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Abstract 

 
Introduction: The widespread presence of plastics in our environment poses a growing concern 

as they may pose risks to human and environmental health. Microplastics (MPs) are small 

particles generated through fragmentation of larger plastic items. The presence of MPs particles 

has been reported in the human placenta, an organ essential for pregnancy and fetal 

development.  The presence of MP contamination of the womb raises the possibility of adverse 

effects on the developing fetus with potential life-long consequences.  This thesis seeks to 

investigate this issue through: 1) A review aimed to examine the current state of knowledge on 

the effects of exposure to MP on maternal and fetal health within the DOHaD framework; 2) A 

study conducted to confirm and further the reports of microplastics in human placentas through 

a study, in a Canadian setting, comparing MPs exposure to delivery methods.  

 

Methods: 1) A review was conducted of the current literature on microplastic contamination in 

human reproductive tissues, and the resulting reproductive consequences of exposure. 2) 

Placentas (n=10) were collected from singleton, uncomplicated pregnancies. Placentas were 

collected from vaginal (n=5) and cesarean section (n=5) deliveries within a plastics-reduced 

clinical setting. Placental tissue biopsies were micro-dissected under plastic-reduced conditions - 

from basal plate, chorionic villous and chorionic plate. Samples were chemically digested and 

filtered through glass microfiber filters and the retained particles were identified and 

characterized using Raman microspectroscopy.  
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Results: 1) The review reports multiple lines of evidence that suggest that MP-exposure prior to 

or during pregnancy can contaminate various internal tissues (including those of the fetus) and 

may result in potential adverse effects on fertility, fetal development and long-term health of the 

exposed fetus. More importantly, the available evidence is limited and several significant gaps in 

knowledge were identified.  2) Microplastics composed of various polymer types were detected 

in placentas from both delivery types (vaginal or caesarian), with polyethylene being the most 

common. In addition, non-plastic foreign particles including graphite, lead oxide and black carbon 

were observed in a higher frequency than microplastics. Notably, both microplastic and non-

microplastic particles were found in all placentas sampled with variations in the number of 

particles. Particles both plastic and non-plastic were observed in placenta regions of maternal and 

fetal circulation suggesting that these can pass through the placenta into fetal tissues.  

 

Conclusion: This thesis provides evidence that the human placenta can serve as a reservoir for 

the accumulation of a variety of foreign particles during pregnancy. The potential human health 

impacts of such particles in general or on fetal development, in particular, are unknown but is a 

critical question for future work to understand the health consequences of plastic pollution. 

 

Keywords: Placenta, Microplastic, Particles, Raman Micro-spectroscopy, Pregnancy  
 

Résumé 
Introduction: La présence de plastique dans notre environnement suscite une préoccupation 

croissante car ils peuvent présenter des risques pour la santé humane et environnementale. Les 

microplastiques (MPs) sont des petites particules générées par la fragmentation d’objets en 

plastique plus gros. La présence de particule MPs a été reportée dans le placenta humain, un 
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organe essentiel à la grossesse et au développement fœtal. La présence d’une contamination 

dans l’utérus par MPs soulève la possibilité d’effets indésirables sur le développement du fœtus, 

avec des conséquences potentielles à vie long terme. Cette thèse cherche à étudier cette question 

à travers : 1) Une revue visant à examiner l'état actuel des connaissances sur les effets de 

l'exposition aux MP sur la santé maternelle et fœtale dans le cadre du DOHaD ; 2) Une étude 

menée pour confirmer et approfondir les rapports sur les microplastiques dans le placenta 

humain, dans un contexte canadien, comparant l'exposition aux méthodes d’accouchement. 

 
 
Méthodogie: 1) Une revue de la littérature actuelle sur la contamination par les microplastiques 

dans les tissus reproducteurs humains et les conséquences de l'exposition sur la reproduction a 

été réalisée. 2) Des placentas (n = 10) ont été collectés lors des grossesses sans complications. Les 

placentas ont été collectés lors d'accouchements par voie vaginale (n = 5) et par césarienne (n = 

5) dans un cadre clinique à réduction de plastique. Des biopsies de tissus placentaires ont été 

microdisséquées dans des conditions de réduction du plastique - à partir de la plaque basale, des 

villeuses choriales et de la plaque choriale. Les échantillons ont été digérés chimiquement et 

filtrés à travers des filtres en microfibre de verre et les particules retenues ont été identifiées et 

caractérisées par microspectroscopie Raman. 

 
Résultats: 1) La revue rapporte plusieurs sources de données suggérant que l'exposition aux MP 

avant ou pendant la grossesse peut contaminer divers tissus internes (y compris ceux du fœtus) 

et entraîner des effets néfastes potentiels sur la fertilité, le développement du fœtus et la santé 

à long terme du fœtus. Plus important encore, les preuves disponibles sont limitées et plusieurs 

lacunes importantes dans les connaissances ont été identifiées. 2) Des microplastiques composés 
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de divers types de polymères ont été détectés dans les placentas des deux types d'accouchement 

(vaginal ou césarienne), le polyéthylène étant le plus courant. De plus, des particules étrangères 

non plastiques, notamment du graphite, de l’oxyde de plomb et du noir de carbone, ont été 

observées à une fréquence plus élevée que les microplastiques. Notamment, des particules 

microplastiques et non microplastiques ont été trouvées dans tous les placentas échantillonnés 

avec des variations dans le nombre de particules. Des particules plastiques et non plastiques ont 

été observées dans les régions placentaires de la circulation maternelle et fœtale, ce qui suggère 

qu'elles peuvent traverser le placenta pour atteindre les tissus fœtaux. 

 
 
Conclusion: Cette thèse apporte la preuve que le placenta humain peut servir de réservoir pour 

l’accumulation de diverses particules étrangères pendant la grossesse. Les impacts potentiels de 

ces particules sur la santé humaine en général ou sur le développement fœtal en particulier sont 

inconnus, mais constituent une question cruciale pour les travaux futurs visant à comprendre les 

conséquences sur la santé de la pollution plastique. 

 

Mots clés : Placenta, Microplastique, Particules, Microspectroscopie Raman, Grossesse 
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Chapter 1 – Introduction 
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Plastic Pollution  

Plastics are low-cost, lightweight, and long-lasting materials easily shaped into various kinds of 

objects for a number of applications 1 . Advancements in plastic production and use have 

enhanced convenience, hygiene, and safety but have also led to a dramatic increase in plastic 

waste and pollution 2 . A substantial proportion of plastic products are disposed after a single use, 

resulting in significant volume of waste that is primarily resistant to degradation3 . Over 80% of 

the predicted 6.5 tones of plastic waste produced throughout Canada in 2019 ended up in 

landfills, with an estimated 7% treated as mismanaged waste 3 . These data show the increasing 

rise of plastic waste in the environment, raising concerns for population-level health, as detailed 

in Chapter 2.  

 
Microplastics  

Microplastics (MPs) are formed primarily as a result of the breakdown or fragmentation of larger 

plastic materials. Mechanical or chemical weathering, degradation by UV radiation, abrasion, 

synthetic fiber shedding and various manufacturing and industrial processes can expedited the 

breakdown of plastic products into microplastics, which range in size from 5mm and 1 μm in 

diameter4,5 . Microplastics can occur in a variety of shapes including fragments, films, or fibers, 

made up of common polymers used in the manufacturing of common plastic products (i.e. 

polyethylene, polystyrene, polypropylene and polyvinyl chloride) 5. A detailed description of 

microplastics can be found in Chapter 2 (Fig 1).   
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Raman Microspectroscopy 

The study of microplastic contamination and human exposure requires the use of technology that 

can be used to visualize and accurately identify distinct polymer plastics from other particulates.   

Raman spectroscopy offers a useful method to determine the composition of small (1 – 1,300 

μm) particles, determining the chemical composition and molecular structure of materials based 

on their scattering of laser light. For analysis of   particulates in environmental or biological 

samples, it provides a fast, non-destructive, and high spatial resolution of structural and 

biochemical information via point spectras 6.  

Raman spectroscopy begins with a monochromatic light source, typically a laser. The laser beam 

is directed onto the sample of interest. When the laser light interacts with the molecules in the 

sample, most of it is elastically scattered, referred as a Rayleigh Scatter, meaning it scatters at the 

same wavelength as the incident laser light 6,7. However, a small fraction of the incident light 

(about 1 in 107 photons) undergoes inelastic scattering, resulting in a shift in frequency 

(wavelength) known as Raman scattering 7. This shift in frequency occurs because the energy of 

the scattered photon is either increased or decreased compared to the incident photon, 

corresponding to the vibrational and rotational energy levels of the molecules in the sample. The 

scattered light, including both the Rayleigh and Raman scattered photons, is collected by a 

spectrometer. The scattered light separates into its various wavelengths, creating a Raman 

spectrum with unique peaks of intensity and wavelength position, with each peak corresponding 

to a specific molecular bond vibration.  The distribution of these peaks provides a unique 

signature that can be used to identify the dominant material that makes up the particle being 
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analyzed by comparing the observed Raman peaks with reference spectra in databases, such as 

the KnowItAll spectral libraries 7,8.   

Raman microspectroscopy is the combination of conventional light microscopy and a unique 

chemical identification by Raman spectroscopy7. Raman microspectroscopy is applied in a variety 

of contexts such as microbiology 9, biological tissue analysis10 determination of 

biopharmaceutical or environmental pollutant constituents, and many more, as a rapid and 

nondestructive technique to assess the chemical composition of unknown material in near real 

time 9. Due to the particle detection size range of Raman spectroscopy, it is an ideal modality to 

employ for the detection and characterization MP particles11 . In the current thesis, the 

identification and characterization of MPs in human placenta will be carried out using this 

methodology.  

 

Microplastics exposure in humans   

Microplastics enter the body via one of three routes: inhalation, ingestion, and dermal contact12. 

It is not entirely clear how these routes compare with respect to their contribution to total MP 

bioaccumulation in human tissues, however this topic is reviewed in detail in Chapter 2.  Some 

proportion of MPs that are ingested, inhaled, or come in contact with the skin can penetrate these 

barriers via some yet, poorly defined mechanism(s) and enter internal tissues and circulation. 

Recent evidence indicates that MP exposure can increase intestinal permeability 13,14 suggesting 

MPs toxicity to the gut lining may enhance their own passage across the gut barrier. Nonetheless, 

the routes of exposure, particle characteristics or other factors that enhance the capability to 
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travel across physiological barriers to contaminate internal tissues and fluids remain largely 

unknown.   

 

Human Placenta  

The placenta is considered the most important organ of pregnancy. During human 

embryogenesis, it is the first organ to develop15. The placenta, together with the fetal membranes 

and amniotic fluid, aid in the fetus’s regular development and growth16. The placenta is 

responsible for all maternal-fetal exchange of nutrients, gases and waste products, and produced 

hormones necessary for proper maternal adaptation to pregnancy and fetal growth16. The 

placenta further acts as a selective barrier with a goal to protect the fetus from xenobiotics 

present in maternal circulation. However, certain pollutants have been observed to cross the 

placenta barrier16. 

The placenta is fetal in origin, arising from the trophectoderm of the early embryo. Functionally, 

the placenta can be described as having two compartments – the extravillous compartment and 

the villous compartment. The extra villous compartment is composed of extra villous trophoblast 

cells that interact with the maternal decidua to : 1) anchor the placenta to the uterine wall – 

forming the basal plate of the placenta; 2) actively remodel the uterine spiral arteries, 

establishing a robust utero-placental circulation required to support fetal growth17.  The villous 

compartment of the placenta is composed of hundreds of chorionic villi – delicate tree like 

structures which are bathed in maternal blood. These villi encase the feto-placental vasculature 

and serve as the primary site of maternal-fetal exchange. The feto-placental capillary beds within 

these structures coalesce into larger chorionic vessels on the fetal surface of the placenta – the 
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chorionic plate – further fusing to become the umbilical cord blood vessels that travel to and 

from the fetus16.    

 

Figure 1.1.  Cross-sectional schematic of the human placenta, demonstrating key functional 

structures and compartments, including: A) Basal plate (maternal surface); B) Chorionic villi; and 

C) Chorionic plate (fetal surface).    

 

As the placenta serves as the interface between the fetus and the maternal environment, any 

adverse environment exposure experienced by the mother during gestation can illicit placental 

damage and dysfunction leading to adverse pregnancy outcomes, such as pre-term delivery and 

fetal growth restriction (FGR). Further, considering the well-established developmental origins of 

health and disease (DOHaD) framework, it is clear that adverse in utero exposures can have 

lasting programming effects on the developing fetus, associated with adverse health outcomes in 
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later life. The development and maintenance of a healthy placenta can help to optimize the in 

utero environment for the developing fetus, contributing to healthy short- and long-term health 

outcomes for the offspring. 

  

Microplastic in the Human Placenta - Current State of Knowledge 

A small number of recent studies have revealed the presence of MPs in human placentas collected 

at delivery. Plastic particles were first reported in a small number of placentas from healthy 

pregnancies that delivered vaginally in an Italian population18. This study received considerable 

attention world-wide, demonstrating the presence of 12 microplastic fragments in 4 of the 6 

placentas examined, found across distinct placental biopsy sites (fetal surface, maternal surface 

and chorioamniotic membranes) and sizes ranging from 5 to 10 um. The particles were identified 

as plastic in origin, based on the presence of pigments except for some polypropylene particles. 

