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Lutte contre les microplastiques : un objectif de santé publique
pour les médecins généralistes ?

Santé publigue vorume 31/ N°6 - novembre-décembre 2019

La contamination de I’environnement par les microplas-
tiques est un sujet émergeant qui prendra de I'ampleur
compte tenu de la consommation cosmopolite des plas-
tiques et d’'une production mondiale toujours en hausse. Il
est évident qu'une action efficace ne saurait s’envisager
sans des mesures fortes provenant des décideurs politiques
et des industriels. Cependant, les acteurs de santé sont de
plus en plus sollicités pour défendre les causes environne-
mentales, et les autorités de santé nationales pourraient
étre bien inspirées de compter sur les médecins généra-
listes pour mener des actions sur le sujet. Ils sont des
acteurs de terrain, competents et audibles sur des sujets
touchantalasanté publique communautaire. Leur évolution
d'exercice (pluridisciplinarité, coopération, recommanda-
tions) tend vers une meilleure organisation structurelle et
pourrait mener a des actions de prévention individuelle
et collective efficaces, validées et évaluables sur ’ensemble
du territoire.




Public attitudes towards microplastics: Perceptions, behaviors and policy
implications Resources, Conservation & Recycling 163 (2020) 105096
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Fig. 5. Respondents' perception of microplastics' impact on human health. C?f
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Fig. 3. Respondents' ways to know about microplastics.
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CONSIDERAZIONI PRELIMINARI
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Figure 4: Scientific publications (including articles, reviews and conference proceedings) on
the topic of microplastics generally (red bars) and microplastics in food (blue bars) have been
increasing since 2011 (Scopus only).

JRC. personal communication and applying their Europe Media Monitor (EMM) and the Tool
for Innovation Monitoring (TIM). For more. see also the graphs and report in Annex 6 from the
literature search performed to support this project for an analysis of the number and type of
scientific publications on NMPs found using a wider set of databases.
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CONSIDERAZIONI PRELIMINARI

Water Research 170 (2020) 115358
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Research landscape of a global environmental challenge: Microplastics

Doris Klingelhofer', Markus Braun, David Quarcoo, Dorthe Briiggmann,
David A. Groneberg
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Fig. 3. Cluster analysis of keyword (threshold > 100 indications of keywords, > 100 combinations for combining lines). (green) environmental pollution via accumulation and
transport of plastic debris. (red) toxicity of microplastics for marine systems. (blue) quantification and identification. (For interpretation of the references to colour in this figure legend,
the reader is refered to the Web version of this article.)
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(Nano)plastics in the environment - Sources, fates and effects

Jodo Pinto da Costa *, Patricia 5.M. Santos, Armando C Duarte, Teresa Rocha-Santos

Science of the Total Environment 566-567 (2016) 15-26
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Fig 1.A size-based definition of plastics as proposed by differe nt authors { Rocha-Santos and Duarte 2015, Hartmann et al, 2015, Browneetal 2007, Ryan etal 2009, EUCommision 2011,
Classsens et al. 2013, Desforges ef al. 2014 ),



Research landscape of a global environmental challenge: Microplastics Water Research 170 (2020) 115358
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Characterisation, quantity and sorptive properties of microplastics

extracted from cosmetics

Marine Pollution Bulletin 99 (2015) 178-185

Imogen E. Napper **, Adil Bakir*°, Steven J. Rowland °, Richard C. Thompson?
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Fig. 1. Total mass of plastic microbeads extracted from six facial scrubs (A-F) per
100 mL. Diamond symbol indicates X (n = 4). The tails show both the maximum and
minimum mass obtained, and the box represents the upper and lower quartiles.
There were significant differences between the amount of microplastic in each of
the products (p <0.05).




Potential Health Impact of Environmentally Released Micro- and
Nanoplastics in the Human Food Production Chain: Experiences from
Nanotoxicology

Hans Bouwmeester,* Peter C. H. Hollman, and Ruud ]J. B. Peters

Figure 2. Polyethylene microplastics in aThe
plastic particles have a shape that suggest they are produced by grinding
larger particles. The small black dots are pores of the filter that was used
to collect the samples, the scale bar is 20 pm.

DOI: 10.1021/acs.est.5b01090
Environ. Sci. Technol. 2015, 49, 8932-8947
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Microplastics in cosmetics: Environmental issues and needs for global bans
C. Guerranti®*, T. Martellini®", G. Perra“, C. Scopetani”, A. Cincinelli*"
Environmental Toxicology and Pharmacology 68 (2019) 75-79

Fig. 1. a) pBs contained in a hair shampoo (polyethylene, as from INCI ingredients list); b—c) uBs extracted from cosmetic products; d) example of a listed pB’s
ingredient in a cosmetic product.
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Combined Effects of UV Exposure Duration and Mechanical Abrasion
on Microplastic Fragmentation by Polymer Type

Young Kyoung Song,”* Sang Hee Hong,"* Mi Jang,"* Gi Myung Han,” Seung Won _lung,'.'i
and Won Joon Shim* ™
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DOI: 10.1021/acs.est.6b06155
Environ. Sci Technol. 2017, 51, 4368-4376



—@—| Raw matsrial axtraction |
An overview of chemical additives present in plastics: Migration,
release, fate and environmental impact during their use, disposaland PRODUCTION PHASE

" T2 Metabs, cudeol,
John N. Hahladakis**, Costas A. Velis**, Roland Weber®, Eleni lacovidou*, Phil Pumell*
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Fig. 1. The life cycle of plastic products (excluding energy input and emissions) created in STAN (subSTance flow ANalysis) Software (redrawn from Source: [8]. “F" stands
for Flow and the number shown next to corresponds to the particular flow series (an automatic procedure incorporated in STAN)).



