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LINDSAY CAHILL
Magnetic resonance to study neurodevelopmental 
and pregnancy disorders
Email: lcahill@mun.ca Website: cahilllab.com

MAGNETIC RESONANCE IMAGING

- Study abnormal placental and brain 
development

- Improve understanding of 
pathophysiology

- Develop diagnostic procedures

1H MR SPECTROSCOPY

- Characterize brain and 
placental function

- Evaluate metabolic 
biomarkers of brain and 
placental injury 

Creatine (metabolism) N-acetyl aspartate (neuronal integrity)
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Environmental exposures and human health
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MICRO- AND NANOPLASTICS

- Determine exposure levels in humans

- Establish causality between exposure 
and pregnancy outcomes using mice 

- Are plastics a vector for harmful 
pollutants?

PERFLUOROALKYL SUBSTANCES

- Determine toxicity of novel, unregulated 
PFAS

- Understand why vulnerability to PFAS 
depends on fetal biological sex

Fetal Growth Restriction 

Abnormal Placental Function 

Altered Brain Development 

Cahill Group 
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Plastics: The Good

sciencelearn.org.nz

• Plastics have many favourable properties:
- lightweight
- durable
- inexpensive
- versatile

• Used in every day household products:
- toys
- food packaging
- clothing
- storage containers
- construction materials 
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Plastics: The Bad

• Over 400 Megatons of plastics produced annually 

Landrigan et al. Ann Glob Health 2023, 89:23



8

How much plastic is landfilled 
or left in the environment?

(a) < 10%

(b) 25%

(c) 50% 

(d) > 50%
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Plastics: The Bad

• Over 400 Megatons of plastics produced annually 

Chamas et al. ACS Sustain Chem Eng 2020, 8:3494

Recycled
18%

Incinerated
24%

58%
Landfilled
or left in 

environment

Landrigan et al. Ann Glob Health 2023, 89:23
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Plastics: The Ugly
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Micro- and Nanoplastics

Gillibert et al. Environ Sci Technol 2019, 53:9003
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Routes of Exposure
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Sources of Exposure



14

Microplastics have been found in which 
of the following parts of the human body?

(a) Carotid artery

(b) Lung

(c) Blood

(d) Liver

(e) Kidneys

(f) Colon

(g) Testes 

(h) All of the above
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Micro- and Nanoplastics in Humans

Blood: Leslie et al., 2022; Guan et al., 2023, Brits et al., 2024 

Colon: Ibrahim et al., 2021 

Lung: Amato-Lourenço et al., 2021; Jenner et al., 2022 

Liver: Horvatits et al., 2022 

Testes: Zhao et al., 2023; Hu et al., 2024 

Kidneys: Massardo et al., 2024 

Carotid artery: Marfella et al., 2024
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The Placenta

• requirement for all mammalian pregnancies

• transient vascular organ with two distinct compartments (maternal and fetal)

• primary site of gas and nutrient exchange

• abnormal placental development can lead to:
- maternal hypertension
- preterm birth
- fetal growth restriction
- stillbirth
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Plastics in the Placenta!
(QYLURQPHQW ,QWHUQDWLRQDO ��� ������ ������

$YDLODEOH RQOLQH � 'HFHPEHU ����
����������� ���� 7KH $XWKRUV� 3XEOLVKHG E\ (OVHYLHU /WG� 7KLV LV DQ RSHQ DFFHVV DUWLFOH XQGHU WKH && %<�1&�1' OLFHQVH
�KWWS���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\�QF�QG�������

Plasticenta: First evidence of microplastics in human placenta 

Antonio Ragusa a, Alessandro Svelato a,*, Criselda Santacroce b, Piera Catalano b, 
Valentina Notarstefano c, Oliana Carnevali c, Fabrizio Papa b, Mauro Ciro Antonio Rongioletti b, 
Federico Baiocco a, Simonetta Draghi a, Elisabetta D’Amore a, Denise Rinaldo d, Maria Matta e, 
Elisabetta Giorgini c 