A second study19 , detected MPs in placentas (n=2) following caesarean deliveries from 

uncomplicated term pregnancies. In addition, these authors also identified the presence of MPs 

within matched fetal meconium samples – indicative of transplacental transfer of MPs to the fetal 

compartment. In both placenta and meconium samples, the authors observed the presence of 

10 common types of microplastics (> 50um).   Since these landmark studies in 2021, a small 

handful of additional studies (n=3) have been published confirming the presence of MPs in 

placental tissue from obstetrical populations around the globe, however to date no evaluation of 

gestational MP exposure in a Canadian population has been undertaken20–22  
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While the majority of studies to date examining MP accumulation in the human placenta have 

focused on healthy pregnancies, data is beginning to arrive suggesting a potential association 

between placental MP accumulation and adverse pregnancy outcomes. In cases of fetal growth 

restriction (FGR), an inverse correlation between the accumulation of MPs in the placenta and 

birthweight (correlation coefficient, r = -0.82, p < 0.001) has been described, with similar 

associations observed for neonatal length at birth, head circumference, and 1-minute APGAR 

scores22.  All 13 cases of FGR examined exhibited the presence of MPs, with each sample 

containing a range of 2.9 to 34.5 um-sized MPs, primarily composed of polyethylene (PE) and 

polystyrene (PS) polymers 22. Coupled to a large body of work carried out in rodent models 

(reviewed in detail in Chapter 2) which demonstrates a causal relationship between gestational 

MP exposure and poor placental development, compromised fetal growth profiles and adverse 

long term health outcomes, these findings certainly are a cause for concern given the ubiquitous 

nature of plastic pollution and MP exposure in our environments. It is important to note that the 

literature on this topic in human populations remains small and exposure estimation is qualitative 

at best.  Also, there remains limitations in experimental designs used to date, including: small 

sample sizes (n= 2 – 43), limited exploration on the distribution of MPs across the various 

functional compartments of the placenta, a lack of comparison of MP contamination according 

to mode of delivery and serious considerations of post-delivery contamination.    The current 

thesis project will specifically address these limitations and gaps in knowledge, aiming to identify 

and characterize placental MP accumulation, according to polymer character and placental 

distribution, from pregnancies delivered by C-section and vaginal delivery in a Canadian 

obstetrical population.  
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Abstract  

Plastics found in our everyday environment are becoming an increasing concern for individual 

and population-level health, the extent of exposure and potential toxic effects of these 

contaminants on numerous human organ systems are becoming clear. Microplastics (MPs), tiny 

plastic particles, appear to have many of the same biological effects as their plastic precursors 

and have the compounded effect of potential accumulation in different organs. Recently, 

microplastic accumulation was observed in the human placenta, raising important questions 

related to the biological effects of these contaminants on the health of mothers and their 

offspring. These concerns are particularly heightened considering the developmental origins of 

health and disease (DOHaD) framework, which postulates that in utero exposure can programme 

the lifelong health of the offspring. The current review examines the state of knowledge on this 

topic and highlights important avenues for future investigation.  

 

Keywords: Plastics pollution, Microplastic, Pregnancy, Placenta, DOHaD,  
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Plastic Pollution 

Plastics are synthetic or semi-synthetic polymers, developed after the 19th-century Industrial 

Revolution. Due to their many useful characteristics, including being light weight, infinitely 

mouldable, having low production cost, broad chemical resistance, and ease to manufacture and 

transport 1, they are widely used in food packaging (i.e., containers, plastic bags), building 

products (i.e., pipes, vinyl cladding), electronics, and transportation materials 1. The development 

of plastics has also revolutionised medicine with life-saving devices and the availability of sterile, 

single use instruments and personal protective equipment. However, the excessive use of plastics 

has led to a throw away culture that reveals the materials dark side.  

Plastic pollution is an accumulation of synthetic plastic products in the environment, disrupting 

the habitats and health of wildlife and humans alike. The rapidly rising output of disposable plastic 

goods is currently exceeding our capacity to handle its disposal, leading to the emergence of 

plastic pollution as one of the most urgent environmental issues 2. As previously reviewed by Hirt 

et al. 3, plastic waste reached 359 million metric tons in 2018 3, with estimates that between 4.8 

and 12.7 million metric tonnes are reaching the ocean each year, contributing to 80% of the 

plastic pollution in the world’s oceans and seas 3. Plastic trash is also carried to sea by major rivers, 

which can act as a conveyor belt, picking up more and more garbage as it moves downstream. 

When plastic trash gets caught up in an ocean’s current, it can be transported around the world.  

Many single use plastic products have a functional lifespan of minutes to hours, yet they may 

persist in the environment for hundreds of years. Plastic degradation is a very slow process, with 

fragmentation and degradation of plastic polymers occurring by physical forces, ultraviolet (UV) 
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rays, temperature changes and biodegradation in the environment. The resulting breakdown 

products are smaller plastic fragments, known as micro and Nanoplastics 4 

 

Microplastics and Nanoplastics  

Microplastics (MPs) are generated by the breakdown of larger plastic products, and are defined 

as being less than 5 mm in size. Microplastics are omnipresent in our environment, being found 

in large quantities in oceans, rivers, ground water, sediments and soil environments, sewage, and 

even the air we breathe 5. Most plastics in use have a strong resistance to biodegradation 6. 

However, they are susceptible to mechanical and photochemical processes that can break them 

down into micro and nanoscale particles 6. Nanoplastics (NPs) are plastic particles ranging in size 

from 1nm – 1um 7. MPs and NPs demonstrate similar characteristics and biological effects; 

however, NPs demonstrate a higher biological mobility and bioavailability because of their small 

size, which enables them to pass through biological membranes with ease 8. For the purposes of 

the current review, the abbreviation “MNP” will be used to describe all plastic fragments < 5 m 

– and, as such, will include both MPs and NPs. 

 

MNPs can be further characterized by their polymer composition and shape – characteristics that 

are intimately linked to the plastic product source from which they were derived (Figure 1). 

Plastics are made up of various polymers, including polyethylene (PE), polypropylene (PP), 

polystyrene (PS), polyvinyl chloride (PVC), polyethylene terephthalate (PET), polycarbonate (PC), 

polymethacrylate (PMMA), and polyurethane (PU) 3. However, polyethylene (PE), polypropylene 

(PP) and polystyrene (PS) are the three most common occurring polymers 5, being found in a 
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countless number of household and personal care products 9,10, cosmetic products 11,  toothpaste 

10,12,13 and plastic food containers 14. The shape of MNPs is also varied, and includes fibres, 

microbeads, fragments, nurdles and Styrofoam 3. The types and sources of plastic pollution have 

been reviewed in detail elsewhere. 15–21 

 

 

 

 It is important to note that MNPs are not just pure plastic polymers, rather they are associated 

with a diverse mixture of organic molecules and/or metals.  Commercial plastics contain many 

additives that can leech out of plastic into the surrounding environment or tissue(s), as they are 

not covalently linked to the polymer matrix.  A recent review estimated that over 10,000 unique 

chemicals are used at various stages in plastics manufacturing, of which roughly 2,400 have been 

identified as chemicals of regulatory concern . Further, the hydrophobic surface of MNPs can 

absorb environmental contaminants, particularly polyaromatic hydrocarbons 22.  There is concern 

Figure 2.1. The shapes, compositions, and potential sources of common micro- and nano-
plastics (MNPs). PE = polyethylene; PP = polypropylene; PS = polystyrene; PET = polyethylene 
terephthalate; PVC= polyvinyl chloride; PMMA = polymethacrylate. 
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that chemicals contained within MNPs, or those absorbed to their surface, can be carried into the 

human body and released into various tissue beds 23. In this way, MNPs act as a vehicle for toxic 

exposure to a number of xenobiotics, which may bypass typical physiological defences such as 

drug metabolizing enzymes in the gut and liver and induce direct effects to the cells/tissues 

surrounding the internalized MNPs 24. Several chemicals known to leach from plastics are well 

known to induce a variety of adverse health conditions in humans, including to developing fetuses 

exposed in utero 25,26. However, investigations specifically exploring the developmental toxicity 

MNPs, and the many associated chemicals, are limited.  

 

Routes of Exposure and Adverse Human Health Outcomes 

There are three routes through which the human body is exposed to MNPs – inhalation, ingestion 

and dermal contact 27 (Figure 2). It is estimated that an individual will be exposed to approximately 

74,000-121,000 MPs per year, with ingestion and inhalation considered the primary routes of 

exposure 28.  As this estimate does not consider NPs, it is likely that total MNP particle exposure 

is in fact considerably higher. Importantly, most MNPs can cross the physiological barriers of the 

lungs, gut, and skin. The mechanisms underlying this translocation are poorly understood and are 

beyond the scope of the current work, however they have been reviewed in detail elsewhere 27. 

 

In humans, MNPs have been found in a diverse range of biological samples, including blood 29,30, 

urine 31, sputum 32, feces 33; 34, and breast milk 3536. Further, MNP accumulation has been 

identified in numerous organ systems including lung 37–42, colon and spleen 43. Microplastics have 

more recently been identified in human placenta tissue 44–49 and meconium 34,36 demonstrating 
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direct exposure to the fetus and raising concerns for developmental toxicity and long-term health 

consequences for the offspring.  While the scope of MNP contamination and human exposure 

has become widely apparent within the last decade, relatively few studies have focused explicitly 

on the reproductive consequences of MNP exposure, particularly in humans. The limited body of 

work in this area, specifically that focused on the effects of MNP exposure on mammalian 

reproduction, is summarized below. 

 

Effects of MNP Exposure on Mammalian Reproduction 

Reproductive Effects in Adult Males  

Several adverse reproductive effects are observed in male mammals following oral exposure to 

MNPs of various size and with varying duration. For example, in male rodents oral exposure to 

PS-MNP leads to accumulation within the testis 50–54, coupled to disruption of the seminiferous 

epithelium 50,51,53,55–59, evidence of localized oxidative stress and mitochondrial dysfunction 46, 

and over-expression of pro-inflammatory cytokines in the testis 51,52. This same exposure is 

associated with disruption of the blood-testis barrier 51,57,58,60, with in vitro studies demonstrating 

oxidative stress, endoplasmic reticulum stress and misfolding/degradation of tight junctional 

proteins in Sertoli cells 61,62. There are clear functional consequences of these exposures, as MNP 

exposure in rodent models leads to reduced sperm quantity and quality 50–53,56,58,60,63,64 in addition 

to reduced testicular production 56 and circulating levels of testosterone 50,53,55,56,60 and luteinizing 

hormone (LH) 50,53,55,56, suggesting that MNP exposure may have important implications in the 

pituitary-gonadotropin endocrine signalling pathways, testis function and sperm quality in male 

mammals [see 65 for a detailed review on this topic]. It is noteworthy that an exponential rise in 
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global plastic production 4 coincides with a well-documented population-wide decline in human 

sperm production which appears to be accelerating since 2000 66.  

Male fertility, fetal health and the long-term health of offspring are dependent on the epigenetic 

programming events that occur during spermatogenesis, events that can be adversely disrupted 

by exposures to various testicular toxicants 67,68. Epigenetic modifications play a crucial role in 

regulating gene expression and developmental processes, including germ cell differentiation and 

sperm production. While there are currently no studies to date examining the toxicant effects of 

MNPs on the sperm epigenome in mammals, there is strong evidence that common additives 

found within MNPs (i.e. phthalates and BPA) can in fact disrupt this critical developmental 

process. In rodent models, exposure to phthalates and BPA can induce alterations in DNA 

methylation patterns 69–72, histone modifications 72,73, and non-coding RNA expression within the 

germline. These changes can disrupt normal epigenetic programming during critical windows of 

spermatogenesis, leading to impaired sperm development, reduced sperm quality, and 

compromised fertility 69,72–74. Similar associations have been observed in human populations, 

with several studies demonstrating a correlation between urine phthalate and/or BPA metabolite 

concentrations and differential methylation patterns in the sperm, often in promoter regions of 

genes related to cellular growth and development, coupled to poor sperm quality and fertility 

outcomes 73,75–78.  Furthermore, the intergenerational and transgenerational effects of phthalates 

and BPA on germ cell epigenetic marks have been observed, indicating the potential for long-

lasting impacts on future generations 69,70.  

 

Reproductive Effects in Adult Females  
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Like most studies investigating the reproductive impact of MNPs in males, PS-MNPs are among 

the most widely studied plastic particles in relation to female reproductive toxicity in mammals 

79. In both a rat and mouse model, oral exposure to PS-MNPs results in the accumulation of these 

particles within uterine tissue  80 and in various ovarian compartments, including within growing 

follicles 53,79–84. Ovaries of these exposed rodents have reduced weight, decreased expression of 

cytoskeletal proteins, and demonstrate altered follicle dynamics, with a reduction in the number 

of growing and mature follicles and increased atretic and cystic follicles 79. In parallel, distinct 

changes in reproductive hormone signalling are observed, with reductions in the circulating 

concentrations of estradiol (E2) and anti-mullerian hormone (AMH), and increased concentrations 

of LH, follicle stimulating hormone (FSH) and testosterone 53,79,83. Exposed rodents demonstrate 

functional/fecundity consequences of this MNP exposure, with measurable changes in estrous 

cycle duration, decreased ovarian reserve, lower embryo implantation rates and smaller litter 

sizes 53,83. The mechanistic underpinning of this reproductive dysfunction is thought to be in large 

part driven by MNP-induced oxidative stress. Ovarian tissues of exposed rodents demonstrate 

markers of oxidative stress, such as malondialdehyde (MDA) 79,80,83,85, with noted disturbances in 

total antioxidant capacity and increased evidence of apoptosis 83. Similarly, human granulosa cells 

(COV434) exposed to PS-MNPs in vitro likewise demonstrate increased evidence of lipid 

peroxidation, with decreased protein expression of super oxide dismutase (SOD2) and 

glutathione (GSH) antioxidant systems, and decreased cell viability 83. The accumulation of MNPs 

in female reproductive organs and the resulting oxidative stress are thought to promote excess 

fibroblasts proliferation and fibrosis 86–90. Furthermore, evidence of pro-inflammatory signalling 

is observed in these exposed tissues 80. It should be noted that very little work to date has 
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examined the presence or toxicity of MNP exposure in human female reproductive tissues, and 

this should be a prioritized focus of research endeavours moving forward. However, MNPs were 

recently detected in follicular fluid of 7 patients undergoing fertility treatment 91. The mean 

concentration of the MNPs in these samples was ~ 120 MNP/ml, with the most predominant 

polymers present being PVC, PE, PS, PP and PU, found in conjunction with several common 

plastic-related particles, including common pigments, solubilizers and fillers. Importantly, the 

authors demonstrated compromised bovine oocyte maturation when cultured in the presence of 

these same MNPs in vitro, at similar concentrations to those measured. Further, these exposed 

oocytes demonstrated significant proteomic alteration, with differential expression of proteins 

involved in oocyte function, oxidative stress, and DNA damage 91. To date, there have been no 

investigations examining the impact of MNPs on the oocyte epigenome in any mammalian 

species, however the epigenome of female mammalian gametes is likewise known to be 

adversely impacted by many additive compounds found in MNPs 92,93. As such, there is very likely 

additional adverse effects of these plastic particles on oocyte health, and the health of 

subsequent generations, driven in part by altered oocyte epigenetic imprinting. Collectively, this 

patchwork of findings collected across mammalian species provide compelling evidence of the 

toxic effects of MNPs on female reproductive health and fecundity. 