Environmental occurrences, fate, and impacts of microplastics
Panfeng Wu™™', Jinsheng Huang”', Yuling Zheng”, Yicheng Yang”, Yue Zhang”, Feng He",

Hao Chen?, Guixiang Quane'b, Jinlong Yan®, Tiantian Lif, Bin Gao™"
Ecotoxicology and Environmental Safety 184 (2019) 109612
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Fig. 2. Categories and sources of MPs in the environment.
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Environmental occurrences, fate, and impacts of microplastics

Panfeng Wu™™', Jinsheng Huang”', Yuling Zheng”, Yicheng Yang”, Yue Zhang”, Feng He",
Hao Chen’, Guixiang Quan®®, Jinlong Yan®, Tiantian Li’, Bin Gao™"
Ecotoxicology and Environmental Safety 184 (2019) 109612
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Fig. 3. Sources, transport, accumulations, and fate of MPs in the environment.



White and wonderful? Microplastics prevail in snow
from the Alps to the Arctic

Melanie Bergmann'*!, Sophia Miitzel'*, Sebastian Primpke', Mine B. Tekman',
Jiirg Trachsel?, Gunnar Gerdts'

Sci. Adv. 2019; 5 :eaax1157 14 August 2019
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i {OME Fig. 1. Map of sampling locations for snow. (A) Sampling sites in the Arctic (ICE, ice floes; SV, Svalbard) and (B) in Europe (HL Heligoland; BR, Bremen; BV, Bavaria; TSCH,
R ;g?:,? b Tschuggen; DV, Davos). (C) Overview of all locations. Size of circles reflects MP particle quantities at log scale.



Microplastics in the environment: A critical review of current
understanding and identification of future research needs™

Environmental Pollution 254 (2019) 113011

Zeynep Akdogan, Basak Guven”
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Fig. 2. Microplastic related research in Web of Science database (retrieved on 15/11/ @%O

2018). (a) Distribution in environmental systems (b) number of publications by year.
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Microplastics as an emerging threat to terrestrial ecosystems

Anderson Abel de Souza Machado®?3, | Werner Kloas®? | Christiane Zarfl® |
Stefan Hempel’® | Matthias C. Rillig?*

Glob Change Biol. 2018;24:1405-1416.
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Soil physico-chemistry Terrestrial food webs Growth reduction Lethal toxicity General cytotoxicity

FIGURE 2 : Microplastics as trigger of combined physical or chemical-like effects. Soil bicgeochemistry related to agricultural mulching
[Steinmetz et al, 2014), ingestion by terrestrial and continental birds (Gil-Delgado et al., 2017; Holland et al, 2016; Zhao et al., 2014},
reduction in growth of earthworms {(Lwanga et al, 2016), lethal toxicity to fungi Miyazaki et al, 2014, 2015 Momura et al., 2016), mammal r .m
lung inflammation (Hamoir et al, 2003: Oberdorster, 2000 Schmid & Stoeper, 2016} and broad cytotoxicity (Forte et al., 2016; Kato et al., @ >
2003) of nanoplastics [Colour figure can be viewed at wileyonlinelibrary.com] 7



Current research trends on plastic pollution and ecological impacts on
the soil ecosystem: A review™

Yooeun Chae, Youn-Joo An’

Environmental Pollution 240 (2018) 387—395
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Fig. 2. Studies on the effect and impact of microplastics on soil organisms (Eisenia
andrei, Eisenia fetida, Lumbricus terrestris, Folsomia candida, Proisotoma minuta, Gallus
gallus domesticus, Porcellio scaber, and Hypoaspis aculeifer).



Earthworms’ place on Earth

A new study provides a global view of earthworm ecology

Earthworm ecology

Shown are three main ecological categories of earthworms and examples of resident
earthworm species. Not all species fall neatly into these categories, as some earthworms can
vary their burrowing and feeding preferences depending on life stage and soil conditions.
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Microplastics in the environment: A critical review of current
understanding and identification of future research needs™

Environmental Pollution 254 (2019) 113011
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Fig. 2. Microplastic related research in Web of Science database (retrieved on 15/11/
2018). (a) Distribution in environmental systems (b) number of publications by year.




Atmospheric microplastic deposition in an urban environment and an
ev al uation o f trans po rt Environment International, https://doi.org/10.1016/j.envint.2019.105411

S.L. Wright™”"*, J. Ulke™"?, A. Font™", K.L.A. Chan®, F.J. Kelly™"
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Fig. 2. The profile of fibres and microplastics in total atmospheric deposition. (A) the size distribution of fibrous particle diameters (um) based on 10% of fibres
randomly intercepted on each sample filter; (B) the size distribution of fibrous particle lengths (um) based on 10% of fibres randomly intercepted on each sample
filter; (C) the size distribution of non-fibrous microplastic maximum dimensions (um); (D) the proportional distribution of fibre materials; and (E) the proportional
distribution of non-fibrous microplastic morphologies. NI = non-identifiable; R. Cellulose = regenerated cellulose.




Atmospheric microplastic deposition in an urban environment and an
evaluation of transport Environment International, https://doi.org/10.1016/j.envint.2019.105411

S.L. Wright®>!*| J. Ulke™"?, A. Font™®, K.L.A. Chan®, F.J. Kelly™"

Fig. 3. The composition of microplastics in total at-

a
mospheric deposition. (A) The proportional distribu-
tion of the identified petro-chemical-based fibrous
PAN microplastics; (B) the proportional distribution of the
PES identified petro-chemical-based non-fibrous micro-
o Acrylic plastics. PAN = polyacrylonitrile; PES = polyester,
[ PA Oth PA = polyamide;, PP =  polypropylene;
. Other . PET . ol PVC = Dpolyvinylchloride; PE = polyethylene;
. PS PET = polyethylene terephthalate; PS = polystyrene;

PUR = polyurethane; Pol. Petr. Res = polymerised
petroleum resin.