a Department of Obstetrics and Gynecology, San Giovanni Calibita Fatebenefratelli Hospital, Isola Tiberina, Via di Ponte Q!attro Capi, "#, $$%&' (ome, Italy 
b Department of Pat)ological *natomy, San Giovanni Calibita Fatebenefratelli Hospital, Isola Tiberina, Via di Ponte Q!attro Capi, "#, $$%&' (oma, Italy 
c Department of +ife and ,nvironmental Sciences, -niversità Politecnica delle .arc)e, via /recce /ianc)e, '$%"% *ncona, Italy 
d Department of Obstetrics and Gynecology, *SST /ergamo ,st, /olognini Hospital, Seriate, Via Paderno, 0%, 01$'& /ergamo, Italy 
e Harvey .edical and S!rgery Co!rse, -niversity of Pavia, Corso Strada 2!ova '3, 04%$$ Pavia, Italy   

A R T I C L E  I N F O   

Handling Editor: Adrian Covaci  

5ey6ords7 
Human placenta 
Microplastics 
Raman microspectroscopy 

A B S T R A C T   

Microplastics are particles smaller than five millimeters deriving from the degradation of plastic objects present 
in the environment. Microplastics can move from the environment to living organisms, including mammals. In 
this study, six human placentas, collected from consenting women with physiological pregnancies, were analyzed 
by Raman Microspectroscopy to evaluate the presence of microplastics. In total, 12 microplastic fragments 
(ranging from 5 to 10 μm in size), with spheric or irregular shape were found in 4 placentas (5 in the fetal side, 4 
in the maternal side and 3 in the chorioamniotic membranes); all microplastics particles were characterized in 
terms of morphology and chemical composition. All of them were pigmented; three were identified as stained 
polypropylene a thermoplastic polymer, while for the other nine it was possible to identify only the pigments, 
which were all used for man-made coatings, paints, adhesives, plasters, finger paints, polymers and cosmetics 
and personal care products.   

1. Introd	
t�on�

In the last century, the global production of plastics has reached 320 
million tons (Mt) per year, and over 40% is used as single-use packaging, 
hence producing plastic waste. In Europe, plastic production reached the 
58 millions of tons in 2014 (PlasticsEurope, 2016). The degradation that 
plastics undergo when released into the environment is a serious issue. 
Atmospheric agents, such as waves, abrasion, ultraviolet radiation and 
photo-oxidation in combination with bacteria degrade plastic fragments 
into micro and nanosized particles. Most of the seabed all over the world 
and in the Mediterranean Sea in particular, is made of plastic, resulting 
from the waste collected on the coasts and in the sea (de Souza Machado 
et al., 2018). Microplastics (MPs) are defined as particles less than 5 mm 
in size (Hartmann et al., 2019). MPs do not derive only from larger 
pieces fragmentation but are also produced in these dimensions for 
commercial uses. Furthermore, there are several reports of MPs in food 
(Barboza et al., 2018), and in particular in seafood, sea salt (Karami 
et al., 201Ab; Kosuth et al., 2018), and in drinking water (Schymanski 

et al., 2018). Microplastics have also been detected in the gastrointes-
tinal tract of marine animals (Deng et al., 201A; Reineke et al., 2013), 
and also human intestine (Schwabl et al., 2019). Inside tissues, MPs are 
considered as foreign bodies by the host organism and, as such, trigger 
local immunoreactions. Furthermore, MPs can act as carriers for other 
chemicals, such as environmental pollutants and plastic additives, 
which may be released and are known for their harmful effects (EFSA 
Panel on Contaminants in the Food Chain (CONTAM), 2016; Bright and 
Kelly, 201A). 

In this study, for the first time, several microplastic fragments were 
detected by Raman Microspectroscopy in human placenta samples 
collected from six consenting patients with uneventful pregnancies. 
Raman Microspectroscopy is a well-assessed vibrational techniCue, 
widely and successfully applied in the biomedical field, to characterize 
both biological samples (Notarstefano et al., 2020, 2019), and to detect 
the occurrence of microplastics and microparticles in general (Käppler 
et al., 2016; Ribeiro-Claro et al., 201A). Placenta finely regulates foetal 
to maternal environment and, indirectly, to the external one, acting as a 

* Corresponding author. 
,8mail address7 alessandrosvelatoDvirgilio.it (A. Svelato).  
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��rtic�� �! 3Fig. 2g6: the Raman spectrum resulted superimposable 
to the one of the pigment Direct Blue =5, sho0ing t0o main pea<s at 4A= 
cm−1 and 12A4 cm−1 3both assigned to ring deformations of substituted 
benzene6 3Socrates, 25516. 

