection of genes encoding 
plastic-degrading enzymes

MPs associated with gut bacteria

Gene Abundance Analysis

Gut Microbiome Analysis



Pilot Study: Stool Plastics and the Gut Microbiome
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Doug Walker, PhD
Emory University

Environmental Health Effects on Your Physiology (2019-2022) 

Py-GC/MS

Stool Sample Assays

Metagenomics

Tanya Alderete, PhD
Johns Hopkins



How might plastic exposure during pregnancy, 
infancy, and early childhood impact health? 
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Plastics in Newborn Stool are Associated with Gut Bacteria

Correlations between microplastics in the meconium 
and microbiota genera. * P < 0.05, ** P < 0.01

Liu et al. (2022), Ecotoxicology and Public Health

Meconium

Inflammation &
metabolic disorders

Potentially pro-
inflammatory

Can impact immune 
development

Pro-inflammatory, 
allergic sensitization

15
Suggestive of in utero exposures



Beyond the In Utero Period: 
Plastics in Human Milk are Another Source of Early Life Exposure

Microphotographs and Raman spectra (wavenumbers, cm−1) of some selected microplastics found in breastmilk samples. PE: polyethylene; PVC: polyvinyl chloride; 
PP: polypropylene; PVOH: polyvinyl alcohol; PEVA: poly(ethylene-co-vinyl acetate); PEMA: poly(ethyl methacrylate); PES: polyester, and PC: polycarbonate.

Samples: Human milk 1 week after delivery (Italy, n=34); Method: Raman Microspectroscopy

Plastics in 76% of samples (size range: 2 to 12 µm): 
Most abundant plastics being composed of polyethylene (PE), 

polyvinyl chloride (PVC), and polypropylene (PP)

16

Ragusa et al. (2022), Polymers



While I have largely focused on plastics in the context of the 
gut microbiome, it's also critical to ask:

Where else do these particles go, and what are 
their implications for human health?

17



The Plastics Health Burden: Disease, Death, and Economic Costs

18
https://doi.org/10.1073/pnas.2412714121

This month, The Lancet published its first “Countdown on Health and Plastics”



Microplastics are Associated with Higher Chronic Disease Prevalence

Counties exposed to high microplastic concentrations in nearby 
ocean waters had significantly higher prevalence of:

Analyses adjusted for age, sex, physician access, and social/environmental vulnerabilities).
Low (0–0.005 pieces/m3), medium (0.005–1 pieces/m3), high (1–10 pieces/m3), and very high (≥10 pieces/m3). 19



How can Plastics Contribute to Disease? 
They Don’t Just Pass Through Us, They Accumulate in Organs

Plastics Increasing in Brain and Liver

Samples: Liver, Kidney, Brain (Frontal Cortex)

Collected 2016 and 2024 
(8-year Gap)

Methods: Py-GC/MS, attenuated total 
reflectance–Fourier transform infrared 
spectroscopy and electron microscopy with 
energy-dispersive spectroscopy

Significant Presence of Plastics in All Organs

20



Plastics in Dementia Cases Appear in Brain Vascular Wall and Immune Cells

(polarization wave microscopy)

21

Does not establish causation – but raises important questions about whether accumulation of plastics in 
sensitive tissues like the brain could contribute to neuroinflammation or neurodegenerative processes

~7 grams



Microplastics in the Cardiovascular System: Human Evidence & Mechanisms

Adapted From: Prattichizzo et al. (2024), European Health Journal

Plastics may be Contributing 
to Disease Processes 
(Mechanistic Insights)
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Microplastics in Arterial Plaques Predict Cardiovascular Events

Py-GC/MS & Electron Microscopy

Prospective, multicenter, observational study involving patients undergoing 
carotid endarterectomy for asymptomatic carotid artery disease
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Summary

● Plastics have been detected in a range of human samples — including, but not 
limited to, blood, placenta, milk, and stool — indicating widespread exposure

● Can trigger oxidative stress, inflammation, and alternations to the gut 
microbiome, potentially contributing to chronic disease risk

● Plastics have been associated with:
○ Type 2 diabetes
○ Dementia
○ Cardiovascular effects (e.g., endothelial dysfunction, platelet aggregation)

● Urgent need for large prospective and tightly controlled studies focused on 
MNPs and how they may contribute to chronic disease risk
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What Can we Do About Plastics?
UN Plastics Treaty: Aiming to End Plastic Pollution

https://www.globalplasticlaws.org/un-global-plastics-treaty

25

175 countries agreed to develop a legally binding 
treaty addressing plastic pollution across its full life 
cycle. Goal: Finalize treaty by end of 2025

Key Meetings

• 2022: Rules set; early divide on national vs global 
obligations

• 2023: Began talks; led to "zero draft"
• 2023: Continued drafting and revisions
• 2024: Focus on impacts; upstream measures 

weakened
• 2024: Record participation; no consensus on 

production caps

Industry pressure has diluted treaty ambition and contributed to ongoing gridlock, with negotiators 
deadlocked over binding production limits as industry-backed coalitions push for voluntary approaches.
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