 

MNP Exposure in Pregnancy  

MNPs in the Placenta 

Mounting evidence suggest that MNPs accumulate within and affect the proper functioning of 

the placenta – the vital organ of pregnancy responsible for all maternal-fetal exchange  94. The 
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presence of MNP accumulation in placental tissue of rats treated with PS-MNPs was first 

described in 2020 95 and has since been reproduced in many studies in mice 96–98, with observed 

structural and functional consequences 95–100. Exposed females (MNPs between 100 nm-10 μm) 

have smaller placentas 95,97, reduced numbers of glycogen-containing cells within the placental 

endocrine-functioning junctional zone 99, and poorly developed feto-placental vasculature 99. The 

remodelling of the uterine spiral arteries is also compromised, likely the result of uterine and 

placental immune cell imbalances (i.e., decreased uterine natural killer cells, altered macrophage 

1/2 ratio) 96. In addition, transcriptomic and metabolic analyses of MNP-exposed placentas 

demonstrate disturbed amino acid, glucose and cholesterol metabolism and 

complement/coagulation cascades pathways 99,100. 

More recently, MNP accumulation has been observed in human placenta tissue of otherwise 

healthy pregnancies delivered both vaginally and by C-section 36,44–49. The number of MNPs 

measured varied across patients, ranging from 0.3-9.6 MNPs/g tissue 49, with the most common 

polymers identified as PE, PS, PA, PU, and PVC 36,45,46,49. Grossly, MNPs were found in both the 

fetal and maternal compartments of the placenta, along with the chorioamniotic membranes 47. 

More detailed investigations identified microplastic-like particles within the syncytiotrophoblast 

cellular layer of the placenta, both free within the cytoplasm and encapsulated within structures 

located below the plasma membrane (i.e. vacuoles, lipid droplets, vesicular bodies, lysosomes, 

peroxisomes), as well as within the pericytes and fetal vascular endothelial cells located within 

the chorionic villous structures 48.  
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While in vivo functional investigations pose an ethical and logistical challenge in human 

populations, in vitro studies carried out using different human placenta cell lines demonstrate a 

clear potential for human placental MNP uptake and functional alterations. Using the 

immortalized HTR-8/SVneo extravillous cytotrophoblast cell line, PS-MNP exposure resulted in 

MNP accumulation within the cytoplasm, followed by increased production of reactive oxygen 

species (ROS), enhanced production of pro-inflammatory cytokines (e.x., TNF-α and IFN-γ), cell 

cycle arrest and ultimately reduced cellular viability 101. These cells also demonstrate altered gene 

expression profiles, with up-regulation of genes required for regulation of leukocyte 

differentiation, cell cycle, apoptotic process, and cellular adhesion. Functionally, these MNP-

exposed cells demonstrated impaired cell motility and invasion capacities, indicating that MNP 

exposure may negatively impact the invasive placentation process, required for the establishment 

of a robust utero-placental circulation needed to support adequate fetal development 101,102 

Studies have also been carried out using BeWo and JEG-3 cells 103,104 – both choriocarcinoma cell 

lines representative of the chorionic villous cytotrophoblast and syncytiotrophoblast cell lineages, 

that directly facilitate maternal-fetal exchange. These studies likewise demonstrate placental cell 

uptake of MNPs in a size and concentration-dependant fashion, with MNP-induced ROS 

production, inflammation, DNA damage, cell cycle arrest, and apoptosis 103,104. 

A combination of animal, human observational and experimental data has distinctly 

demonstrated the potential for placental transfer of MNPs into the fetal compartment. 

Observations in both maternal mice and rats exposed to PS-NPs ranging in size from 20 to 500nm 

during gestation demonstrated the presence of these particles in fetal liver 95,105,106, heart 95,106, 

brain 98,105,106, lung 105,106, and kidney 106. Interestingly, a similar exposure using PE-MPs (10-45 
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um) observed accumulation exclusively in fetal kidneys 107. In humans, MNPs have been measured 

in fetal meconium 36,45,46,  and using an ex vivo human placenta perfusion model, a size dependent 

transfer of MNPs from the maternal to fetal circulation has been described 108,109. These exposed 

human placenta tissues also demonstrated dysregulated expression of genes and proteins related 

to inflammation and iron homeostasis 110.  Collectively, these data demonstrate placental 

accumulation and translocation of MNPs into the fetal compartment, leading to concern that 

maternal MNP exposure during pregnancy may initiate adverse fetal programming events, 

resulting in short- and long-term health concerns for the offspring.  

MNP Exposure during Pregnancy and Early Life Health Effects on Progeny 

Given the vital importance of placental health and function for fetal development, it is 

unsurprising that MNP exposure in pregnancy is associated with altered fetal growth profiles. 

Mouse models of gestational exposure to PS-MNPs, ranging in size from 90 nm – 5 um, 

demonstrate pronounced fetal growth restriction in the last half of pregnancy (E15.5-E17), with 

fetal weights on average 12-15% smaller than non-exposed fetuses 97,99,111. The feto-placental 

weight ratio is also reduced 111, a finding consistent with fetal growth restriction (FGR) suggesting 

inadequate nutrient transfer capacity to support fetal weight gain 112. These authors also 

observed decreased umbilical cord length in the MNP-exposed fetuses 111, a finding described in 

murine models of hypoxia-mediated FGR 113,114 and found in human cases of FGR and fetal distress 

115. Most studies have reported no impact of maternal MNP exposure on total litter size, however 

some reports of embryonic lethality and resorption have been reported in both murine and chick 

embryo model systems 97,116, the latter attributed to significant embryonic malformations and 

developmental delays. 
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MNP-induced FGR is further extended to observations of reduced birth and neonatal body 

weight. In both rat and mouse models, exposure to PS-MNPs (70-100 nm) during pregnancy 

reduced neonatal pup weight by 7-15%, in some cases in a sex-dependant fashion 95,117–120. 

Specifically, two studies report reduced neonatal weights only for female offspring 118,119. 

Interestingly, a paralleled decrease in placental expression of 11β-hydroxysteroid dehydrogenase 

(11β-HSD) was uniquely observed in exposed female fetuses 118.  As placental 11β-HSD is a critical 

regulator of fetal cortisol exposure in utero, the authors speculate that dysregulated 

glucocorticoid signalling may, in part, be responsible for the sex-specific differences in neonatal 

weight observed. Curiously, there is one report of altered neonatal sex ratio at birth, skewed in 

favor of male offspring, coupled to a reduced live birth rate in a mouse model of gestational PE-

MNP exposure. However, in this model, the body weight of male and female pups were equally 

reduced at 6 hrs after birth 120. In human populations very little is known about the impact of 

maternal MNP exposure on fetal growth and offspring birthweight. However, recently,  an inverse 

correlation between placental MNP accumulation and birthweight in FGR pregnancies was 

reported (r = - 0.82, p < 0.001) 44. Similar relationships were observed for neonatal length at birth, 

head circumference and 1 minute APGAR scores. MNPs were detected in all 13 cases of FGR 

examined, with up to 38 distinct MNPs measured per sample. PE and PS were the most abundant 

polymers identified, and the MNPs ranged in size from 2.9 to 34.5 um.  While this study has a 

small sample size, and some methodology questions are outstanding (i.e. how much placenta 

tissue was examined/case?), it certainly provides concern regarding the impact of in utero MNP 

exposure on fetal growth and development that warrants further investigation.  
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An increasing body of evidence suggests that in utero exposure to MNPs not only adversely affects 

fetal and neonatal body weight but also compromises fetal organ development. For example, 

skeletal muscle tissue collected from term murine fetuses exposed to PS-MNPs in utero, 

demonstrate significant dysplasia, with dysregulated expression of genes involved in muscle 

tissue development, lipid metabolism, and skin formation 99. In the post-natal period (day 14), 

mice exposed to MNPs in utero and during lactation demonstrate a substantial reduction in the 

number of proliferative cells within the hippocampus, with reduced numbers of neural stem cells 

– indicative of abnormal brain development 121.  These offspring demonstrate neurophysiological 

and cognitive deficits in a gender-specific manner affecting females. Evidence collected using a 

chick embryo model likewise points to detrimental effects of in utero MNP exposure on nervous 

system development, including the observation of neural tube defects 97. Post-natal observations 

in both murine and chick models additionally indicate adverse effects of gestational MNP 

exposure on the size and histological organization of the developing liver, spleen and heart 

116,117,120, with evidence of oxidative stress and dysregulated immune cell infiltration. Importantly, 

findings of altered fetal/neonate body and organ weight are shown to persist into adulthood in 

some cases 117,120, emphasizing the potential for adverse short- and long-term health outcomes 

for offspring exposed to MNPs during pregnancy.  

It should be noted that not all results collected to date have likewise demonstrated reduced fetal, 

birth or neonatal organ weights following MNP exposure in utero. Rather, other groups have 

found no differences, or even increased rodent pup weight up to 1 week after delivery 106,107,121. 

These observed discrepancies can likely be attributed to the wide range of MNP exposure 

protocols and experimental methods used across studies. Most studies summarized were carried 
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out using PS-MNPs, often in the nano-particle size range (25-900 nm) 97,99,106,111,116,116–119,121, 

however a few used larger PS- or PE-MNPs (1 um-45 um) 107,111,116,120 which may not demonstrate 

similar bioavailability and/or trans-placental transfer profiles. Lengths of maternal MNP exposure 

also varied, some beginning exposure up to 80 days prior to mating 120 and others continuing 

exposure until the time of weaning 117,121. In fact, Jeong et al reported no changes in fetal weight 

profiles at gestational day 14, but increased pup weight at 7 days post-delivery – findings they 

attributed to postnatal MNP exposure via breastmilk 121. Further, differences in route of 

administration (oral vs. inhalation vs injection), coupled to differences in dosing reporting 

practices, makes direct comparison of pregnancy outcome data from various MNP exposure 

models a challenge to interpret. 

 

MNP Exposure during Pregnancy and Later Life Health Effects on Progeny 

It is proposed that in utero MNP exposure may have lasting effects on the life-long health profiles 

of offspring, attributed to MNP-mediated adverse in utero programming events. Within the 

developmental origins of health and disease (DOHaD) framework, it is well established that FGR, 

reduced birthweights and subsequent rapid growth in early life (ie. “catch up” growth) are 

associated with development of cardiovascular disease, hypertension, type 2 diabetes, metabolic 

syndrome and insulin resistance in later life 122. In this regard, the findings detailed in section 5.2 

would certainly suggest an increased susceptibility to adult chronic disease in MNP-induced 

growth restricted offspring. While there is not yet a large body of work directly testing this 

hypothesis, the findings in support of it are beginning to trickle in.   
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In rodent models, lifelong metabolic dysfunction has been observed in offspring with in utero  

exposure to PS-NPs.  Mice offspring born to mothers exposure to PS-MPs (0.5 um – 5 um) across 

pregnancy demonstrate increased liver weights, and alterations in lipid, metabolic, and gene 

expression profiles associated with fatty acid metabolism disorder at post-natal day 42, in a MNP 

size- and offspring sex- dependant fashion, with larger MNPs effecting female offspring more 

profoundly  123,124. Even more concerning, while milder in nature, similar evidence of metabolic 

dysfunction was observed in the F2 generation of offspring in this model of gestational MNP 

exposure124. It is important to note, that the MNPs used in the studies were manufactured and 

likely did not contain any of the myriad of chemical additives present in commercial plastic 

products. This is an important consideration, as many of these additive chemicals are well 

established as adverse fetal programming chemical exposures, associated with the 

transgenerational propagation of chronic adult-onset metabolic disorders 125,126.  

 

In utero MNP exposure has also been linked to adverse neurodevelopmental programming events 

in rodent models, with subsequent later life neurocognitive deficits. Offspring exposed to PE-

MNPs (10um-20um) in utero demonstrate autistic-like traits, including reduced sociability, 

decreased working memory, repetitive, compulsive and anxiety-like behavior at 8 weeks of age 

127. Coupled to evidence of MNP accumulation within the fetal thalamus with in utero exposure 

98, these findings certainly raise concern over the impact of gestational MNP exposure on 

neurodevelopment and neurocognitive health outcomes for offspring.   
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While not extensive in volume, the limited studies complete to date focused on the long-term 

health implications of in utero MNP exposure warrant concern and certainly identify a gap in 

knowledge that we urgently need to address.   

 

 

 

Remaining Gaps in Knowledge and High Priority Research Areas 

The relatively limited evidence available on reproductive & developmental effects of MNP 

exposures suggests that significant impacts are possible.  However, there remain considerable 

gaps in understanding that prevent a thorough assessment of whether current MNP exposures 

Figure 2.2. Summary of the current evidence available on MNP exposure in pregnancy, 
potential mechanisms of MNP-induced in utero programming, and offspring health 
outcomes associated with in utero MNP exposure in humans and rodent models.  
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contribute to significant human infertility, compromised early life development and life-long 

disease risk.   It is clear that humans are ubiquitously exposed to diverse microplastics that 

probably infiltrate fetal tissues.  However, limitations in current methods of measuring MNP in 

various matrices (food, dust, tissue, etc) render accurate assessment of exposures inaccurate 

especially, for MNPs < 1um – likely those with the highest degree of associated biological harm.     