Microplastics generated when S————
opening plastic packaging

ZahraSobhani(3?, Yongjia Lei'?, Youhong Tang(®?, Liwei Wu**, Xian Zhang®, Ravi Naidu®®,
Mallavarapu Megharaj’*® & Cheng Fang™®"’
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Figure 2. Microplastics confirmed by SEM and Raman spectra. Microplastics particles (a-e) are generated by
patting packing foam (PS), (f-j) by scissoring a drinking-water bottle (PET), (k-0) by manually tearing a plastic
cup (PP) and (p-t) by knife-cutting a plastic bag (PE). From the left column to the right, they are SEM images
(showing the boundaries of cutting) (column 1), photo images (column 2), Raman mapping images (columns

3 and 4), and typical Raman spectra (column 5). The laser scanning areas for Raman mapping are suggested

by red dashed squares. The characteristic peaks and the typical Raman spectra for Raman mapping and plastic
identification are indicated by filled arrows and dashed lines. For comparison, the typical background curve
(corresponding to the dark area in the Raman images) and the standard Raman spectra used to identify the type
of plastic are also presented.
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Fig. 2. Microplastic related research in Web of Science database (retrieved on 15/11/
2018). (a) Distribution in environmental systems (b) number of publications by year.




Seafloor microplastic hotspots controlled by deep-sea Cite as: I. A. Kane et al.. Science
circulation 10.1126/science.aba5899 (2020).

Ian A. Kane'*, Michael A. Clare?, Elda Miramontes®*, Roy Wogelius’, James J. RothwelP®,
Plerre Garreau®, Florlan Pohl”
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Fig. 5. Bottom currents control the deep-sea fate of microplastics.
Schematic diagram illustrating the role of near bed currents in the transfer,
concentration and storage of microplastic in the deep sea. Along shelf
currents disperse microplastics, powerful gravity flows effectively flush
microplastic to the deep sea, while thermohaline-drive bottom currents
segregate microplastics into localized hotspots of high concentration; the
effectiveness of their long-term sequestration depends upon the intensity of
subsequent bottom current activity and rate of burial.



Occurrence and identification of microplastics in tap water from China

Huiyan Tong *, Qianyi Jiang , Xingshuai Hu, Xiaocong Zhong
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Fig. 2. Microplastic abundance in tap water samples.
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Occurrence and identification of microplastics in tap water from China

Chemosphere 252 (2020) 126493

Huiyan Tong °, Qianyi Jiang , Xingshuai Hu , Xiaocong Zhong
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Fig. 5. Material composition of the detected microplastics in tap water samples. Others: sum of PMS, PTFE, PC, PMMA, PBT, PB, nylon, PVC.
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Detection of Various Microplastics in Human Stool

A Prospective Case Series

Ann Intern Med. 2019;171:453-457. doi:10.7326/M19-0618
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Trophic transfer of microplastics and mixed contaminants in the marine food
web and implications for human health

Maddison Carbery”, Wayne O'Connor”, Palanisami Thavamani™
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The presence of microplastics in
commercial salts from different

countries

Ali Karami®, Abolfazl Golieskardi?, Cheng Keong Choo?, Vincent Larat®, Tamara 5. Galloway® &
Babak Salamatinia?
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Figure 2. Chemical composition of the isolated particles. (a) Pie chart of the chemical composition of the
isolated particles from all salt samples and the corresponding proportion of different (b) plastic polymers and
(c) pigments.
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Branded milks - Are they immune from microplastics contamination? Scence of the Total Environment 714 (2020) 136823
Gurusamy Kutralam-Muniasamy *, Fermin Pérez-Guevara *®, L. Elizalde-Martinez <, V.C. Shruti “*

Fig. 1. Microscopical photographs of typical microplastics found in branded milk samples are shown. (a-b) Particles observed in blank filters used for microplastics extraction. c-h images
represent fiber particles. c- brown; d- violet; e- pink; f- green; g-h- red and i-1- blue.




Branded milks - Are they immune from microplastics contamination?

Gurusamy Kutralam-Muniasamy *, Fermin Pérez-Guevara *”, . Elizalde-Martinez ©, V.C. Shruti “*
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First study of its kind on the microplastic contamination of soft drinks,
cold tea and energy drinks - Future research and Selence of the Totl Environment 726 (2020) 138580
environmental considerations
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A first overview of textile fibers, including microplastics, in indoor and
outdoor environments™

Environmental Pollution 221 (2017) 453458
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Inhaling microplastics:

What are the adverse effects of
inhaled environmental MPs on
lung health?

Scence of the Total Environment 749 (2020) 141676
Luis Fernando Amato-Lourenco *™*, Luciana dos Santos Galvio ©, Letty A. de Weger °, Pieter S. Hiemstra ¢,
Martina G. Vijver °, Thais Mauad **

An emerging class of air pollutants: Potential effects of microplastics to
respiratory human health?

Fig. 1. Main sources of indoor and outdoor plastic debris released into the air and subject to human inhalation.



Fig. 2. Fragments of polymer particles present in the air in the city of Sdo Paulo analysed by transmission microscopy and infrared spectroscopy attached to the microscope (by Ludana dos
Santos Galvdo, Chemical Analyses Laboratory, Institute for Technological Research (IPT), Sdo Paulo, Brazil).
Sdence of the Total Environment 749 (2020) 141676

Luis Fernando Amato-Lourenco *™*, Luciana dos Santos Galvao ©, Letty A. de Weger °, Pieter S. Hiemstra ¢,
Martina G. Vijver ©, Thais Mauad **

An emerging class of air pollutants: Potential effects of microplastics to
respiratory human health?



Environmental fate, toxicity and risk management strategies of nanoplastics
in the environment: Current status and future perspectives

Liuwei Wang®, Wei-Min Wu", Nanthi S. Bolan®, Daniel C.W. Tsang?, Yang Li®, Muhan Qin?,

Deyl HOUH'* Journal of Hazardous Materials 401 (2021) 123415
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Fig. 4. Human exposure pathways of NPs. Blue — inhalation; red - ingestion; black — dermal.