��rtic�� �" 3Fig. 2h6: the Raman spectrum resulted superimposable 

to the one of the pigment Fltramarine Blue, 0ith one main pea< centred 
at 424 cm−1, assigne to orthosilicate vibration modes 3Socrates, 25516. 

��rtic�� �11 3Fig. 2i6: the Raman spectrum resulted comparable to 
the one of a PP purple ,ber, sharing the main pea<s of PP 3Andreassen, 
1???6 38?A cm−1, assigned to the 0agging of C*2 moietiesEbending of 

�i�. 2. Microphotographs and Raman spectra of the microplastics found in human placenta: 3a6 Particle J1 3scale bar 4 μm69 3b6 Particles J2 and J15 3scale bar 4 μm 
for J2 and 15 μm for J1569 3c6 Particle J8 3scale bar 4 μm69 3d6 Particle J7 3scale bar 4 μm69 3e6 Particle J4 3scale bar 4 μm69 3f6 Particles J> and JA 3scale bar 15 μm 
for J> and 4 μm for JA69 3g6 Particle J= 3scale bar 15 μm69 3h6 Particle J? 3scale bar 15 μm69 3i6 Particle J11 3scale bar 4 μm6, and 3l6 Particle J12 3scale bar 15 μm6. 

*9 (agusa et al9                                                                                                                                                                                                                                 

- healthy pregnancies
- 5-10 micron polypropylene 
- detected using Raman microspectroscopy
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Plastics and Pregnancy
Placenta
Ragusa et al. Int J Environ Res Public Health 2022,
19:11593.
Amereh et al. Environ Pollut 2022, 314:121074.
Zhu et al. Sci Total Environ 2023, 856:159060.
…

Meconium
Zhang et al. Environ Sci Technol 2021, 8:989.
Liu et al. Environ Sci Technol 2022, In press.
Braun et al. Pharmaceutics 2022, 13:921. 

Breastmilk
Ragusa et al. Polymers 2022, 14:2700.
Liu et al. Sci Total Environ 2023, 13:158699.
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(QYLURQPHQW ,QWHUQDWLRQDO ��� ������ ������

�

microplastics ;Munno et al7, :>:><7 

.�4 � �to�ic force �icrosco�e 5�'�6 �easure�ents an� Ra�an 
s�ectrosco�� 

M! captured within the glass 8ber 8lters was carefull" isolated from 
the 8lter mesh for (FM anal"sis7 2ndi$idual images and measurements 
were obtained using an (tomic Force Microscope ;(FM Multi$iew 
?>>>™, 4anonics, 2srael< coupled with an optical microscope ;*l"mpus, 
Japan< and an /ploR( spectrometer ;Horiba, Japan<7 For the Raman 
spectra ac0uisition, a 9@: nm laser was focused on the center of each 
microplastic particle through a × 9> ob6ecti$e ;4( = >7I<7 This com-
bination permitted lateral positioning of the (FM tip o$er the M!s with 
micrometer-scale precision, allowing the ac0uisition of optical imaging, 
topographic anal"sis, and diagnostic Raman spectroscop"7 

(ll M! were imaged ;:9F × :9F pi,els< in the tapping mode at a line 
scan rate of >7: H), using a scanning tip with a t"pical radius of cur-
$ature < 1> nm and a nominal fre0uenc" of @9 &H)7 The (FM s"stem 
was acousticall" isolated to reduce interference b" ambient noise during 
the measurements, and the instrument was secured on an acti$e 
damping table to suppress mechanical noise7 The same ob6ecti$e was 
used for collecting Raman scattered light after interaction with the 
sample, in bac&scattering geometr"7 The fre0uenc" calibration was set 
b" reference to the 9:> cm−1 $ibrational band of a silicon wafer7 .nder 
the same conditions, the M!s were measured in the spectral range of 
1:>–?1>> cm−17 To minimi)e laser-induced damage to the M!s, low- 
power irradiation at the sample surface was used ;9 mW, short e,po-
sure time, @ s laser e,posure for 19 accumulations<7 The diffraction 
grating of F>> lines per mm "ielded a spectral resolution of @ cm−17 