 

In addition, there are very few sources of well characterized, homogeneous preparations of 

microplastics available in sufficient quantity to study the potential hazards to reproduction and 

developmental programming.  As such, the vast majority of published toxicity studies have 

examined the effects of standardized polystyrene micro- or nano-sized plastics (PS-MNP).  This 

contrasts with the great diversity of microplastic shapes, sizes, polymer matrices and their 

associated chemical content found among the microplastic pollution in the environment.  It is 

possible that some MNP phenotypes may be more harmful than others, and the combined effect 

of particle size/shape and chemical composition may cause more damage than the pure polymer 

particle alone. The extent to which these variables may influence toxicity remains unknown and 

research is needed to evaluate the potential health effects on different types of polymers and 

additives.  

 

The cumulative results of human observational studies and animal experimental studies have 

certainly revealed concern for the short-term health concerns associated with gestational MNP 

exposure.  Unfortunately, only a handful of studies to date have explicitly focused on the potential 

long term consequences of MNP-induced early life programming events.  As such, a focus of 
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future work should be placed on the investigation of long-term health outcomes of offspring 

exposed to environmentally relevant MNPs in utero.  In parallel, improved methods to 

characterize MNP exposure in human populations are needed, such that clinical and 

epidemiological studies can begin to assess real world impacts on human populations. This will 

expand our ability to identify sources of MNPs exposure and develop mitigating strategies to limit 

exposures. Human exposure to plastic pollution will continue to grow rapidly as the rate at which 

plastics are used, consumed and disposed of continues to increase. As such, a deeper 

consideration and understanding of the threat of environmental MNPs to the health of future 

generations is warranted.  
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Chapter 3 - Hypothesis and Research Aims 
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Accumulation of environmental microplastics (MPs) across several organ systems has been 

documented in human populations. Experimental models have also demonstrated the ability of 

MPs to likewise accumulate in the placenta across pregnancy and transfer them to fetal tissues 

1,2. More recently, these same observations have been made in a few small observational studies 

of human placenta tissue 3–5. What is not as clear is which placental structures are most 

susceptible to MP exposure and accumulation – information needed to decipher the potential 

impact of MPs on placental function. Further, the magnitude and geographical context of this 

potential health concern remains uncertain, particularly for the Canadian pregnant population. 

In the studies carried out to date, there remains some concern about the source of the identified 

MPs, and whether they may in part be the result of post-delivery contamination and potentially 

influenced by the mode of delivery (vaginal vs. C-section). However, MPs have been measured in 

human fetal meconium, findings that are highly suggestive of placental accumulation and 

maternal-fetal transfer of these environmental contaminants. As such, the current study aims to 

confirm the presence and localization of MP contamination in human placentas within a Canadian 

pregnant population. In the design of this study, considerable attention was given to the role of 

post-delivery environmental contamination, and the potential role of mode of delivery, with a 

comprehensive environmental sampling for contaminating MPs and the comparison of MP 

accumulation in placentas collected from both vaginal and C-section deliveries.  

 

Hypothesis 

The overarching hypothesis of the current study is that environmental microplastics can 

accumulate in human placenta across pregnancy and may serve as an adverse developmental 
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programming exposure to the developing offspring. More specifically, it is hypothesized that 

MPs will be found throughout the placenta, including within the chorionic villi structures of the 

placenta – the site of active maternal-fetal exchange. Further, it is proposed that placentas 

collected from vaginal deliveries, compared to C-section deliveries, will demonstrate a higher 

level of MP contamination due to passage through the vaginal canal, where additional MP 

contamination may be present. 

 

Specific Research Aims 

In the current MSc thesis these hypotheses will be tested through the completion of the following 

specific research aims: 

Aim 1. Complete an environmental assessment of MP contamination within a Canadian labor 

and delivery unit and develop a plastic reduced protocol for human placental sampling 

following both C-section and vaginal deliveries. 

Aim 2. Measure and compare total MP contamination in human placentas following C-section 

and vaginal deliveries using Raman micro-spectrometry. 

Aim 3. Determine the types, and potential sources, of MP contamination of the human 

placenta in a Canadian context. 

 

In the completion of this thesis a comprehensive review of the literature focused on the 

potential impacts of MP exposure on maternal and fetal health, considered within the 

developmental origins of health and disease (DOHaD) framework,  was carried out and will be 

submitted for peer review (Chapter 2). The main body of this thesis comprises an additional 
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manuscript (Chapter 4) that presents the results obtained in the completion of the stated 

research objectives 1-3, which also will be submitted for peer review. 
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Abstract  

 
Microplastics (MPs) are tiny plastic particles (<5 mm) generated by the breakdown of larger plastic 

products in the environment. Microplastic accumulation in human placenta has recently been 

described. In an extension of this landmark work, the current study describes the accumulation, 

distribution, and characterization of MPs within the term human placenta. Placenta tissues were 

collected from healthy pregnancies following vaginal (n=5) and caesarean section (n=5) deliveries 

at a tertiary care centre located in an urban Canadian city (Ottawa, ON), with MPs detected and 

characterized by Raman microspectroscopy. MPs were identified in all placentas examined, with 

an average of 1  1.2 MP/g of tissue. Similar tissue concentrations of MPs were identified in all 

regions of the placenta (basal plate, chorionic villous, chorionic plate), and did not differ according 

to mode of delivery. MPs ranged in size (2 - 60 μm), with the most abundant MPs being 

polyethylene (PE), polypropylene (PP), polystyrene (PS) and Polyvinyl chloride (PVC). Several non-

plastic foreign particles were also identified in all placenta samples (4  2.9 non-MP particles/g 

tissue), most abundantly identified as carbon, graphite, and lead oxide. Collectively, these results 

demonstrate the accumulation of foreign particles, including MPs, throughout the human 

placenta. Given the vital functions of the placenta in supporting fetal growth and development, 

and the known biological toxicity of MPs, further investigations into the potential harmful effects 

of these environmental toxicants on maternal and fetal health is warranted. 
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Introduction  

 
Intense plastic manufacturing and use, coupled to poor waste management, has led to an 

environment overwhelmed with billions of tons of plastic waste 1,2. Plastic material 

abandoned in the environment leads to fragmentation and degradation 3. This process yields 

smaller plastic fragments referred to as microplastics (MPs). MPs range in size, from 1 μm to 

5mm 4, and are found ubiquitously in our environment, including waterways 5,6 soil 7  tap 

water 8, drinking water 8, household dust 9 and food products 8,10,11. 

 

Numerous investigations, encompassing both human and animal studies, have established 

microplastic particles have the capacity to enter the human body and amass within various 

tissues and organ systems 12–18 . Microplastics have been detected in vital human biological 

matrices, including but not limited to, the circulatory system, exemplified by their presence 

in human blood 19. Additionally, they have been found in urine 20 and fecal matter 21. 

Furthermore, these investigations have illuminated the distribution of MPs within various 

human organ systems encompassing the lungs 12–16, spleen 22, liver 17, kidney 22, and colon 18. 

Recently studies identified the presence of MPs within the human placenta 23–29 and fetal 

meconium 24–26. These discoveries are causing concern regarding the potential ramifications 

of environmental contaminations, specifically MPs, on the health and development of the 

human fetus 30 .  

The placenta is a transitional but vital organ of pregnancy, responsible for all maternal-fetal 

exchange required to support fetal growth and development.  In rodent models of gestational 

MP exposure, placental uptake has been described, with observed consequences for placental 
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function and compromised fetal growth trajectories 29. The landmark findings of MP 

accumulation within the human placenta have caught global attention, with ongoing queries 

regarding the scope and geographical context of this potential environmental health concern 

for mothers and infants. Given the heavy reliance on plastic polymer products within 

obstetrical health care delivery 30, there are additional questions surrounding the 

contributions of post-delivery contamination within the small observational studies reporting 

these findings, particularly across various delivery environments (i.e. surgical suite for C-

section deliveries) 24 .   

The present study aimed to evaluate the accumulation of MPs in human placentas collected 

from healthy pregnant Canadian women, with the use of Raman microspectroscopy to 

specifically identify polymer composition. Detailed investigation of MP localization across the 

distinct compartments of the placenta was undertaken, as well as a comparison of placental 

MP measurement in placentas delivered by vaginal or caesarean section, to specifically 

address concerns related to delivery environment and post-delivery contamination. We 

further present a modified protocol for MP isolation from human tissues which permits the 

identification of additional particles within placenta tissue samples beyond plastic polymers.   

  

Methods  

Patient Recruitment  

This study received approval from Health Canada-Public Health Agency of Canada Research 

Ethics Board (REB 2021-033H) and the University of Ottawa Research Ethics Board (#H-03-22-

7960). All recruited women had singleton, uncomplicated term pregnancies at The Ottawa 
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Hospital General Campus Birthing Unit. Exclusion criteria for study participation included any 

obstetrical complication during pregnancy or delivery, C-section delivery for any reason other 

than breach presentation or repeat C-section delivery, multiple (twins or more) pregnancy, or 

participants who did not understand either English or French. A total of 10 patients were 

recruited: 5 undergoing a standard vaginal delivery and 5 undergoing an elective C-section 

delivery.  

 

Characterization of potential post-delivery and environmental MP contamination 

A plastic-reduced protocol was developed for both vaginal and C-section deliveries. All plastic-

containing materials used during a standard vaginal or C-section delivery at The Ottawa 

Hospital General Campus were identified, and where available a non-plastic alterative material 

was identified for use during delivery. For those plastic-containing materials that could not be 

substituted due to institutional standard of care operational procedure (i.e., plastic surgical 

drape, gloves), items were sampled to determine potential post-delivery contamination signal. 

Briefly, in a sterile environment, the plastic-containing materials were rinsed three times with 

30 ml de-ionized filtered water , with the rinsate collected into sterile glass bottles. The 

samples were filtered through a silicon membrane (1 μm retention limit, Microplastic Sample 

Preparation Kit, Thermo Fisher Nepean, ON) using glass vacuum filtration funnel. Silicon filter 

membranes were used to collect any microplastics in these wash samples as their low optical 

interference and fine retention diameter (1 μm) ensured a high likelihood of identifying 

microplastics compared with glass fibre membranes required for the more difficult to filter 
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tissue samples (see below). Raman microspectroscopy was used to identify the presence and 

character of any background plastic contamination, as described below (Section 2.4).  

Similarly, plastics reduced conditions were developed for all tissue dissection and sample 

processing.  All plastic materials (with the exception of nitrile gloves) were kept out of the 

biocontainment hood in which samples were handled and sample filtering was completed.  

Individuals working in this hood wore only clothing (including lab coats) made from natural 

fibres.  Prior to use all containers, sample vials, and glassware used in transporting, collecting, 

processing or storing placenta or blank samples were vigorously rinsed with 50%  of container 

volume with deionized water (MilliQ, ) that was filtered through glass fibre membranes (Grade 

F, 0.7 μm retention limit, Sterlitech, Aubern, WA). 

 

Placenta collection  

After delivery, all placentas were collected under sterile conditions, placed into a sealed metal 

container, and transported on ice to the laboratory for processing within 1 hour of delivery. 

Placentas were weighed and placed into a sterile glass Pyrex tray within a biosafety hood. A 

metal bowl with 10ml deionized filtered water was placed in the hood to assess the presence 

of contaminating MPs within the hood air (Hood Blank - HB). Collected placentas were rinsed 

with 100ml deionized filtered water and transferred to a second sterile glass Pyrex dish. 

Microdissections of placental tissue were carried out midway between the placental margin 

and umbilical cord insertion site. At each microdissection site, samples were collected from 

the basal plate (maternal surface), chorionic villous tissue (maternal-fetal exchange region), 

and chorionic plate (fetal surface). All samples and HBs and were placed in labelled low-particle 
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glass vials and sealed. The water rinsate (100ml) used in the dissection process was collected 

into a 125 ml glass Wheaton bottle with phenol cap with Polytetrafluoroethylene (PFTE) liner.  

Prior to sample collection, all vials and containers were rinsed 2 times with deionized water 

(50% total container volume) which was pre-filtered through fibre filter membranes (Whatman 

Grade GF/F, 0.7 µm pore size).  All collected samples were stored at -20°C until digestion. 

 

Digestion of placenta samples 

The digestion of placenta samples was performed at the Environmental Health Science and 

Research Bureau at Health Canada, using a previously published method 16 with minor 

modifications as described. All glassware used to process tissue for MP isolation was washed, 

rinsed 2X with deionized water then rinsed with filtered deionized water and sealed with caps 

(vials) or rinsed tinfoil (flasks) prior to use. Vials containing placenta tissue were thawed at 

room temperature, rinsed with filtered water, and placed within a biocontainment hood.  

Cleaned and rinsed foil-sealed glass Erlenmeyer flasks (500 ml) were weighed to the nearest 

10 mg and placed into the biocontainment hood.  For each microdissected sample from each 

placenta, 1 g of placenta tissue was placed into a flask, resealed, and reweighed. The flask was 

then returned to the hood and 100 ml of filtered (GF/F) 30% H2O2 (>95%, Thermo Scientific) 

was added. The resealed flasks were then placed in a shaking incubator at 55°C for 11 days at 

100 rpm. After the first 5 days of incubation an additional 50ml of filtered (GF/F) 30% H2O2 was 

added to the digest sample, which was then placed back in the incubator for an additional 6 

days.  For each batch of samples digested, a Procedural Blank (PB) was also processed.  This 



 

 

 

62 

was generated by adding the filtered (GF/F) 30% H2O2 solution to a flask in the absence of any 

biological tissues and treated in the same manner as the digest samples.   

At the end of the incubation period, digests and PBs were filtered through a glass fiber 

membrane (Whatman Grade GF/D, 2.7 µm pore size), using a glass vacuum filtration 

apparatus. Glass filtration assemblies and clamp were pre-warmed to 55 °C. Digests were 

poured through the membrane, followed by 10 ml of filtered (GF/F) deionized water to remove 

any remaining H2O2 residue. The glass fiber membranes were then placed in clean glass petri 

dishes with unique identification and left in the plastic-free biosafety hood to dry.  