Review
A Detailed Review Study on Potential Effects of
Microplastics and Additives of Concern on

Human Health

How does microplastics affect our health?
) e

NERVOUS SYSTEM:
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Figure 6. Overview of scientific studies focused on the effects of micro and nanoplastics on human health.
Colored squares represent pollutants (organic and inorganic) that could be present in environmental
matrices (free or associated with micro and nanoplastics) and that could enter into the human body
through different entry routes.
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Human Consumption of Microplastics

Kieran D. Cox,*’#'icz Garth A. Covernton,dr Hailey L. Davies,f John F. Dower, Francis _]uanes,'f
and Sarah E. Dudas"*%

Environ. Sci. Technol. 2019, 53, 7068—-7074
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Figure 3. Average percent microplastic particle (MP) types including fibers, fragments, granules, film, foam, filaments, and flakes in (A) water,
alcohol (beer), and indoor air and (B) seafood, salt, sugar, and honey.




Human Consumption of Microplastics
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Figure 2. Mean and standard deviation of microplastic concentration within each source of ingested microplastic particles (MPs) including salt,
alcohol (beer), seafood (fish, shellfish and crustaceans), added sugars (sugar and honey), water (bottled and tap), and air in (A) male adults, (B)

female adults, (C) male children, and (D) female children.




Human Consumption of Microplastics

Kieran D. Cox,’ T }mth A. Covernton,’ Hailey L. DI\]LS John F. Dower,  Francis -]uancs,T
and Sarah E. Dlld fig " Environ. Sci. Technol. 2019, 53, 70687074

Our estimates of American consumption of microplastics are
likely drastic underestimates overall. Our current analysis
indicated that meeting approximately 15% of a person’s caloric
intake is associated with the consumption of up to 52000
microplastics annually. Extrapolating the number of micro-
plastics consumed with the remaining 85% of calories is not
possible; however, if our findings are remotely representative,
annual microplastic consumption could exceed several
hundred thousand.




Human Consumption of Microplastics
Kieran D. (?0)|(,”:'+"LL . *(“%arth A Covernton,+ Hailey L. Davies,+ John F. Dower,+ Francis Juanes,f

and Sarah E. Dudas’ Environ. Sci. Technol. 2019, 53, 7068—7074

Table 1. Daily and Annual Consumption and Inhalation of Microplastic Particles for Female and Male, Children and Adults”

Daily Total
Consumed Inhaled Consumed Inhaled Daily Annually
Male Children 113 110 41106 + 7124 40225 + 44730 223 81331
Male Adults 142 170 51814 + 8172 61928 + 68865 312 121664
Female Children 106 97 38722 + 6977 35338 + 39296 203 74060
Female Adults 126 132 46013 + 7755 48270 + 53676 258 98305

“Points and error bars represent the summation (total) and average standard deviation of all microplastics consumed.
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WHO calls for more research into microplastics
and a crackdown on plastic pollution

22 August 2019
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Micro(nano)plastics: A threat to human health?
Messika Revel, Amélie Chatel and Catherine Mouneyrac

Current Opinion in Environmental Science & Health 2018, 1:17-23
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Trophic transfer of microplastics and mixed contaminants in the marine food

web and implications for human health
Maddison Carbery®, Wayne O'Connor”, Palanisami Thavamani™*

Environment International 115 (2018) 400409
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Fig. 3. Potential health effects resulting from the bioaccumulation and biemagnification of microplastics and chemical contaminants in the human body. ” f




Potent Impact of Plastic Nanomaterials and

Micromaterials on the Food Chain and Human Health SRR ——

Yung-Li Wang !, Yu-Hsuan Lee 20, I-Jen Chiu '3, Yuh-Feng Lin **( and Hui-Wen Chiu '3+

/,// k- | Damage and diseases caused by plastic micromaterials and/or nanomaterials:
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Figure 3. Impact of plastic micromaterials and nanomaterials in organisms. Microplastics and/or
nanoplastics can enter the circulation from the gut and lungs and accumulate in the gut, liver, and
kidney resulting in several diseases. At the cell level, microplastics or nanoplastics can inhibit the efflux
pump and mitochondria depolarization, induce reactive oxygen species (ROS). They also affect several
signaling pathways, cause fibrosis, autophagy, and even DNA mutations. Many animal species have
been contaminated by microplastics and/or nanoplastics. The figure was created with BioRender.com.
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Microplastics and the gut microbiome: How chronically exposed species
may suffer from gut dysbiosis