(s described abo$e, we used the spectral librar" of the #now2t(ll 
software ;Wile" %cience %olutions, Hobo&en, 4J, .%( and the free 
%L*!!E%L*!!e libraries of &nown microplastics to characteri)e each 
particle anal")ed7 M! si)e measurements were de8ned b" the largest 
dimension, i7e7, length, and assessed b" 2mage J software anal"sis 
;Munno et al7, :>:><7 

.�7� �tatistica� ana��sis 

-ata anal"sis was performed b" using the statistical software pac&-
age !rism9 ;'raphpad %oftware, 2nc7, %an -iego, 3(, .%(<7 To deter-
mine the normal distribution of all data, a #olmogoro$-%mirno$ test was 
performed7 *ne-wa" anal"sis of $ariance ;(4*K(< using the #rus&al- 
Wallis test with -unns post-hoc test was performed as appropriate7 
The signi8cance threshold was set at p < >7>97 

.�8� �ata a ai�a%i�it� �tate�ent 

The authors declare that all the data supporting the 8ndings of this 
stud" are a$ailable within the paper and its supplementar" information 
8les7 (dditional data can be re0uested from the corresponding author7 

�. Re�ult� 

0�/� �etection of �icro��astic accu�u�ation an� �artic�e si(e o er ti�e 

M! particles were found in F out of 1> placentas ;F>A< in :>>F, = out 
of 1> placentas ;=>A< in :>1@, and 1> out of 1> placentas ;1>>A< in 
:>:1 ;Fig7 1<7 

Lualit" controls were performed using en$ironmental blan&s ;air- 
e,posed crude 8lters< and procedural blan&s ;!B% and #*H e,posed 
8lters, respecti$el"< as described abo$e ;%upplementar" Figs7 1 and :<7 
We did not detect an" M! contamination in the procedural blan&s, 
whereas some of the en$ironmental blan&s contained rare pieces of M! 
8bers on the surface of the 8lter7 3onse0uentl", we disregarded surface 
particles in the 8nal e,amination, and onl" anal")ed particles within the 
glass 8lter itself which rendered normali)ation of the blan&s redundant7 

The a$erage M! si)e from :>>F samples was :7G: ± >7@1 μm and rep-
resented the smallest of all the "ears with a range of 1 to G μm ;p < >7>9<7 
We also noted a statistical signi8cance when comparing :>1@ samples 
;a$erage of F7:? ± >79I μm, range of 1 to 1I μm< with :>:1 samples 
;a$erage 971? ± >7I9 μm, range 1 to ?? μmB p < >7>>>1<7 Filters from 
:>>F contained an a$erage of ?71 ± 17@ M! particles per 9> g of 
placental tissue, 8lters from :>1@ had I71 ± >7= M!s per sample, and 
8lters from :>:1 held 1979 ± @7> M!s per sampling area7 The increase in 
the number of M!s per 9> g of placenta tissue from :>:1 reached sta-
tistical signi8cance in comparison to :>>F samples ;p < >7>>1<, and 
:>1@ samples ;p < >7>9< ;Fig7 :<7 2n summar", the number of M! par-
ticles per placenta and the particle si)e increased signi8cantl" o$er the 
"ears e,amined7 