 

Analysis of microplastics by Raman Microspectroscopy 

Dried glass fiber membranes were examined using an integrated imaging system that couples 

an Enhanced Dark Field (EDF) optical microscope (CytoViva, Inc. Auburn, AL, USA) with a 

confocal Raman imaging system (Horiba Scientific XploRa Plus, Japan). The LabSpec 6 software 

suite (Horiba Ltd, Piscataway, NJ, USA) was used to acquire the Raman spectral information 

and KnowItAll spectral database (Bio-Rad Laboratories Inc, Hercules, CA, USA) was used to 

identify the character of the MPs and other particulate matter.  Membranes were visually 

scanned under 10X power in an organized systemic-grid fashion to locate all particles adherent 

to the glass fiber membranes.  Upon observing a particle, a brightfield image of the particle 

was captured (under 50X power), with a Raman spectrum and KnowItAll prediction collected 

from mid particle focus (Figure 4.1).     
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Figure 4.1 

 

 

 

Figure 4.1. Methodology workflow of placenta tissue sampling and processing for microplastic 

detection. One gram of placental tissue was collected from each anatomical site (chorionic 

plate, chorionic villus, and basal plate), which underwent chemical digestion and filtering 

through a GF/D membrane. Microplastics were identified using Raman microspectroscopy, 

with the generated spectra compared to the KnowItAll database to determine the particulate 

identity. 
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Statistical Analysis  

The comparison of data on MPs or non-MP numbers between regions and delivery types was 

done iteratively. Initially, a 2-way ANOVA was attempted but the data did not meet the essential 

assumptions of normality (Shapiro Wilk test) and equal variance (Brown-Forsythe test) required 

for a parametric test. Therefore, the difference in particle numbers (MP and non-MP) was 

analyzed separately in each placental region or summed across all regions by comparing the mode 

of delivery. Data was tested for normality using the Shapiro Wilk test. If the data was normally 

distributed, a 2-sided T-test was applied, and if the data was not normally distributed, the Mann-

Witney rank sum test was applied. The Kruskal Wallis test and Friedman test was used to analyze 

the difference while comparing all anatomical regions as the data was non-normally distributed. 

The significance for all statistical tests was set at p<0.05. As no tests indicated significant 

differences, no post-hoc comparisons were used. All statistical analyses were carried out using 

SigmaPlot (v13.0, Systat Inc, San Jose, CA). 

 
 
 

Results  

 
Patient characteristics  

Patient demographics, stratified according to mode of delivery, are presented in Table 4.1. 

Patients who delivered by C-section had slightly lower gestational ages compared to those 

delivered vaginally but this failed to reach statistical significance (p = 0.07)  (38.2 + 1.30 vs 39.8 + 

1.09) patients who delivered by C-section were carrying male fetuses (5/5), compared to 60% of 
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patients in the vaginal delivery group (3/5).  No differences were noted for maternal age, 

birthweight and placental weight, and no smokers were included in either group of patients.  

 

Table 4.1. Patient Demographics 

  

Vaginal Delivery 
(n=5) 

C-Section Delivery 
(n=5) 

T-Test P-Value 

Maternal Age; yrs 34 + 3.71 33 + 2.55 0.507 

Smoker; n (%) 0 0 - 

Gestational age at delivery; weeks 39.8 + 1.09 38.2 + 1.30 0.07 

Fetal Sex; n males (% males) 3 (60) 5 (100) - 

Birthweight percentile 46 + 34.5 72.6 + 29.7 0.23 

Placental weight; g 663 + 133 685 + 121 0.79 

 

Post-delivery and environmental MP contamination 

Four plastic materials were identified in the delivery and surgical suites of the birthing unit that 

could not be substituted during the delivery and sampling protocol and underwent MP 

evaluation. Only one item tested, the surgical drape used during C-section deliveries, 

demonstrated evidence of MP shedding, with 3 MP particles identified in 30 ml of rinsate, 

identified as polypropylene (PP) polymers (Supplemental Table 4.1).   

In both HBs and PBs some contaminating fibres were identified, with cotton or human hair source 

origin (Supplemental Table 4.2). Of note, these contaminating fiber types would be completely 

degraded in the sample digestion protocol employed. Nevertheless, fibres were excluded from all 

enumeration of observed particles in our placenta samples, regardless of their composition. 

Other types of contaminations shown in Supplemental Table 4.2 were observed in the HBs from 

C-section sample 1 (C1), C4, Vaginal sample 1 (V1), V2 and V3 and in PBs of C3, C4, V2 and V3. 
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However, these contaminants were infrequently observed and did not appear to be commonly 

found in any biological samples tested.  

 
Identification of MPs in Placenta Samples 

For each patient, 1 gram of tissue was collected from each of the three distinct anatomical regions 

of the placenta and processed for Raman Microspectroscopy (Figure 4.1). Identified MPs were 

noted in all placentas sampled, with 31 MP particles total detected across all ten placentas. The 

number of MPs per placenta varied (ranging from 1-11, Figure 4.2), with an average of 1  1.2 

MP/g of tissue. The identified MPs ranged in size from approximately 2 - 60 μm. No significant 

differences were observed in the number of identified MPs across the three anatomical sites 

sampled – the basal plate, the chorionic villous and chorionic plate (p>0.05; Figure 4.2). There 

was likewise no difference in the total or localized number of MPs identified according to mode 

of delivery (p>0.05; Figure 4.2) 
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Figure 4.2. Total and region-specific number of microplastics (MP) identified in placenta tissue 

collected from vaginal (blue) and C-section (purple) deliveries.  One gram of tissue was collected 

and processed from each anatomical site for each placenta. BP = basal plate; VT = chorionic 

villous tissue; CP = chorionic plate. 

 

Characterization of MPs identified within placenta samples 

Raman spectra were analyzed for each identified particle and exported into the KnowItAll 

database software for comparison to a library of spectra from known materials. In the collected 

placenta samples, the most abundant MP detected was unidentified polymers containing Copper-

phthalocyanine, found in 6/10 placentas (0.85  1.2 MP/g tissue), however no significant 

differences were observed according to anatomical location within the placenta or mode of 
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delivery (P=0.54; Tables 4.2, 4.3). Polyethylene Polystyrene (PS) and polyvinyl chloride (PVC) were 

each identified in 2/10 placentas (both with 0.3 particles/g tissue). Other common polymers 

identified in at least one placenta, included polypropylene (PP) and polymethyl methacrylate 

(PMMA) (both with 0.3 particles/g tissue). While polyethylene (PE) was only observed in 1/10 

placentas sampled, a total of 7 particles of PE were found across all three placental compartments 

in that placenta (2.3 MP/g tissue). As sample numbers were too small, statistical analysis of 

differences in MP polymer type according to placental distribution or mode of delivery was not 

possible for PP, PMMA, and PE. Representative bright field images for each of these MPs are 

depicted in Figure 4.3, with detailed spectra analysis for each presented in Supplemental Table 

3. Additional polymers were observed, including 1 styrene isoprene and 1 phthalocyanine 

(Mortoperm blue - polymer dye), however the polymer matrix containing the dye was not 

identifiable.   

Table 4.2. Total number, distribution, and polymer character of detected microplastic particles 

per gram tissue in placentas collected following C-section and vaginal deliveries.  

MP Polymer C-section (n= 5) 
 

Vaginal (n=5) 

BP 
(MP/g 
tissue) 

VT 
(MP/g 
tissue) 

CP 
(MP/g 
tissue) 

Size 
(um) 

BP 
(MP/g) 

VT 
(MP/g 
tissue) 

CP 
(MP/g 
tissue) 

Size 
(um) 

PE - - -  - 2 2 3 5 – 20  

PP 1 - - 60 - - - - 

PS - 1 - 7  1 - - 40  

PVC - 2 - 9 - 15  - - - - 

PMMA - - 1  3  - - - - 
Copper 

phthalocyanine# 
6 

3 2 
 2 – 40  2 

1 2 
12 - 44 

Styrene-
isopropene 

- 
- 1 

10  - 
- - 

- 

Mortoperm blue# - - - -  1 - - 7  

All polymers 7 6 4 2 - 60 6 3 5 5 - 44 
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#Dye used in plastic. 

MP = microplastic; g = gram tissue; BP = Basal Plate; VT = Chorionic Villous Tissue; CP = 

Chorionic Plate; PE = Polyethylene; PS = Polystyrene; PP = Polypropylene; PVC = Polyvinyl 

Chloride; PMMA = Polymethyl methacrylate. 

 

Table 4.3. The number of microplastic particles identified in placenta tissue according to polymer 

type and mode of delivery. 

 

MP Polymer C-Section (n= 5) 
# MPs identified* 

Vaginal delivery (n = 5) 
# MPs identified* 

Total # MPs 
identified by 
polymer type C1 C2 C3 C4 C5 V1 V2 V3 V4 V5 

PE - - - - - - - 7 - - 7 

PP - - - 1 - - - - - - 1 

PS 1 - - - - - 1 - - - 2 

PVC - - 1 1 - - - - - - 2 

PMMA - - 1 - - - - - - - 1 

Copper phthalocyanine# - 1 - - 10 1 1 2 - 1 16 

Styrene-isopropene - - - - 1 - - - - - 1 

Mortoperm blue# - - - - - - - - 1 - 1 

Total # MPs identified/ 
Placenta* 

1 1 2 2 11 1 2 9 1 1 31 

*Total of 3 grams collected per placenta. 

#Dye used in some plastic. 

Polyethylene (PE); Polystyrene (PS); Polypropylene (PP); Polyvinyl Chloride (PVC); Polymethyl 

methacrylate (PMMA). 
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Figure 4.3. Representative brightfield images of common types of microplastic polymers found 

in human placenta samples. A) Polyethylene (PE), B) Polypropylene (PP), C) Polystyrene (PS), D) 

Polyvinyl Chloride (PVC), E) Copper phthalocyanine. 

 
Identification of non-MP particles in placenta samples 

Particles observed in digested placenta samples were not limited to microplastics, other non-

microplastic particles were also detected. All placenta samples contained non-MP particles, with 

a total of 121 non-MP particles detected across all 10 placentas. The number of non-MP particles 

per placenta varied (ranging from 2-34, Figure 4.4), with an average of 4  2.9 non-MP particles/g 

of tissue. The identified non-MP particles ranged in size from approximately 2 - 100 μm (Table 

A) B) 

C) D) 

E) 
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4.4). A non-significant trend of increasing particle accumulation within the chorionic villous 

compartment of the placenta was noted, compared to the basal and chorionic plate 

compartments (p = 0.151; p= 0.100; p= 0.421 Figure 4.4, Table 4.4). There was no significant 

difference in the total number distribution of non-MP particles identified according to mode of 

delivery (p= 0.155) Figure 4.4, Table 4.4).  

 

 
Fig 4.4. Total and region-specific number of non-microplastic particles identified in placenta 

tissue collected from vaginal (blue) and C-section (purple) deliveries.  One gram of tissue was 

collected and processed from each anatomical site for each placenta. BP = basal plate; VT = 

chorionic villous tissue; CP = chorionic plate.  
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Table 4.4. Total number, distribution, and particle character of detected non-MP particles per 

gram tissue in placentas collected following C-section and vaginal deliveries.  

Non-MP 
Particle 

C-section (n= 5) Vaginal (n=5) 

BP 
(particles/g 

tissue) 

VT 
(particles/g 

tissue) 

CP 
(particles/g 

tissue) 

Size 
(um) 

BP 
(particles/g 

tissue) 

VT 
(particles/g 

tissue) 

CP 
(particles/g 

tissue) 

Size 
(um) 

 

Carbon# 5 - - 10 - 25  - 3 2 3 -15  

Graphite 5 4 - 2 - 25  - 8 1 5 -16  

Lead 
Oxide 

4 5 1 12 - 40 - - - -  

Bayerite 3 2 - 6 - 60  - 5 - 
12 - 
34 

 

Other^ 11 10 3 3 - 80 3 23 11 
4 - 

100 
 

Unknown+ 2 6 1  3 - 40  - 1 2 
8 - 
80 

 

All non-
MP 

particles 
30 27 5 2 - 80 3 40 16 

4 - 
100 

 

# Includes black carbon, diamond like carbon 

^Includes less common findings, details included in Supplemental Table 4 

+Spectrum could not be identified through Raman spectra and KnowItAll database.  

Basal Plate (BP); Chorionic Villous Tissue (VT); Chorionic Plate (CP) 

 
Characterization of non-MPs particles in placenta samples 

Non-MP particle composition was also identified in placenta samples using Raman 

microspectroscopy, with confirmation of particle identity though KnowItAll database.  A total of 

29 unique particle identities were captured (Supplemental Table 4.3), with the most abundant 

particles identified as carbon, graphite, lead oxide and bayerite composition (Tables 4.4 and 4.5). 

Each of these particles were observed in 2-3 different placentas, ranging from 1-22 total particles 

per placenta (1.5  1.1 particles/g of tissue). No significant differences were observed in the 
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specific non-MP particle type according to anatomical location within the placenta or mode of 

delivery (P> 0.05; Tables 4.4 and 4.5). Representative bright field images for each of these MPs 

are depicted in Figure 4.5, with detailed spectra analysis for each presented in Supplemental 

Table 4.5. It should be noted that there were 12 particles for which Raman spectral analysis was 

inconclusive and, therefore, could not be identified (Table 4.5). 

 
Table 4.5. The number of non-microplastic particles identified in placenta tissue according to 

particle type and mode of delivery. 