Gloria Fackelmann*, Simone Sommer
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Fig. 1. Conceptual model of the possible impact points of
microplastic ingestion on the gut microbiome and the me-
chanisms which could lead to gut dysbiosis. Microplastics
can 1) cause mechanical disruption, leading to malnourished
individuals, inflammation of the gastrointestinal tract, and
the breakdown of microplastics to form nanoplastics able to
cross biological barriers; 2) act as a vector for potential
pathogens and foreign, non-core bacteria, leading to com-
petition for limited resources with resident bacteria; 3)
harbor chemicals known to disrupt the endocrine system
and environmental chemicals such as persistent organic
pollutants (POPs), polychlorinated biphenyls (PCBs), poly-
cyclic aromatic hydrocarbons (PAHs), and di-
chlorodiphenyltrichloroethane (DDT). These factors may
either directly or indirectly induce gut dysbiosis, the latter of
which may involve the immune system, activated by in-
flammatory processes or pathogens; or host hormone sig-
naling, engaged by endocrine disruptors. The disruption of
the symbiosis between host and gut microbiome may trigger
the onset of (chronic) diseases, deteriorate host health,
promote pathogenic infections, and alter the gene capacity
and expression of gut microbiota, leading to consequences
not yet fathomed.
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Plastic and Human Health: A Micro Issue?
Stephanie L. Wright**® and Frank J. Kelly'
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Figure 1. Potential microplastic (0.1 > 10 pm) uptake and clearance
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penetrate the thnner Jung linmng fuid and contact the epithelium,
translocating via diffusion or active cellular uptake (adapted from ref
162), Reprinted from Ruge, C. A; Kirch, J; Lehr, C. M. Pulmonary
drug delivery: From generating acrosols to overcoming biological
barriers-therapeutic possibilities and technological challenges. Larncet.
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Microplastics and the gut microbiome: How chronically exposed species
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Fig. 1. Conceptual model of the possible impact points of
microplastic ingestion on the gut microbiome and the me-
chanisms which could lead to gut dysbiosis. Microplastics
can 1) cause mechanical disruption, leading to malnourished
individuals, inflammation of the gastrointestinal tract, and
the breakdown of microplastics to form nanoplastics able to
cross biological barriers; 2) act as a vector for potential
pathogens and foreign, non-core bacteria, leading to com-
petition for limited resources with resident bacteria; 3)
harbor chemicals known to disrupt the endocrine system
and environmental chemicals such as persistent organic
pollutants (POPs), polychlorinated biphenyls (PCBs), poly-
cyclic aromatic hydrocarbons (PAHs), and di-
chlorodiphenyltrichloroethane (DDT). These factors may
either directly or indirectly induce gut dysbiosis, the latter of
which may involve the immune system, activated by in-
flammatory processes or pathogens; or host hormone sig-
naling, engaged by endocrine disruptors. The disruption of
the symbiosis between host and gut microbiome may trigger
the onset of (chronic) diseases, deteriorate host health,
promote pathogenic infections, and alter the gene capacity
and expression of gut microbiota, leading to consequences
not yet fathomed.
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Fig. 1. Conceptual model of the possible impact points of
microplastic ingestion on the gut microbiome and the me-
chanisms which could lead to gut dysbiosis. Microplastics
can 1) cause mechanical disruption, leading to malnourished
individuals, inflammation of the gastrointestinal tract, and
the breakdown of microplastics to form nanoplastics able to
cross biological barriers; 2) act as a vector for potential
pathogens and foreign, non-core bacteria, leading to com-
petition for limited resources with resident bacteria; 3)
harbor chemicals known to disrupt the endocrine system
and environmental chemicals such as persistent organic
pollutants (POPs), polychlorinated biphenyls (PCBs), poly-
cyclic aromatic hydrocarbons (PAHs), and di-
chlorodiphenyltrichloroethane (DDT). These factors may
either directly or indirectly induce gut dysbiosis, the latter of
which may involve the immune system, activated by in-
flammatory processes or pathogens; or host hormone sig-
naling, engaged by endocrine disruptors. The disruption of
the symbiosis between host and gut microbiome may trigger
the onset of (chronic) diseases, deteriorate host health,
promote pathogenic infections, and alter the gene capacity
and expression of gut microbiota, leading to consequences
not yet fathomed.



Potential health impact of environmental micro- and
nanoplastics pollution
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FIGURE1 Summary of the main findings. Oral intake is the main route for human exposure to microplastics and nanoplastics as well as through
inhalation and dermal exposure. The potential risks for human health are focused on their gastrointestinal toxicity, liver toxicity, reproductive
toxicity, neurotoxicity and the joint toxicity of their adsorbed contaminants, which mechanisms could be involved in oxidative stress, inflammatory

>

Exposure route
I
1
1
1
A 4
__| Drinking
water
Oral intake Marine
products
| Table salt
Inhalation
Inhalation
and dermal
exposure
Skin
cleaners

reaction and metabolism disorders

Uptake
from the
food chain

Xiaoru Chang @ | Yuying Xue | Jiangyan Li ® | Lingyue Zou | Meng Tang

Potential toxicity
I
I
|
I
I
I
I

¥

Gastrointestinal
toxicity

Toxic mechanisms

I
v

Oxidative stress

Liver toxicity

Reproductive
toxicity

Inflammatory
reaction

- Neurotoxicity

Metabolism disorders

Leachable additives and joint toxicity with adsorbents
(heavy metal, PAHs and PCBs etc.)

J Appl Toxicol. 2020;40:4-15.




Airborne microplastics: Consequences to human health?™

Joana Correia Prata

Environmental Pollution 234 (2(M8) 115-126

Dust Overload @ A Oxidative Stress

® A
_ fﬁ‘ A @ Hu-. Q
L0 ®
. S A A

Cancer
Cytotoxicity Translocation

Fig 2. Mechanisms of inhaled partide injury include dust overload (high surface
particles induce high chemotactic gradients that prevent macrophage migration) (Tran
et al., 2000), oxidative stress (production of radical oxygen species, or ROS, induce cell
injury and the release of inflaimmatory mediators) ( Churg and Braver, 2000; Donaldson
et al, 2002; Donaldson and Tran, 2002; Chang, 2010; Xia et al, 2006). cytotoxidty
(free intracellular particles may damage cellular structures) (Geiser et al, 2005),
translocation (injury of secondary sites and vascular occlusion by particles or increased
coagulability) (Galloway, 2015; Hamoir et al., 2003; Yacobi et al, 2008). Cancer may
result from chronic inflammation or from gene mutation | Beckett, 2000; Chang, 2010;

Churg and Brauer, 2000; Donaldson et al, 2002; Donaldson and Tran, 2002; Marsh
et al, 1994: Mastrangelo et al., 2002; Valic and Zuskin, 1977).
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Particle and Fibre Toxicology ~ (2020) 17:24 The plastic brain: neurotoxicity of micro-
and nanoplastics

Minne Prist, Jonelle Meijer and Remco H. S. Westerink @

~

Micro- and Nanoplastics

Systemic uptake via gills, gut, lung (?) nose (?),
and subsequent passage to the brain

Altered neuro-
transmitter levels

Cell
damage/death RayNy Neuro-
inflammation
?

Increased .
vulnerability
neuronal disorders?