0�.� )haracteri(ation of �icro��astic �o���er co��osition %� Ra�an 
s�ectrosco�� 

.sing robust Raman %pectroscop" anal"sis techni0ues, M! particles 
were classi8ed according to their chemical composition and subse-
0uentl" identi8ed using reference spectral libraries7 *f the 1?: M! 
particles anal")ed, :: particles were from :>>F, @G particles from :>1@, 
and G: particles from :>:17 We were unable to assign the composition of 
:> particles within the spectral libraries ;#now2t(llB free %L*!!E 
%L*!!e<7 We were able to identif" all pol"mers isolated from the :>>F 
HBRB samples where the most abundant were pol"prop"lene ;!!, 
::7I@A< and pol"ester ;!+%, ::7I@A<, followed b" pol"$in"l chloride 
;!K3, 1G71GA<, pol"urethane ;!., 1@7F?A<, pol"eth"lene $in"l acetate 
;!K(, =7>=A<, pol"eth"lene terephthalate ;!+T, ?79?A<, pol"eth"lene 
;!+, ?79?A<, and pol"amide ;!(, ?79?A<7 For :>1@, F out of @G particles 
;197I=A< could not be identi8ed7 Here, the most common pol"mers 
included !! ;197I=A<, followed b" !+T, !K(, and !+% ;1>79@A each<, 
acr"lonitrile butadiene st"rene ;(B%, I7G=A<, !+ ;97:FA<, !. ;97:FA<, 
pol"carbonate ;!3, 97:FA<, !( ;97:FA<, !K3 ;:7F@A<, pol"$in"l alcohol 
;:7F@A< and pol"acr"lonitrile ;!(4, :7F@A<7 The largest number of 
unidenti8able pol"mers, 1? out of G: ;1I7>IA<, were obser$ed in the 
samples collected in :>:17 (s for the :>1@ samples, the most common 
pol"mers were !+% ;1@7?1A<, !+T ;1:71=A<, !K( ;1:71=A<, and !! 
;1>7=IA<, followed b" !+ ;G79?A<, !K3 ;F71A<, !. ;?7GGA<, !3 
;?7GGA<, pol"st"rene ;!%, :7??A<, and !(, (B%, !(4, pol"eth"lene 
adipate, pol"meth"l methacr"late, and pol"isoprene ;17::A each<7 (ll 
the identi8ed M! particles were of a similar si)e range ;Fig7 @< and 
colors7 

Most of the M!s were transparent, followed b" white, blue, red, or-
ange, and green, while the most common shape was irregular or 
spherical7 4o plastic 8bers or 8lms were identi8ed7 2n addition to the M! 

�i�. 1.  em!oral increa�e in t�e "re#uenc$ %&' o" !lacenta� containin� 
micro!la�tic� %M(' )$ $ear o" )irt� in *a+ai’i5 Microplastics were detected 
in F>A of placental samples from :>>F, in =>A of :>1@ samples, and in 1>>A 
of :>:1 samples7 

R�B� 3eingri�� et a��                                                                                                                                                                                                                            

(QYLURQPHQW ,QWHUQDWLRQDO ��� ������ ������

�

polymers, we were also able to identify :@ chemical additi$es &nown to 
be used for MPs production ;%upplementary Table 1<7 %ome of these 
additi$es were related to plastici)ers, such as dioctyl phthalate ;-*P< 
with bands at 1>?>, :GIF, and :=@: cm−1 in se$eral samples and 
bisphenol ( ;BP(< with bands at 1??1, 1?F?, and 1F19 cm−17 2ndi$idual 
spectra utili)ed for the characteri)ation of the e,tracted MPs and addi-
ti$es by Raman spectroscopy and (FM analysis are listed in %upple-
mentary Table 1 and %upplementary Fig7 @7 Randomly selected MP 
particles were sub6ected to (FM imaging and e,hibited $ariable heights 
;179 to 97G μm< with an une$en surface architecture7 The surface 
topography of the MPs was highly rugous which was suggesti$e of 
$isible degradation into e$en smaller particles ;Fig7 ?<7 (dditionally, all 
analy)ed MPs had three prominent pea&s commonly mas&ing other 
pea&s, with $ariations around ??>, F19, and =I? cm−17 The 8rst two 
pea&s are li&ely related to Ti*:, one of the most commonly used 

pigments, while the latter pea& has been attributed to the deformation of 
3H@ groups and the stretching of 3–3 bonds which reMect &nown 
conformational changes in plastic materials ;Lee et al7, :>19B Mali-
no$s&is, :>1=B 4a$a et al7, :>:1<7 

,. -i�cu��ion 

*ur results demonstrate an alarming increase, not only in the num-
ber of placentas that contain MP particles but also in the number of MP 
per cotyledon of placental tissue o$er the course of a 19-year period 
from a single institution in the Paci8c 2slands7 This increase parallels the 
increase in global plastic production, consumption, and pollution ;'eyer 
et al7, :>1I<7 *ur 8ndings also indicate changes in the si)e and chemical 
polymer composition of the MPs o$er time, with some compounds 
increasing o$er time while other materials appear to be decreasing o$er 