Particle type C-Section (n= 5) 
# particles identified* 

Vaginal delivery (n = 5) 
# particles identified* 

Total # of particles 
identified by type 

C1 C2 C3 C4 C5 V1 V2 V3 V4 V5 

Carbon# 5 - - - - 2 - - 3 - 10 

Graphite - - 9 - - - - 8 - 1 18 

Lead Oxide - - 9 1 - - - - - - 10 

Bayerite - - 4 - 1 - - - 5 - 10 

Other^ 4 - 6 11 3 11 13 2 2 9 61 

Unknown+ - 2 6 - 1 2 1 - - - 12 

Total # particles 
identified/ 
Placenta* 

9 2 34 12 5 15 14 10 10 10 121 

*Total of 3 grams collected per placenta. 

# Includes black carbon, diamond like carbon 

^Includes fewer common findings, details included in Supplemental Table 4 

+Spectrum could not be identified through Raman spectra and KnowItAll database.  
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Figure 4.5.  Representative brightfield images of common types of non-microplastic particles 

found in human placenta samples. A) Carbon, B) Graphite, C) Lead Oxide, D) Bayerite.  

 
 

Discussion   

 
The major findings of this study indicate the presence of both MP and non-MP particles in all 

placentas sampled, distributed across all placental compartments and unrelated to the mode of 

delivery. This small sample was selected from women+ whose singleton pregnancies were 

uncomplicated and who delivered within a tertiary care hospital setting within in a large Canadian 

city (Ottawa, Ontario).  While these exposure levels may not represent the diversity of exposures 

across the Canadian population, it certainly provides insight regarding routine particulate 

exposures of adult women+ within a major urban region in Canada. To the best of our knowledge 

this study is the first to report presence of microplastic in human placentas within a Canadian 

pregnant population.  

A) B) 

D) C) 
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Our findings are mostly consistent with those reported in a handful of recent publications 23,24,29. 

Importantly, however, the current study found MP contamination in all placentas samples (100%, 

n=10), whereas smaller observational studies carried out in Italian and German urban city 

obstetrical populations 23,24 have reported MPs in less than 70% of placentas analysed – possibly 

suggesting increased gestational exposure to MPs experienced by Canadian women+. The current 

study further identified the presence of non-MP particles in all placenta samples, many composed 

of synthetic materials.  Few studies have reported the presence of foreign non-MP particles in 

human placenta tissues to date, although Ragusa et al., did describe the presence of unidentified 

particles bound to polymer dyes 23,28 .Carbon was also a common non-MP placental contaminant 

identified in the current study, findings that have been previously described by others 31 and 

found to correlate with levels of carbon black found in dust particulate within a women+’s home 

during  pregnancy.  

An extremely important consideration when interpreting the scope of the presented MP (1 ± 1.2 

MPs/g tissue) and non-MP particle (4 ± 2.9 non MPs/g tissue) accumulation within the placenta, 

is the total size of this vital organ of pregnancy at the time of delivery – typically ranging from 

550-650 grams. As such, in our sampled Canadian population, it can be assumed that an average 

placenta may contain upwards of 650 MPs and 2,600 non-MP particles at the end of gestation. A 

second critical consideration for data interpretation, is the current technical limitations of MP and 

non-MP identification by Raman Microspectroscopy at the lower end of the particle size spectrum 

(<1 μm).  The smallest particles detected in the current study were ~2 μm – aligned to the lower 

threshold of detection of this current technology 32.  Due to the higher bioavailability of smaller 

particles throughout the human body and placenta 33, there are certainly smaller particles present 
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in the placenta that were not accounted for in the presented measurements, and as such reported 

concentrations are likely significant underestimates of total particle accumulation in the placenta.  

It is important to note that variation by individual was observed, with some placentas 

demonstrating very few total particles (0.3 particles/g tissue) and others demonstrating a high 

degree of particle accumulation within the placenta (11.3 particles/g tissue). No smokers were 

included within the sampled population, however these results would indicate vastly different 

particle exposure levels during pregnancy, possibly related to differences in diet/food practices, 

socioeconomic status, workplace and home life exposures. Future work focused on better 

understanding the associations between gestational MP/non-MP particle exposures and geo-

demographical variables is warranted.  

The chemical character of MP and non-MP particles were identified for most MP and non-MP 

particles detected in the current study – with the most common MPs identified as PE, PP, PS and 

PVC, and the most common non-MP particles identified as carbon, graphite and lead oxide. While 

these characterizations are important for understanding relevant gestational exposures, 

particularly in light of future design of toxicology and mechanistic in vitro studies, concrete 

determination of original sources of the exposures is not possible.  Homes, workplaces, and other 

environments contain a wide variety of products and materials that could be sources of the 

detected MP particles. Polyethylene (PE) is widely used in plastic bags, plastic wraps, packaging, 

bottles, etc 34. Polypropylene (PP) is widely used in plastic bottles, indoor-outdoor carpets, 

microwavable containers and disposable face masks 34. Polystyrene (PS) is mainly found in 

styrofoam and single use cutlery 34, while polyvinyl chloride (PVC) can be found in plastic pipes, 

synthetic leather, clear food wrap,  flooring materials and soft toys, among others 34. Likewise, the 
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most abundant non-MP particles identified are pervasive in the environment. Carbon/black 

carbon particle is a primary constituent of air pollution, the result of incomplete combustion of 

fossil fuels 35 .Graphite is mainly found in lead pencils36 , whereas lead oxide particles could arise 

from the use of lead in old batteries, from paint pigments (especially white), or gas sensors37 . 

The wide use of these various products and materials represent a wide range of potential 

exposures to humans.   

 

MPs and non-MP particles were detected in equal quantities in all three regions of the placenta 

sampled.  Had there been a notable concentration uniquely located on the maternal surface 

(basal plate), one could have inferred a selective barrier function of the placenta regarding MP 

and non-MP transfer to the fetal compartment.  However, this was not the case, as MP 

accumulation was also observed within the chorionic villous exchange region and the fetal surface 

of the placenta (chorionic plate). The presence of MPs throughout the placenta certainly warrants 

concern regarding the functional impact of these particles on placental integrity and function (i.e., 

maternal-fetal exchange, hormone production etc.) and certainly infer MP translocation into the 

fetal compartment. Indeed, ex vivo placenta perfusion studies have confirmed the transfer of 

polystyrene nanoplastics from maternal to fetal compartments 33,38. Furthermore, the detection 

of MPs in the meconium of newborn infants 24–26 provides clear evidence of in utero exposure to 

MPs.  

The widespread distribution of MPs across all placenta samples underscores the significance of 

investigating their potential consequences on placental function and fetal development, an area 

of investigation that has been relatively unexplored, particularly in human populations. Evidence 
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collected using rodent models of gestational MP exposure have demonstrated smaller placentas 

39–41, impaired feto-placental and utero-placental vasculature development 40,42, disturbances in 

uterine immune cell balance (96) and placental metabolic disruption 42,43 . In vitro exposure of 

human placental tissue to MPs has also been shown to illicit dysregulated expression of genes 

and proteins related to inflammation and iron homeostasis 44 .  Some limited evidence in human 

studies has suggested a potential adverse impact of gestational microplastic (MP) exposure on 

pregnancy outcomes. Studies have shown that in cases of fetal growth restriction (FGR), there is 

a negative relationship between the accumulation of MPs in the placenta and birthweight. This 

correlation is statistically significant (correlation coefficient, r = -0.82, p < 0.001). Similar 

associations have also been observed for neonatal length at birth, head circumference, and 1-

minute APGAR scores.29. All 13 cases of FGR examined exhibited the presence of MNPs, with each 

sample containing a range of 2.9 to 34.5 um-sized MNPs, primarily composed of polyethylene 

(PE) and polystyrene (PS) polymers  29. Notably non-MP, black carbon particles have also been 

identified in higher concentrations within placentas of pregnancies complicated by pre-term 

delivery and/or FGR, compared to health controls 29,31.  

 
A comparative analysis was also conducted to assess the impact of the mode of delivery, 

specifically caesarean and vaginal deliveries, on the presence of both MPs and non-MP particles 

within placental tissues.  The objective was to discern whether any disparities in the quantity or 

types of MPs detected in placentas from these delivery modes could shed light on whether 

contamination occurred post-delivery or resulted from in utero accumulation during placental 

development. The absence of significant variations in MPs and non-MPs levels between the two 

delivery modes lends credence to the hypothesis that MPs contaminate the placental tissue 
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during gestation rather than after birth. This outcome also reflects the effectiveness of the 

measures taken to minimize plastic contamination throughout the delivery process, placenta 

dissection, sample collection, storage, digestion, and all other phases of sample handling and 

analysis. This confidence in the prevention of contamination is further supported by the near 

absence of particle contamination of PBs, which served to monitor potential sources of 

contamination during sample dissection and sample processing. In instances where particles were 

noted in the PBs, they did not bear resemblance to the particles found within the placenta 

samples. Furthermore, the presence of particles within the chorionic villous region of the 

placenta, located deep within the organ and shielded from external contact during delivery, 

provides compelling evidence that these particles were introduced during pregnancy rather than 

post-delivery. These collective observations strengthen the conclusion that MP particles 

identified in placental samples are indicative of in utero exposure, dispelling concerns of post-

delivery contamination. 

In conclusion, this study sheds a light on the presence of MPs, as well as non-MP foreign particles, 

in human placentas. Remarkably, particles were found in all placentas tested, and throughout the 

various compartments of the placenta – demonstrating the ability of these particles to translocate 

into the fetal compartment. As the placenta is the vital organ of pregnancy supporting fetal 

development, any adverse effects on these foreign particles on the health and function of the 

placenta can have serious effects on the health and wellbeing of the offspring. Further research 

is needed to understand the repercussion of this exposure in pregnancy but more importantly 

the developing fetus. 
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Supplement 

 
Supplemental Table 4.1. MP shedding analysis of plastic materials used in birthing suites at The 

Ottawa Hospital that could not be replaced in the plastic-reduced protocol. 

Item Common MPs 

PE PS PP 

Surgical drape - - 3 
Placenta collection bowl - -  

Placenta collection bag - - - 

Gloves - - - 

 
Supplemental Table 4.2.  Microplastic and non-microplastic particle contamination identified in 

hood blanks (HB) and procedural blanks (PB) for each placenta sampling.  

Mode of 
delivery 

Blanks MPs identified 
(MPs/10 ml) 

Non-MP particles identified. 
(particles/10ml) 

HDPE PE Graphite Glass Fibers Cotton 
Unkno

wn 
Human 

hair 
Dye 

C-section 
samples 
(C1-C5) 

HB-C1 - - - - - - 2 - - 

PB-C1 - - - - - - - - - 

HB-C2 - - - - - - - - - 

PB-C2 - - - - - - - - - 

HB-C3 - - - - 2 - - - - 
PB-C3 - - - 1 - 1 - - - 

HB-C4 - 1 - - 1 - - - - 

PB-C4 - - - - - - 1 - - 

HB-C5 - - - - - - - - - 

PB-C5 - - - - - - - - - 

Vaginal 
samples 
(V1-V5) 

HB-V1 - - 1 - 8 - - 1 - 
PB-V1 - - - - - - - - - 

HB-V2 - - - - 2 - 1 - - 

PB-V2 - - 1 - - - - - - 

HB-V3 1 - - - 2 - 1 - - 

PB-V3 - - - - - - - - 1 

HB-V4 - - - - - - - - - 

PB-V4 - - - - - - - - - 

HB-V5 - - - - 1 - - - - 

PB-V5 - - - - - - - - - 
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Supplemental Table 4.3.  Raman characteristics of detected microplastic polymers 

Polymer 
Detected Raman 
Spectral Bands 

(cm-1)  
Spectral Characteristics 

PE 

~ 1063  C-C asymmetric stretching  

~ 1296 CH2 twisting  

~ 2846 CH2 symmetric stretching  

~ 2881 CH2 symmetric stretching 

PP 

~ 808 CH2 rocking mode 

~ 841 CH2 rocking mode  

~ 1153 C-C stretching and CH bending 

~ 1330  CH bending and CH2 twisting 

~ 2884  CH2  symmetric stretching   

~ 2954 CH2 asymmetric stretching  

PS 

~ 1002 Styrene aromatic ring  

~ 1604 CH2 skeletal stretch 

~ 3056 C-H bonds stretching on benzene ring  

PVC 
~ 635 

C-Cl bonds stretching 
~ 688 

PMMA 

~ 991 O-CH3 rock  

~ 1456 C-H bending of α-CH3 

~ 1736 C=O carbonyl stretching 

~ 2849 Combination band O-CH3 

~ 2957 
C-H symmetric starching of O-CH3 with C-H stretching of α-

CH3 and anti-symmetric stretching of CH2 

CuPc 

~ 590 Twisting motions of the five membered ring 

~ 679 Two sets of Nitrogen in phase 

~ 1143 Type G antisymmetric and symmetric motion 

~ 1341 Type C symmetric and antisymmetric vibration 

~ 1452 Deformation of isoindole ring 

~ 1527 Type B stretching  

Styrene - 
Isoprene  

~ 1032 CH3 rocking  

~ 1451 CH3 in plane deformation 
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~ 2912 CH2 in phase stretch 

~ 3052 (=CH)(C(CH3)=CH2)) asymmetric stretch 

Mortoper
m blue  

~ 590 Twisting motions of the five membered ring 

~ 679 Two sets of Nitrogen in phase 

~ 1143 Type G antisymmetric and symmetric motion 

~ 1341 Type C symmetric and antisymmetric vibration 

~ 1452 Deformation of isoindole ring 

~ 1527 Type B stretching  

 
 
Supplemental Table 4.4. Non-MP particles identified in placenta samples that were classified 

within the “other” category, according to mode of delivery.  