Oxidative stress AChE inhibition

G ————

Behavioral changes

Fig. 1 Overview of the neurotoxic effects of micro- and nanoplastics. Plastic particles can reach the systemic circulation and ultimately the brain
via uptake through the gills, gut and possibly also the lungs or directly via the nasal cavity. Once in the brain, micro- and nanoplastics can induce
oxidative stress, potentially resulting in cellular damage and neuroinflammation, which may ultimately increase onset and development of
neurodevelopmental and/or neurodegenerative disorders. Micro- and nanoplastics in the brain can also results in inhibition of AChE and changes o .®
in neurotransmitter levels, which likely contribute to the observed behavioral changes. It should be noted though that most evidence is M .
fragmentary and obtained from different, mainly aquatic species, highlighting the need for extensive systematic research to fully elucidate the 7z
neurotoxic potential of micro- and nanoplastics. See Table 1 for details
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Risks of Plastic Debris: Unravelling Fact, Opinion, Perception, and

Belief

Albert A. Koelmans,* *@ Ellen Besseling,?‘t‘f" Edwin Foekema,™® Merel Kooi,' Svenja Mintenig,"‘l
Bernadette C. Ossendorp,” Paula E. Redondo-Hasselerharm,” Anja Verschoor,”
Annemarie P. van We?.el,"'l and Marten Scheffer’

2
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PCBs % %;%
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PBDES plastic chemicals covering all
Sats debris exposure pathways
Cd* water, food, air, plastic

PAH
“v‘i:onﬂphenol (ISS:() (AO PC)
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f

Assess risks of plastics
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Figure 3. Separating the chemical component (horizontal arrow) from the physical component (vertical arrow) of the risk of plastic debris. If a

certain type of plastic particle causes an adverse effect on an organism different from that of another type of particle, then it needs another ERM. Risk
assessment of the plastic particle proceeds following adapted versions of existing frameworks for chemicals and/or particles.

DOL 10.1021/acs.est.7b02219
Environ. Sci. Technol. 2017, 51, 11513-11519



Recent advances in toxicological research of nanoplastics in the Environmental Pollution 252 (2019) 511-521

environment: A review™

Maocai Shen ', Yaxin Zhang , Yuan Zhu ', Biao Song ', Guangming Zeng', Duofei Hu,
Xiaofeng Wen, Xiaoya Ren

Endocrine Behavior
disruption

Fig. 2. Analysis of nanoplastics toxic effects to test subjects. The left refers different polymers used in experiments, and the right refers different toxic endpoints observed in tests.
Polystyrene nanoplastic particles were commonly used in tests, and the toxic effects of nanoplastics were mainly evaluated at sub-lethal levels, such as energy consumption, feeding

ability, reproduction, growth rate, oxidative damage, oviposition, enzyme activity and behavioral abnormalities.




Potential Health Impact of Environmentally Released Micro- and DOI: 10.1021/acs.85¢. 5501090
Nanoplastics in the Human Food Production Chain: Experiences from Environ. Scl. Technol. 2015, 49, 8932-8947
Nanotoxicology

Hans Bouwmeester,* Peter C. H. Hollman, and Ruud ]J. B. Peters

Table 2. Leachable Chemicals from Plastics.' >

type of additive function

Phthalates Plasticizer 4aEEes——
monomethyl phthalate (MMP)

dimethyl phthalate (DMP)
diethylhexyl phthalate (DEHP)
butylbenzyl phthalate (BBzP)
monobutyl phthalate (MBP)
dibutyl phthalate (DBP)

Alkylphenols Plastizer/Stabilizer
trisnonylphenol phosphites (TNP)
nonylphenol (NP)

octylphenol (OP)
Bisphenol A (BPA) Monomer/Additive Ce——

Organotin Compounds Stabilizer
mono- en dialkyltin carboxylates

tin mercaptans

tin sulfides

Polybrominated Diphenyl Ethers (PBDEs) Flame Retardant C— é ;, :_ m)
tetrabromobisphenol A (TBBPA) e =




DEFINIZIONE

* Sostanza o materiale esogeno che possa alterare una o piu funzioni del
sistema endocrino e conseguentemente causare effetti avversi sulla
salute di un organismo sano e della sua progenie

* European Commission

* Qualsiasi sostanza esogena in grado di interferire con la sintesi, la
secrezione, il trasporto, il metabolismo, il legame recettoriale o
I’escrezione di una sostanza endogena con azione ormonale
normalmente in grado di garantire I’omeostasi, il normale sviluppo e la
funzione riproduttiva di un individuo

* U.S. Environmental Protection Agency



DOVE SI TROVANO ?

Emergent contaminants: Endocrine disruptors and their laccase-assisted
degradation — A review

Carlos Barrios-Estrada *, Magdalena de Jesis Rostro-Alanis ®, Blanca Delia Mufioz-Gutiérrez *,
Hafiz MN. Igbal **, Soundarapandian Kannan ® Roberto Parra-Saldivar **

Endocrine

disruptorsin the environment

Sdence of the Total Environment 612 (2018) 1516-1531
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MECCANISMO D’AZIONE

Endocrine disrupting chemicals in the atmosphere: Their effects on
humans and wildlife Environment Intemational 76 (2015} 78-97

Jayshree Annamalai *, Vasudevan Namasivayam

endagenaus hermanes
and binding h.mmnﬂ’

Endocrine Disrupting & [

Campounds in the atmoiphere

(1)

Interferenti endocrini e salute: un rapporto discusso.
Quali consigli pratici per la famiglia? Sergio Bernasconi




EDC-2: The Endocrine Society's Second Scientific
Statement on Endocrine-Disrupting Chemicals

IMPATTO SULLA

A C. Gore, V. A. Chappell, 5. E. Fenton, 1. A. Flaws, A. Nadal, G. S. Prins, ). Toppari,

SALUTE ?

and R. T. Zoeller

Figure 1.
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Figure 1. Diagram of many of the body's endocrnine glands in females (left) and males (right).