�i�. �. .��r�ct�ri�tic� o" M( �ccu�u��t�d in !��c�nt�� "ro� +o��n in *�+�i/i0 ;A< Ma,imum length ;µm< of MP particle7 ;B< 4umber of MP particles in each of 
the 9> g of placenta samples ;calculated by using the number of MPs within the analy)ed 8lter area multiplied by the ratio of total 8ltration area of the glass 8lter 
;diameter @1 mm, area I9?7G mm:< and 8lter area analy)ed ;?>> mm:<7 ;1 p < >7>9, 11 p < >7>>1, 111 p < >7>>>1, *ne-way (4*K(<7 

�i�. �. Id�nti1c�tion o" �2tr�ct�d M( )$ R���n �!�ctro�co!$ �n��$�i�0 ;A< Polymer name and respecti$e si)eB Polyethylene terephthalate ;(3 <, polyethylene 
$inyl acetate ;(4A<, polyester ;(35<, polyethylene ;(3<, poly$inyl chloride ;(4.<, polypropylene ;((<, polyurethane ;(U<, polycarbonate ;(.<, polyamide ;(A< and 
acrylonitrile butadiene styrene ;AB5<7 ;B< (rrowhead indicates a PK( red-colored MP particle trapped in glass 8ber 8lter $isuali)ed under light microscopy ;1>> ×
ob6ecti$e ;*lympus PlanFL 4 1>>,E>7=9<7 ;.< Luanti8cation of the types of MP polymers isolated by year7 

��B� 3eingri�� et ���                                                                                                                                                                                                                            

Weingrill et al. Environ Int 2023,180:108220

Is human exposure to 
microplastics increasing?
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Knowledge Gaps
1. What concentration of sub-micrometer plastics are humans exposed to? 

2.      What are the impacts of micro-/nanoplastics exposure to human health?

Metabolomics

Physiology Exposure
Monitoring

Exposomics
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Plastics in Indoor Environment and Human Tissue
• Pyrolysis gas chromatography x cyclic ion mobility mass spectrometry (Pyr-GCxcIMS-MS)   

- allows for quantitative analysis
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Weeks gestation

12 16 20 24 28 32 36 Delivery

Recruitment 
and Consent

Blood
Sample

Placenta
Collection

Air and 
Water 

Sampling

St John’s, Newfoundland and Labrador

Toronto, Ontario
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Plastics in the Indoor Environment

• Between 9-65% of indoor particulate matter consists of plastic
• Most of the plastic detected is polystyrene (less dense!)
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5 g/week 4.1 µg/week

One million 
times less!

Senathirajah et al. J Hazard Mater 
2021, 404:124004

Mohamed Nor et al. Environ Sci Tech 
2021, 55:5084
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Based on our estimates (160 µg/day), 
it would take 85 years to inhale a 
credit card worth of plastic (~5 g) 



Plastics in Placental Tissue

Garcia et al. Toxicol Sci 2024, 199:81Vacuum filtration is done in an ISO Class 6 clean room

Digestion w/ 
10% KOH 

Tissue: 48h
Blood: 24h

Suction Filtration 
using GF/F filters

diameter = 10 mm
pore size = 700 nm

Filter paper 
retrieval

Sample 
loading into 

pyrolysis tube

Analysis via 
Py-GCxcIMS

• 46 pregnant people recruited from St John’s, 
Newfoundland, Canada. 

• All placentas collected were brought out 
directly from the OR in sterile metal dishes.

• 4 biopsy punches from four corners of 

placenta collected (~1 g).

• 1 vial of blood scooped from inside the 

placenta (~1 mL).

• Placenta samples are then stored in glass 

scintillation vials at -80℃.

• Blood samples are stored in glass heparinized 
vacutainer at -20℃.



Large differences between studies

12 microplastic fragments in 4 of 6 placentas

Quantitative analysis: concentrations range from 6.5 to 685 µg/g ! (mean = 127 µg/g)  
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Knowledge Gaps
1. What concentration of sub-micrometer plastics are humans exposed to? 