Non-MP Particle 

C-Section (n= 5) 
# particles identified* 

Vaginal (n= 5) 
# particles identified* 

Total # of 
particles 

identified by 
type* 

C1 C2 C3 C4 C5 V1 V2 V3 V4 V5 

Carbon 5 - - - - 2 - - 3 - 10 

Gallium (III) 
Fluoride trihydrate  

1 - - - - - - - - - 1 

Biotite  1 - - - - - - - - - 1 

Dentin 1 - - - - - - - - 1 2 

Ammonium 
Hexafluorozirconate  

1 - - - - - - - - - 1 

Unknown - 2 6 - 1 2 1 - - - 12 

Unknown Dye - - 3 - - - - - - - 3 

Graphite  - - 9 - - - - 8 - 1 18 

Silicon  - - 1 - - - - - - - 1 

Lead Oxide  - - 9 1 - - - - - - 10 

Bayerite  - - 4 - 1 - - - 5 - 10 

Raw Umber  - - 1 - - - - - - - 1 

Barium hydroxide, 
hydrate  

- - 1 - - - - - - - 1 

Burnt Umber  - - - 3 - 4 - - - 2 9 

Silicon Carbine 3C - - - 3 - - - - - - 3 

Anthophyllite  - - - 1 - - - - - - 1 

Calcium oxalate  - - - 1 - - 9 - - 1 11 
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Burnt Sienna  - - - 1 1 2 - - - - 4 

Magnetite  - - - 1 - 1 - - - - 2 

Silotrans Red - - - 1 - - - - - - 1 

Ivory  - - - - - - - - - 2 2 

Ivory black  - - - - 1 - 1 - - 1 3 

Rutile  - - - - 1 - - 1 - - 2 

Iron Oxide  - - - - - 1 - - - - 1 

Poly(ethylene) 
Glycole Distearate 

- - - - - 2 1 1 - - 4 

Cadmium yellow  - - - - - 1 - - - - 1 

Red Ochre  - - - - - - 2 - - - 2 

Silicon 
Polycrystalline  

- - - - - - - - 1 1 2 

Magnesite  - - - - - - - - 1 1 2 

Total # 9 2 34 12 5 15 14 10 10 10 121 

*Total of 3 grams collected per placenta. 
 
Supplemental Table 4.5. Raman characteristics of detected non-plastic particles.  

Polymer 

Detected 
Raman 

Spectral Bands 
(cm-1)  

Spectral Characteristics 

Carbon  
~ 1350 D band 

~ 1585 G band 

Graphite 
~ 1580 G peak 

~ 2700 G' peak 

Lead Oxide  ~ 550 Reference peak  

Bayerite 
~ 388 

Reference peak 
~ 545 

 
 
Supplemental Table 4.6. Non-plastic particles and potential sources.  

Particles Potential sources 

Carbon Product of air pollution due to incomplete 
combustion of fossil and other fuels, photo 

copiers, printers, coloring agent.  
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Gallium (III) Fluoride trihydrate  water gallium source for use in oxygen-sensitive 
applications such as metal production 

Biotite  Silicate mineral in the common mica group. Found 
in granite (counter tops)  

Dentin A thick dentin layer forms the bulk of dental 
mineralized dental tissue  

Ammonium Hexafluorozirconate  chemical compound used in corrosion-resistant 
adherent coatings on aluminum surfaces and 

aqueous acid solutions for chemical conversion 
coatings  

Graphite  Crystalline form of the element carbon ; Found in 
pencils, lubricants, lamps, batteries, polishes 

Silicon  Used in cookware, bakeware, toys, adhesive, 
lubricants, gaskets, medical application  

Lead Oxide  Widely used in batteries, gas sensors, pigments 
and paints, ceramics, glass  

Bayerite  Production of aluminum metals and used in flame 
retardants 

Raw Umber  Umber is a natural brown earth pigment color 
that contains iron oxide and mangases oxide. In its 

natural form it is called raw umber  
Barium hydroxide, hydrate  Highly water insoluble crystalline barium source 

for uses compatible with higher basic pH 
environments 

Burnt Umber  Umber is a natural brown earth pigment, made by 
heating raw umber, which dehydrates the iron 

oxide 
Silicon Carbine 3C Silicon Carbine 3C is found in ceramic plates, 

bulletproof vest, car clutches. Silicon carbine is a 
hard chemical compound containing silicon and 

carbon  
Anthophyllite  Type of asbestos 

Calcium oxalate  Oxalate is found in certain foods such as spinach, 
almonds, soy etc.. Oxalate cannot be metabolized 
and must be excreted through urine. High levels 

may lead to kidney stones 
Burnt Sienna  Earth pigment from iron oxide  

Magnetite  A mineral whose primary component is iron oxide; 
Greated use is iron ore for steel manufacture 

Silotrans Red Dye - not sure for what specifically  
Ivory  Piano keys, jewelry, chess sets, also used in 

medicines  
Ivory black  Black paint by carbonising ivory  
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Rutile  Oxide mineral composed titanium dioxide 
Iron Oxide  Chemical composed of iron and oxygen  

Poly(ethylene) Glycole Distearate cosmetic products as surfactants, emulsifiers, 
cleaning agents and skin conditioners 

Cadmium yellow  Yellow pigment/paint 
Red Ochre  A variant of ochre containing a large amount of 

hematite, or dehydrated iron oxide, has a reddish 
tint known as red ochre 

Silicon Polycrystalline  unsure  
Magnesite  a refractory material, a catalyst and filler in the 

production of synthetic rubber, and a material in 
the preparation of magnesium chemicals and 

fertilizers. 
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Chapter 5 - Integrated Discussion 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

  



 

 

 

92 

General Discussion 

The current thesis addresses the overarching concern that microplastics from the environment 

may accumulate in the human placenta and induce adverse developmental programming in the 

fetus.   First, a detailed review of the primary literature relevant to this question was conducted.  

Specifically, a comprehensive overview of the current state of knowledge on microplastic 

contamination of human reproductive tissues, including placental and fetal tissues, and the 

reproductive consequences of these exposures was completed (Chapter 2). Next, a prospective 

observational study was undertaken to specifically measure and characterize microplastic 

accumulation within human placentas within a Canadian context (Chapter 4).   The completion of 

this observational study included the development of plastic-reduced sampling and processing 

procedures (Appendix 2), along with the optimization of methods for MP identification within 

biological tissues using Raman microspectroscopy analysis (Appendix 3).  Importantly, the results 

presented within this thesis demonstrate the presence of microplastic particles, along with other 

non-plastic particles, in all placentas examined and within both the maternal and fetal 

compartments of the placentas – indicative of in utero exposure to these environmental 

pollutants.  

In addition to confirming the abundant presence of MP particles in placentas of pregnant 

Canadians – addressing a geographical gap in knowledge - this study also sought to establish 

whether the delivery method influences the overall quantity and types of microplastics 

measured. The rationale for this specific comparison was to determine if there might be any 

environmental contamination unique to the delivery and/or post-delivery environment.  For 

example, placentas collected from vaginal deliveries may be exposed to contaminating MP 



 

 

 

93 

particles found in the vaginal canal or on the vulva – derived from sanitary items used by the 

individual at the end of pregnancy. Conversely, placentas collected from a C-section delivery may 

become contaminated with MPs derived from surgical procedure tools or items. A comprehensive 

environmental survey and sampling of all tools and items used in both a vaginal delivery suite and 

the surgical C-section suites was carried out in the completion of this thesis – addressing an 

overall lack of consideration for environmental contamination limiting the interpretation of the 

literature to date. Interestingly, mode of delivery was not found to be associated with any 

differences in MP measurements, and aside from 1 particle of polypropylene (PP) derived from 

the surgical drape, minimal delivery and post-delivery contamination was identified. These results 

strengthen the notion that reports of MP accumulation within placenta tissue are in fact valid, 

and certainly warrant concern over the potential impacts of these exposures in pregnancy.   

The current thesis contributes to the growing evidence of the potential adverse human health 

impacts of plastic pollution, specifically identifying a critical window of human development (fetal 

life) when these environmental exposures may have substantial, long-lasting health 

consequences. As detailed in Chapter 2, using the DOHaD framework, we can speculate that in 

utero MP exposure may serve to compromise placenta health and function, compromising 

maternal-fetal exchange and ultimately fetal development. As demonstrated in the current thesis 

and by others 1–3 , the distribution of MPs extends across all compartments of the placenta, and 

when combined with evidence of MP measurements in fetal tissues 4,5 and fetal/ Infant meconium 

3,6,7, there is strong evidence for the presence of MP transfer across the placenta into the fetal 

compartment, with the potential for direct MP-induced programming of developing fetal organ 

systems. To date, direct evidence for adverse in utero fetal programming and subsequent future 
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health compromise is limited to animal model investigations and should certainly be an important 

area for future investigation.  While not the primary focus of the current thesis, it is also important 

to consider that other critical windows of MP exposures may be of high relevance to human 

reproduction, including considerations of the effects of environmental MP exposures to gamete 

health and fertility (pre-conception period), as well as early childhood development (postnatal 

period).   

In addition to the confirmation of MP accumulation within the human placenta, an important 

finding of this thesis was the additional measurements of accumulated non-plastic particles 

within the placenta. To the best of our knowledge, this is one of the few studies to identify 

environmental pollutants in human placentas. One study investigated the effects of black carbon, 

an air pollutant, during pregnancy in humans. Another study investigated exposure to lead, an 

environmental pollutant 8,9. Exposure to both particulates was reported to cause preterm birth, 

cause low birth weight, and compromise fetal mental development 8,9. To date evidence of 

adverse health effects in humans induced by environmental pollutants exposure is limited and 

important for future work. However, investigations of particulates during pregnancy should not 

be limited to microplastics as other types of environmental pollutants can accumulate in the 

placenta compromising growth and fetal programming.  

The sophisticated methods used in the current thesis allowed for the determination of the 

chemical composition of both the MP and non-MP particles found within the placenta, identifying 

Polyethylene (PE), Polystyrene (PS), Polyvinyl Chloride (PVC) and Polypropylene (PP) to be the 

most prevalent MPs identified and carbon, graphite, and lead oxide to be the most prevalent non-

MPs identified.  However, this characterization cannot inform on the original sources or routes of 
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exposure by which these particles entered the bodies of study participants. The types of particles 

observed provide hints of potential sources tempting speculation that factors of lifestyle, 

workplace and diet contribute to these exposures. Until the factors that drive exposure are better 

understood, developing strategies to limit exposure will be a challenge.  While such exposures 

are not desirable, the lack of understanding of the risks that such exposures present to fetal and 

maternal health prevents an assessment of how aggressively such exposures should be limited. 

 

Limitations  

Although this thesis presents novel findings, there are several limitations that must be considered 

in their interpretation. To date, there is a lack of published evidence examining the relationship 

between MP exposures and human infertility, effects on early life development, and the risks of 

chronic illness. Further, the overwhelming majority of animal studies of MP toxicity examined the 

effects of highly engineered polystyrene microspheres.  It is not clear if the effects of these can 

be extrapolated to predict the effects of environmentally relevant microplastics that make up the 

vast majority of microplastics to which the human population is exposed.  Environmentally-

relevant microplastics – as has been described in detail in Chapter 2 – arise from diverse sources, 

have diverse compositions, include chemical additives that may leach out of the polymers, and 

can exhibit altered surface chemistry due to environmental weathering, etc.   Although 

polystyrene MPs were observed in placenta samples, as reported in Chapter 4, these are unlike 

the PS microspheres whose toxicity is most widely studied.    Until the toxicity of a broader range 

of microplastics are better understood and/or studies of human health outcomes associated with 
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real world microplastic exposure are available, the potential impacts of MPs to health will remain 

poorly understood.   

Within our observational study, while considerable attention was paid to the development of 

plastic-free protocols and contaminant measurements, the potential for sample contamination 

between the time of delivery and Raman analyses of filtered samples cannot be ignored and was 

discussed in detail in Chapter 4.  It is also important to consider, that using the methods employed,  

particles smaller than 2 micrometers in diameter could not be detected.  The need to harvest 

particles from dissolved tissue samples using a glass fibre filter means that the size of the 

apertures in the filter membrane sets a lower boundary (2.7 µm) to the size of particles that can 

be detected.  There is no reason to believe that particles smaller than this limit are not present in 

tissue given that the nanoplastics are more abundant in the environment than microplastics  10. 

Several lines of evidence suggest that smaller, nanosized particles are more effective than 

microsized particles to be absorbed through the gut and lungs 11–13 and pass through perfused 

human placenta 14,15. Finally, the current study reports particles from a relatively small sample of 

women, examining the tissues from only 1 quadrant of the large and highly heterogenous 

placental organ. It should be noted that more extensive tissue sampling was conducted from each 

of these participants, with plans to continue the measurements and characterization of MPs on 

these samples in the future.   

 

 

Future directions 

The current MSc thesis addresses the current knowledge gap regarding microplastic exposure in 

human placentas within a Canadian context, with detailed attention given to tissue distribution 
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and potential differences in MP profiles according to mode of delivery.  As previously highlighted, 

future work is needed to evaluate potential health impacts for the developing fetus, as some 

evidence in rodent studies suggests MP exposure during pregnancy can have adverse impacts on 

fetal development with long-lasting health effects across the lifespan.  Further work should 

attempt to identify maternal behaviours, lifestyles, diet, or other factors that could be driving 

microplastic exposure. Currently, the mechanism underlying the translocation of microplastics 

into the human body through certain routes of exposure is poorly understood and requires 

further investigation. In addition, toxicity studies – either in vitro or in animal models, should be 

conducted to investigate the developmental impacts of exposure to a wide array of 

environmentally relevant microplastics. The use of manufactured pristine MPs is only scratching 

the surface of the potential health effects.  

 
 

Interdisciplinarity of Thesis Work 

The completion of this thesis was carried out under the collaborative mentorship of an academic 

researcher (S. Bainbridge) with expertise in placental biology and DOHaD and a federal 

government researcher (M. Wade, Environmental Health Sciences and Research Bureau, Health 

Canada) with expertise in reproductive toxicology and its alignment to regulatory policy. Further, 

collaborations with chemists who specialize in MP measurement and characterization and 

obstetrical care teams who can provide important insight into pregnancy, delivery and post-

delivery environmental contaminants were critical for the success of this project. Collectively, this 

interdisciplinary team was able to bring together the required knowledge and expertise to carry 

out important research on a pressing health issue of high relevance to the Canadian population 



 

 

 

98 

– bridging clinical care, biological, environmental and risk policy perspectives. Additionally, the 

two-pronged strategy of this thesis – including a comprehensive review and an observational 

study permitted the collection of data needed to address current gaps in knowledge. It is hoped 

that the insights made in this thesis will pave the way for future beneficial collaborations in this 

domain. 