Endocrine Disruptors: Time to Act B R P Bk B

Mariana F. Fernindez - Marta Romsdn -
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Adipocytes under assault: Environmental disruption of BRI A “

adipose physiology ™
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Fig- 1. Adipocytes Under Assault: endocrine disrupting chemicals and their sowrces, BPA, bisphenol A; DDT, dichlorodipheny lrich loroethane; DEHP, di-2-ethylhexyl phithalate; DES, g .@ .
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International Federation of Gynecology and Obstetrics opinion on
reproductive health impacts of exposure to foxic
environmental chemicals

Gian Carlo Di Renzo* Jeamne A Curu']u: 7 Jennifer Blake®, MarkS. DeFrancesco " Nathaniel DelNicola
James N, Martin Jr. ® Kelly A McCue® David Richmond ®, Abid Shah  Patrice Suttan ®, Tracey |. Woodruff*,
Sheryl Ziemin van der Poel !, linda C. Giudice #

Box 1
Adverse health outcomes linked with preconception and prenatal
exposure to environmental chemicals.”

International joumal of Gynecology and Obstetrics 131 (2015) 219-225

Neurodevelopment
‘- Impaired cognitive and neurodevelopment, increase in atten-

tion problems and attention deficit hyperactivity disorder be-
haviors at age 5 years, and reduction in working memory
capabilities at age 7 years with pesticides [74-77]

* Impaired neurodevelopment in girls and reduction in executive
function at age 4-9 years with phthalates [78,79]

* [ntellectual impairment with lead [80]

‘ * Reduced cognitive performance, impaired neurodevelopment,

and reduced psychomotor outcomes with methyl mercury
[81-85]

* Decreased placental expression of genes implicated in normal
neurodevelopmental trajectories with increasing in utero expo-
sure to fine particle air pollution [86]

) + Reduced intelligence quotient score and a wide range of

attention and executive function deficits with PCBs [87-91]
* Impaired neurodevelopment and reduction in sustained
attention with polybrominated diphenol ethers [92,93]

‘- Attention problems at age 6-7 years with polycyclic aromatic

hydrocarbons [94,95]

mmm) « Aggression and hyperactivity in girls, and reduction in execu-

tive functioning skills in girls aged 3 years with bisphenal A
[96,97]



Elucidating the Links Between Endocrine Disruptors
and Neurodevelopment

Thaddeus T. Schug, Ashley M. Blawas, Kimberly Gray, Jerrold J. Heindel,
and Cindy P. Lawier
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Figure 2. Schematic diagram illustrating how exposure to EDCs during critical periods of
development can lead to neurodevelopmental disease.

{Endocrinology 156: 1941-1951, 2015)




IMPATTO SULLA SALUTE ?

Early Life Exposure to Endocrine Disrupting Chemicals and
Childhood Obesity and Neurodevelopment

Joseph M. Braun'
' Department of Epidemiology, Brown University, Providence, R 02212

Nat Rev Endocnnol 2017

0625

0.0

0.0135

Density

oo

CLODS -

0.0 +—

[(¥]

Undrposed == — Exposad |

Figure B1.

Density Distnbution of IQ) in EDC Unexposed and Exposed Populations

Figure Bl represents the distribution of I} 1in two populations of one mullion indviduals
each The prey line signifies the threshold for IQ) scores consistent with intellectnal
disabalities (1IQ=70).

In the unexposed population. the mean IQ 1s 100 (standard deviation=13), while in the
exposed population the mean IQ) 15 95 (standard deviation=15). This 5-point shifi in IQ
results in nearly a doubling in the proportion of people with I() scores consistent with
wmtelleciual disabilities (IQ=70) in the exposed population (4.42%) compared to the
unexposed population (2.27%).




Minireview: Transgenerational Epigenetic
Inheritance: Focus on Endocrine Disrupting
Compounds
Erdocrnalogy, Mogust 2034, 1558E2 7702780
Endocrine disrupting

Emille F. Rissman and kazhar Adll
compounds

_J Non-coding RNAs T DNAMethyiation  § Histone modifications

Figure 3. A general model depicting epigenetic alterations upon
exposure to EDCs. EDCs bind to steroid receptors, and other TFs,
thereby changing the local chromatin states and expression of various
chromatin modifiers (CM) such as histone and DNA medifiers or
ncRNAs. Moreover, EDCs can change the composition or the activity of
epigenetic chromatin regulator complexes and thereby act directly on
the global epigenome.

Figure 1. A cartoon of the multiple generations comprising
transgenerational inhentance. A pregnant woman (P0) carries genetic
and epigenetic information for up to the F2 generation. Her fetus (F1)
and its germ cells (F2) may be affected by environmental exposures
such as EDCs. For any changes in the F1 phenotype or epigenetic state
to be considered transgenerational, the aberrant epigenetic state has
to be sustained until at least the F3 generation. In contrast to females,

EDC exposure in males {PO) will potentially change his germ cells,
which will be the F1 generation. However, because the F2 germ cells
are not exposed, any phenotypic or epigenetic changes noted in F2
can be considered transgenerational.
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Evidence to Practice

C ontroversie Endocrine-Disrupting Chemicals

Andrea C. Gore, PhD
JAMA Internal Medicine November 2016 Volume 176, Number 11

Limitations of the Evidence

Several challenges remainin the field of EDCs and endocrine health
and diseaf.he ability to directly relate an exposure to a dis-
ease outcome is virtually impossible, especially when the lag time
can be years.