2.      What are the impacts of micro-/nanoplastics exposure to human health?

Metabolomics

Physiology Exposure
Monitoring

Exposomics
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Animal Research in Pregnancy
• The benefits of mice include:

- the placenta in both mice and humans have a similar vascular and cellular structure
- efficient for research (low cost, rapid gestation, large litter sizes, reproducible pathology)
- used to establish causal relationships between exposure and early life development

10 mm 1 mm 

Mouse and human fetoplacental  
vascular trees 

Mouse placenta Human placental cotyledon 
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Biomedical Imaging in Mice

• imaging technologies used to study animals are the same as those used clinically

• possible to study the same animal in real time throughout its life

• full animal coverage and rich quantitative data sets
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Study Design
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Maternal Exposure Causes 
Fetal Growth Restriction

Aghaei et al. Environ Sci Technol Lett 2022, 9:426
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Biological Sex Differences in Growth

Dibbon et al. Biol Reprod 2024, 110:209

• Female fetuses may slow growth in response to plastics exposure, maintaining a healthy 
balance of nutrient transfer from the placenta and growth

• Male fetuses have a less effective nutrient transfer capacity but maintain similar growth to 
controls which may be harmful
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Maternal Exposure Causes Placental Dysfunction 

Dibbon et al. Biol Reprod 2024, 110:209.
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Developmental toxicity depends on polymer type

Hanrahan et al. Sci Rep 2024, 14:399

*p<0.05, **p<0.01, ***p<0.0001, n=11-14 dams/group
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Is the fetal growth restriction associated with micro-/nanoplastics exposure partially the 
result of alterations in placental metabolism?

What is the impact on fetal brain metabolism? 
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Placental Metabolism
• fetuses depend on appropriate metabolic responses of the placenta to reach their growth 

potential
• “application of metabolomics in pregnancy research is an embryonic science"

Mohammad et al. Tissue Cell 2021, 73:101663

Metabolomics
in Pregnancy

PredictionScreening

MechanismDiagnosis

Etiology
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Magic Angle Spinning 
Magnetic Resonance Spectroscopy

• freezing in liquid N2 for rapid inactivation of enzymes

• intact, unprocessed tissue samples:
- avoid extraction procedures
- minimize impact of solvent effects 
- better represent molecular integrity of in vivo

Weybright et al. Magn Reson Med 1998, 39:337.
Davila et al. Magma 2012, 25:401.
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1H HRMAS MRS of the Mouse Placenta

MAS = 4 kHz
Temp = 310 K
n = 32 scans Schneider et al. Metabolomics 2022, 18:10
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Effect of plastics exposure on 
placental metabolomics

n = 28-44 placentas/group Aghaei et al. Metabolomics 2023, 19:1



Fetal Brain Metabolites

Essential neurotransmitter 
for brain maturation

Important for production 
of ATP

Main source of energy for 
brain function

*p<0.05, n = 18-21 brains/group/sex Mercer et al. Metabolomics 2023, 19:96
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Study Design

n = 10 dams/group
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Impact of nanoplastics exposure on 
postnatal development

*p<0.05
n =10 litters/group



Impact of nanoplastics exposure on neuroanatomy
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• Region-specific effects on brain 
structure:

- Olfactory bulb 
- Motor cortex
- Hippocampus
- Hypothalamus
- Medulla
- Striatum

10% FDR, n = 11 brains/group/sex

Harvey et al. Environ Sci: Adv 2023, 2:622



Impact of nanoplastics exposure on neuroanatomy
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n = 11 brains/group/sex
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Summary

www.ciel.org/plasticsandclimate
Center for International Environmental Law

1. Humans: Micro-/nanoplastics are in the human placenta
with a large variation in concentration 

2.      Mice: Maternal exposure to micro-/nanoplastics
significantly impacts early life development    
(growth restriction, abnormal placental metabolism,
abnormal brain development)

3. Mice: Developmental toxicity depends on plastic type 
and size 

4.      Critical to better characterize exposure levels in healthy
and complicated pregnancies 
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Gros Morne National Park, Newfoundland

Questions?
Gros Morne National Park, Newfoundland

Join the Cahill
Research Group!

@pollutantsplasticsplacentas


	page1-5
	page6-10
	page11-20
	page21-30
	page31-40
	page41-48