 

Conclusion 

 
In conclusion, MP and non-plastic foreign particles were identified in all compartments of the 

human placentas collected from a Canadian pregnant sample. It is strongly suspected that these 

particles entered the placenta via maternal circulation before birth. The investigations in the lab 

did not look into whether these particles caused any dangers to the growing fetus or mother. 

However, the presented detailed review of our current state of knowledge certainly indicates 

there is cause of concern, as MPs have been shown to exert adverse direct and indirect effects on 

the feto-placenta unit, in some cases with evidence of long-lasting health effects for the offspring.   
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Appendix 2. Reduced Plastic Protocol from Vaginal and Caesarean delivery. 

 
 

REDUCED PLASTIC PROTOCOL: VAGINAL DELIVERY 

 
Preparation 

1. Plastic background 
a. Procedural blanks and samples of any potential environmental contaminant from 

the time of delivery will be run in parallel to estimate the presence/identity of 
potential micro plastic contamination. 

b. Background examination on plastic material, device and antiseptic that will 
encounter the placenta will be done by washing materials ten times with 
pretreated/filtered water. 

c. Pretreated/filtered water will then be placed on plastic material and poured into 
glass bottles.  

d. Raman Microscope will then be used to observe the presences of microplastic 
contamination in material. 

Delivery  
1. Delivery of the fetus  

a. If forceps delivery is required, metal forceps will be used as instrumentation.  
b. If episiotomy is needed, metal scissors will be used. 
c. If amniotomy is required, a metal amnio hook will be used. 

 
2. Delivery of the placenta  

a. Metal clamps will be used for cord clamping and metal scissors will be used for 
cutting the umbilical cord.  

b. Placenta will be collected and transported in a metal container for further 
examination. Plastic collection bags will not be used.  

 
Post-Delivery 

1. Sample collection  
a. Placenta will be collected within 1 hour of delivery. Under sterile conditions to 

minimize plastic particle contamination placenta will be dissected into basal 
plate, chorionic villi, chorionic plate and chorio-amniotic membrane samples. 

b. Separate samples (30 g) will be collected into glass bottles with glass or metal 
lids. 
 

2. Sample digestion & filtration 
a. Placenta samples will be digested using 30% Hydrogen peroxide. 
a. Digested samples will be filtered through glass microfiber filters (Whatman GF/D 

– 2.7 µm pore size). Filters will then be rinsed with ~ 10ml prefiltered deionized 
water.   
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3. Sample examination  
a. Filters will be dried under plastic and fibre-free conditions and examined using an 

imaging system that couples an Enhanced Dark Field (EDF) optical microscope 
and hyperspectral imaging (HSI) with a confocal Raman imaging system.  

b. The EDF-HSI images will be analysed using Environment for Visualization 
software. LabSpec 6 software suite will be used for the acquisition of Raman 
spectral information and KnowItAll spectral database to identify the specific 
Microplastics type 

 
REDUCED PLASTIC PROTOCOL: CAESAREAN SECTION 

 
Preparation  

1. Plastic background  
a. Procedural blanks and samples of any potential environmental contaminant from 

the time of delivery will be run in parallel to estimate the presence/identity of 
potential micro plastic contamination 

b. Plastic material that will encounter the placenta such as plastic drape, gloves, 
collection bowl and plastic bag will be collected prior. 

c. Background examination of these materials will be done by washing materials 
ten times with pretreated/filtered water. 

d. Pretreated/filtered water will then be placed on plastic material and poured into 
glass bottles.  

e. Raman Microscope will then be used to observe the presences of microplastic 
contamination. 

 
2. Pre-operative preparation 

a. The lower abdomen will be scrubbed with prepping sponges and cleaning 
solution. 

b. A sterile drape with transparent plastic film will be applied to the operative area.  
c. Adequate exposure of the uterus and abdomen will be obtained using sterile 

metal instruments, and/or metal retractors. 
 

Operative Procedure 
1. Delivery of the placenta  

a. A metal cautery tip and/or scalpel will be used to make the incision and metal 
retractors will be used to adequate visualization. 

b. Metal clamps will be used for cord clamping and metal clippers will be used for 
cutting the umbilical cord. 

c. The placenta will be collected in a blue plastic bowl and taken for further 
examination; no plastic collection bags will be used.   

 
Post-Delivery 

2. Sample collection  
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a. Placenta will be collected within 1 hour of delivery. Under sterile conditions to 
minimize plastic particle contamination placenta will be dissected into basal 
plate, chorionic villi, chorionic plate and chorio-amniotic membrane samples. 

b. Separate samples (30 g) will be collected into glass bottles with glass or metal 
lids. 

 
3. Sample digestion & filtration  

a. Placenta samples will be digested using 30 % hydrogen peroxide  
b. Digested samples will be filtered through glass microfiber filters (Whatman GF/D 

– 2.7 µm pore size). Filters will then be rinsed with ~ 10ml prefiltered deionized 
water.   

 
4. Sample examination  

a. Filters will be dried under plastic and fibre-free conditions and examined using an 
imaging system that couples an Enhanced Dark Field (EDF) optical microscope 
and hyperspectral imaging (HSI) with a confocal Raman imaging system.  

b. The EDF-HSI images will be analysed using Environment for Visualization 
software. LabSpec 6 software suite will be used for the acquisition of Raman 
spectral information and KnowItAll spectral database to identify the specific 
Microplastics type 
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Appendix 3. Summary of the different extraction protocols tested and results 
achieved.  

 
1. Filter Membranes 
1.1. Silicon membrane 
One advantage of using silicon membranes is that they do not interfere with the Raman 
signature. However, when 5-10 ml of 10% KOH was filtered through the silicon membranes, 
bubbles appeared during filtration and the membrane became fractioned afterwards. 
Additionally, the silicon membrane fused with the gaskets. As a result, it was determined that 
silicon membranes were not suitable for this particular application. 

 
1.2. Gold-coated polycarbonate membrane 
Polycarbonate membranes coated with gold have the benefit of not interfering with the 
Raman signature. To test their effectiveness, 5-10ml of 10% KOH was filtered successfully 
through these membranes. However, when attempting to filter digest, the total volume was 
unable to pass through due to clogging of the membrane. As a result, it was determined that 
gold coated polycarbonate membranes were not a suitable option. 

 
1.3. Gold plated polyester 
Gold-plated polyester membranes were ineffective in filtering 5-10ml of 10% KOH, rendering 
them unsuitable for use with tissue digest. Gold-plated polyester membranes did not affect 
Raman signature but were unsuitable for filtering 5-10ml of 10% KOH. Tissue digestion was 
not tested due to the inability of fresh 10% KOH to pass through. 

 
1.4. GF/F – Pore size of 0.7um with 4.7cm in diameter  
The grade F glass fiber (GF/F) membranes pose a problem as the glass fibers interfere with 
the Raman signal. These membranes have a pore size of 0.7um and a diameter of 4.7cm, 
which is similar to the membranes used in the Ragusa paper. During testing, around 100g of 
liver digest was filtered through the membrane, and it was discovered that the volume of the 
digest could pass through successfully. However, due to the large size of the filter, the entire 
membrane could not be analyzed under Raman. As a result, this particular membrane was 
deemed unsuitable. 

 
1.5. GF/F – Pore size of 0.7um with 2.5cm in diameter 
As the digest could pass through GF/F (4.7 cm), the same volume was tested with the same 
grade membrane GF/F with a smaller diameter (2.5cm) for better analyzation under Raman. 
GF/F (2.5cm) membranes have the same disadvantage as previous membrane. These 
membranes were tested adopting the same protocol as the previous GF/F (4.7cm) 
membranes, however the digest could not pass all the way through. Therefore, this specific 
membrane was not suitable. 

 
1.6. GF/A – Pore size of 1.6um with 2.5 cm in diameter 
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Glass fiber membrane grade A contain a pore size of 1.6um. These membranes have the same 
disadvantage as previous membrane as the fibers interfere with the Raman signature. In 
particular these filters were utilized by Ragusa et al paper and is appropriate size in diameter 
for Raman analyzation. These membranes were tested using method as the previous GF/F 
(2.5cm) membranes, however the digest could not pass all the way through due to pore size. 
Therefore, these membranes were not utilized.  

 
1.7. GF/D – Pore size 2.7um with 2.5cm in diameter  
Glass fiber membrane grade D contain a pore size of 2.7um. These membranes have the same 
disadvantage as previous glass fiber membranes, the fibers interfere with the Raman 
signature. The advantage grade D glass fibers are the bigger pore size. These membranes were 
tested the same way as the previous GF/F and GF/A membranes. Total volume of digest pass 
through sufficiently with minimal damage to the membrane and no clogging, therefore GF/D 
was chosen for the study.  

 
 

2. Tissue Digest with 10% KOH 
2.1. Liver  
In developing a method, cow liver tissue was chosen as it shares similarities with the placenta 
in terms of containing high levels of blood. Additionally, cow liver was easily obtainable. At 
the initial stage of the method development, the tissue dissolution procedure performed was 
used by Ragusa et al – the first study to report microplastic in human placenta 1. A significant 
amount of liver (~20g) was used along with 100 ml of 10% KOH. However, this method proved 
to be unsuitable as the tissue was not entirely digested and ended up clogging the pore filter 
(0.7um) of the GF/F – 4.7 cm membrane. 
 
After reducing the tissue amount to approximately 5g using 20 times 10% KOH (100 ml) with 

60C incubation and shaking, there was some improvement in the digestion process.  
However, even though the majority of the digest passed through the (0.7um pore size GF/F – 
2.5 cm) membrane, there was still a significant amount of tissue residue that obstructed the 
Raman signal. 
 

An amount of tissue was reduced to 1g using 20 times 10% KOH (~20ml) with 60C incubation 
and shaking. This tissue amount was adopted for further development of the method. The 
digestion process was improved as there was no clogging when it passed through the (0.7um 
pore size GF/F – 2.5 cm) membrane. However, there was no change observed in the residue 
amount, which obstructed the Raman signal for microplastics. 

 
 

3. Minimizing Tissue interference with Raman  
 

3.1. Washes H2O2  
In order to reduce tissue coloration and improve the Raman signal, a 10% H2O2 solution 
was applied after filtering a liver digest with 10% KOH. Although the glass membrane 
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appeared less colored after filtration and rinsing, microspectroscopy revealed that the 
tissue was still present and obstructed the signal, although the coloration was reduced.  
 

 
3.2. Fenton’s reagent  

After digesting the glass membrane with a 10% KOH solution, Fenton's reagent was used 
as a rinse. Fenton's reagent consists of 10ml of 30% and 20ml of 0.05 M Fe (II) and is 
commonly used to eliminate natural organic debris. It's an effective pre-treatment for 
micro-spectroscopy imaging. Unfortunately, it didn't work as expected in this instance, as 
a considerable amount of tissue residue remained on the filter. 
 

3.3. Alcohol 
After digesting with 10% KOH on a glass membrane, a mixture of hexane and 5ml of three 
alcohols (4.50ml ethanol, 0.25ml methanol, 0.25ml isopropanol) was used as an alcohol 
rinse. This method was originally adapted during staining with Nile Red to remove excess 
dye and background staining 16. However, it was later discovered that this method was 
not effective as the Nile Red was staining beyond MPs. 

 
 

4. Identifying the Presence of MPs with Nile Red 
Analyzation through a confocal microscope was used for the detection of Microplastics 
through Nile red staining. 
   

4.1. Nile Red staining on the membrane  
To apply the first Nile Red staining method, the liver digest containing various pristine MPs 
was filtered through a GF/D membrane with 10% KOH. Afterwards, an additional 10% KOH 
was used to wash the membrane and minimize residue. The membrane was then stained 
directly with about 1ml of Nile red. However, this method proved ineffective in reducing 
tissue residue following the KOH wash and staining.  
 
To stain the membrane with Nile red, a second method was used which involved pre-
treatment with 10% H2O2. Post-filtration treatment was then conducted using different 
solvents as mentioned in section 3. These treatments did not decrease tissue residue and 
allowed Nile red to stain beyond MPs. 
 
The experiment tested acetone as a post-filtration treatment and Nile Red staining pre-
treatment. Different volumes, ranging from 10ml to 40ml, were experimented with. 
However, it was observed that the solvent had an adverse impact on microplastic particles 
as it dissolved the polymers, particularly polyethylene17. This method has been previously 
documented in the literature as a pre-treatment for Nile Red staining 18.  

 
 

4.2. Nile Red in digests 
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An experiment was conducted to find microplastics in a tissue digest that contained a 
mixture of newly produced MPs and 10% KOH. Nile red was added as a staining agent to 
identify the particles present in the solution and filter them through a GF/D membrane. 
However, it was later discovered that the Nile red was staining the organic material in the 
liver digest instead of the microplastics. This led to the method being deemed unsuitable 
for the study. 

 
 

5. Tissue Digest with 30% H2O2  
5.1. Liver and Placenta 

In order to remove any remaining tissue residue on a glass membrane, the effectiveness 
of 30% hydrogen peroxide was tested on 1g of cow liver with approximately 200 ml of 
H2O2. This method was acquired through LC Jenner. The liver sample was placed in a glass 
flask along with 100ml of 30% H2O2 and incubated at 55°C for 11 days at 100 rpm. An 
additional 100 ml of 30% H2O2 was added to the mixture after 5 days to aid in digestion. 

 
At filtration, little tissue residue was observed on the membrane did not interfere with the 
Raman signal, however, damage to the membrane was observed due to the high amount 
of H2O2. The overall method was altered to a total of 150ml. The altered method was 
adapted for placenta digest. This method has the capacity to identify and characterize MPs 
as well as non-plastic particles that were not reported by Ragusa et al KOH method.  
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