ControverSie Evidence to Practice
Endocrine-Disrupting Chemicals

Andrea C. Gore, PhD

— . . JAMA Internal Medicine November 2016 Volume 176, Number 11
Limitations of the Evidence

Several challenges remainin the field of EDCs and endocrine health
and disease. First, the ability to directly relate an exposure to a dis-
ease outcome is virtually impossible, especially when the lag time
can be years endogenous hormonal actions at one dos-
age do not necessarily predict effects at another; such nonmonotic
dose-response curves are probably the norm for both physiologi-
cal systems and for EDC actions.
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Evidence to Practice

Endocrine-Disrupting Chemicals

Controversie

Andrea C. Gore, PhD

leitatlons Df the EVIdenCE JAMA Internal Medicine November 2016 Volume 176, Number 11

EDCs are not pure agonists
or antagonists of a single hormone receptor or pathway.




e Evidence to Practice
Controversie Endocrine-Disrupting Chemicals

Andrea C. Gore, PhD

JAMA Internal Medicine MNovember 2016 Volume 176, Number 11

humans are typically exposed to EDCs at low dosages and in
While some have questioned whether low-dose EDC exposures are

relevant, the facts that (1) hormone receptors have exquisitely high
sensitivity to endogenous hormones, (2) most EDCs do not inter-
act with binding proteins, and (3) EDCs may be resistant to meta-
bolic breakdown means that EDCs have greater bioavailability and
persistence, causing very low dosages to have biological effects.
These areas warrant further exploration.
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Controversie

Table 3. Criteria for Evaluating Toxicological Evidence

Quality of ) _
Estimating Burden and Disease Costs of Exposure to Evidence Interpretation Study Design
Endocrine-Disrupting Chemicals in the European Union Strong, group 1 There is a strong presumption  The animal studies provide clear evidence of the ED effect in the absence
. . {endocrine that the chemical has the of other toxic effects, or if occurning together with other toxic

{ Clin Endocrinol Metab 100: 00000000, 2015) disruptor) capacity to cause the health effects, the ED effects should not be a secondary nonspecific
effect through an consequence of other toxic effects. However, when there is, eg,
endocrine disruptar mechanistic information that raises doubt about the relevance of the
mechanism. effect for humans or the environment, group 2 may be more

appropriate.
Substances can be allocated to this group based on:
Adverse in vivo effects where an ED mode of action is plausible
ED mode of action in vivo that is clearly linked to adverse in vivo
effects (eg, by read across)
Moderate, group 2a  There is some evidence from The health effects are observed in the absence of other toxic effects, or if

{suspected experimental animals, yet occurring together with other toxic effects, the ED effect should be
endocrine the evidence is not considered not to be a secondary nonspecific consequence of other
disruptor) sufficiently convincing to toxic effects.

place the substance in Substances can be allocated to this group based on:

group 1. Adverse effects in vivo where an ED mode of action is suspected

ED mode of action in vivo that is suspected to be linked to adverse
effects in vivo

ED mode of action in vitro combined with toxicokinetic in vivo
data (and relevant non-test information such as read across,
chemical categorization, and QSAR predictions)

Weak, group 2b There is some evidence There is some in vitro/in silico evidence indicating a2 potential for
. .@- (potential indicating potential for endocrine disruption in intact organisms or effects in vivo that may,
(O ® endocrine endocrine disruption in or may not, be ED-mediated.
. f‘ disruptor) intact organisms.

Abbreviations: ED, @@@®; DSAR, quantitative structure—activity relationship. Adapted from Ref. 36.
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Exposures to Endocrine Disrupting Curr Probl Pediatr Adolesc Health Care 2017:;47:107-118
Chemicals in Consumer Products—A
Guide for Pediatricians

Katelyn H. Wong,” and Timur S. Durrani”*

Clinicians should clarify patient concerns (if any) and
provide personalized guidance about how to avoid
exposure to endocrine disrupting chemicals. It 1s impor-
tant to explain to patients that the experts in the field do

— not have a complete understanding of the effects of
endocrine disrupting chemicals in consumer products.
However, there is sufficient evidence based on animal
studies and epidemiological studies for there to be
concerns about exposure to endocrine disrupting chem-
icals and for the implementation of the precautionary
approach to endocrine disrupting chemicals. Using non-
medical language, explain the potential health effects of
exposure to endocrine disrupting chemicals. Provide
prevention strategies that can minimize exposure to

endocrine  disrupting chemicals.




Periodi critici per l'esposizione

*Periodo fetale




Figure 1. Increased exposure and vulnerability of the developing child to chemicals, porey 2003

Brain absorption
The blood-brain barrier (BBB|, which

limits the penetration of chemicals from

) e blood to the brain, develops

gradually, resulting in higher exposure of R

the foetal and infant brain to toxins

Respiratory

absorption
Young children breathe about |
twice as much air in
IS  proportion to their body
mass as adults, therefore
more airborne chemicalg are
inhaled relative to their body
weight
Metabolism
Children have a higher resting
)  ctobolic rate and are more
active, leading to a higher
ragpiration rate, therefore
relative food, liquid and air
intake is higher

Behaviour
— Bables & children constantly place
objects and fingers in their mouths,
leading to relatively high ingestion of
toxine from non-dietary sources

Dermal absorption

Distribution in the

Children have a relatively higher skin surface area (to body body
mass) than adults and more permeable skin; together with Blood and body

more intensive contact with home surroundings increased
absorption of chemicals via the skin can occur

ompasition and organ size
differ, leading to greater
storage and distribution of
certain chemicals in
children's organs,

etabolism of chemicals
During Intancyand childhood, many
important bictransformation pathways
do not functlon at adult levels, this
reduced metabolic capacity risks maore
severe adverse effects than adults,

Excretion and elimination
The liver and kidneys of newborns are
not fully developed, therefore toxins
are eliminated more slowly. By 12
months these functions are fully
developed.

a
Gastrointestinal absorption
Children under 6-8 months old have
increased gastrointestinal absorption,
prolonged gastricemptying time and
intestinal tract trangit time - eg. children
absorb 50% of ingested lead compared
to 10% by adults.

Close to the floor

During infancyand as toddlers,
children spend a lot of time on or near
the floor, where they are more
exposed to densa vapours, car
exhausts, house dust and chemicals
leaching from floor coverings




RUOLO DEL MEDICO

1) aiutare le famiglie a comprendere le problematiche
ambientali




Strategies for addressing environmental disruption of metabolism.
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2) fornire informazioni pratiche




MESSAGGI SPECIFICI

- lavaggio mani
- aspirazione polveri
- scelta prodotti pulizia della casa
- scelta cosmetici e prodotti per igiene
personale
- alimentazione
- latte materno
- cibi da agricoltura biologica
- confezionamento
- preparazione domestica
- indumenti
- arredo
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