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1 PREFACE  

Public health (PH) is an exciting discipline that allows you to combine critical 

observation of reality, the coolest and most complex epidemiological models, 

communication skills and research translation into policy. Though it seems a fun 

and sparkling path, the road to excellence in PH is lined with methodological 

rigor. The aim of researchers in this field is to provide the best available 

knowledge to inform health policy and behavioral changes. This is not a short 

task given that these changes may potentially have a vast impact and resonance 

on populations’ health.  

An esteemed colleague, Nino Cartabellotta, medical doctor and president of the 

GIMBE Foundation, is constantly underlining how given the very few resources 

our National Healthcare Service is left with, we should improve the value for 

money for healthcare spending. But to do so we need data. We need research to 

help guide the best allocation of the few resources we have, to improve health 

and reduce inequities, ensuring that evidence, not chance, drives our public 

health decisions. 

This has been imperative during the COVID-19 pandemic, when the need for rapid, 

evidence-based action was essential. The pandemic exposed how 

environmental, social, and geographic determinants shape both exposure risk 

and health outcomes, emphasizing that preparedness must rest on the 

integration of data, context, and population needs. It also reaffirmed that 

research in public health is not a purely academic exercise but one that must be 

translated into policies capable of protecting the most vulnerable and preserving 

collective well-being even under resource constraints. 

The main driver of my scientific work has been striving to ensure that every 

newborn might have the best possible future. Pediatric environmental 

epidemiology and public health therefore represent the natural intersection of my 

scientific and personal motivations: the former anchored in the methodological 

rigor of epidemiology, and the latter in the universal principle of safeguarding the 

most vulnerable. Children, by virtue of their developmental plasticity, represent 

both sentinels and promises, early warnings of environmental degradation, and 

living investments in a healthier, more equitable future. 

Lucia Palandri  



4 
 

2 SUMMARY AND INTRODUCTION 

This article-based dissertation is structured as the collection of the projects I had 

the honor to work on and contribute to significantly and examines how 

environmental, social, and policy determinants influence health across the life 

course, with a specific focus on the COVID-19 pandemic, sustainable nutrition, 

and exposure to environmental contaminants. By integrating approaches from 

public health, environmental epidemiology, and pediatric health, the dissertation 

aims to describe the interconnections between human and planetary health. It 

comprises eight peer-reviewed articles grouped into three thematic chapters: (1) 

Tackling the COVID-19 Pandemic; (2) Healthier Children for a Healthier Planet; 

and (3) Children and Phthalates, Are We Doing Enough? 

Each chapter is presented with an introductory chapter describing the rationale 

of the chapter providing a summary with abstract and authors for each paper. In 

each summary I will also describe my scientific contribution, because even if I 

am a strong believer in teamwork and effort, the aim of a PhD dissertation is to 

show scientific maturity and independence.  

Chapter 1 focuses on the general population investigating the multifactorial 

determinants of the COVID-19 pandemic in Italy. Through ecological and 

population-based analyses, the studies assessed how environmental, climatic, 

demographic, and socio-economic factors shaped infection rates, 

hospitalizations, and mortality. The research also evaluated the effectiveness of 

vaccination programs in preventing severe outcomes. The findings showed how 

the pandemic’s spread and impact were not random but driven by spatial 

inequities, environmental vulnerabilities, and differences in the implementation 

of non-pharmaceutical interventions. Methodological contributions included the 

development of multivariable models and integrated analytical frameworks to 

assess complex public health risk domains. Together, these studies provided 

evidence supporting geographically and socially tailored pandemic responses. 

Chapters 2 and 3 concentrated on the pediatric population, a population dear to 

the candidate, and aim to connect environmental epidemiology within child 

health promotion. 

Chapter 2 examines dietary habits among Italian children aged 6 months to 14 

years, evaluating their nutritional adequacy and environmental sustainability. The 
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studies demonstrated excessive consumption of animal-based and processed 

foods, resulting in diets misaligned with both healthy dietary recommendations 

and planetary sustainability targets. Additional analyses identified low parental 

awareness of the environmental implications of diet and limited engagement of 

pediatricians in promoting healthier, more sustainable eating patterns. By 

describing dietary epidemiology and societal factors, this chapter emphasizes 

that early-life interventions fostering sustainable diets can produce synergistic 

benefits for both child and planetary health. 

Chapter 3 addresses children’s exposure to phthalates, endocrine-disrupting 

chemicals present in a variety of consumer products. Drawing on empirical data 

and public health synthesis, it describes biomonitoring evidence of 

neurodevelopmental associations as well as evaluating current policy and 

regulatory measures against phthalates. Despite progress in restrictions, 

findings indicated that children remain exposed due to behavioral characteristics 

and physiological vulnerability. The chapter calls for enhanced regulation, 

surveillance, and integration of environmental toxicology into pediatric care and 

public health policy. 

Overall, the dissertation provides a comprehensive understanding of how 

environmental and community indicators interact to affect health at both 

population and pediatric levels. It demonstrates the value of interdisciplinary, 

data-driven approaches in identifying modifiable determinants of disease and 

inequity. Conceptually, it advanced an overall framework that situates health 

within the broader context of planetary sustainability, underscoring that 

safeguarding human health requires addressing the environmental systems 

upon which it depends. 
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3 TACKLING THE COVID-19 PANDEMIC 

3.0 INTRODUCTORY SUBCHAPTER 

The COVID-19 pandemic revealed the spatial and social heterogeneity connected 

with population health. Despite its global spread, the pandemic’s intensity and 

outcomes varied markedly across regions, even within single countries, with 

Northern Italy being one of the most heavily hit. Understanding why required a 

multidisciplinary approach that integrated geographic, environmental, socio-

demographic, and policy dimensions. The first dissertation chapter, Tackling the 

COVID-19 Pandemic, brings together four published studies that collectively 

examined how place, environment and public health measures shaped the 

progression, severity, and mitigation of COVID-19 in Italy, particularly in the 

province of Modena and within the Alpine region of South Tyrol. The chapter 

advanced from broad conceptual mapping of literature (Vandelli et al., 2024) to 

a comprehensive multidomain modeling (Palandri et al., 2025) and finally to 

territory-specific empirical analyses (Lorenzon et al., 2024a, 2024b). This 

progression, from global synthesis to regional and local application, reflected the 

intention to link environmental epidemiology with actionable public health 

programs. In short, this chapter moves beyond “where did COVID hit hardest?” 

toward “why did COVID hit harder here than there?”. 

In the following paragraphs you may find the full abstract and my contributions 

to each project. All the manuscript presented in this chapter were published in 

peer-reviewed journals. 

3.0.1 Conditioning factors in the spreading of Covid-19 – Does geography 

matter?   

Vittoria Vandelli, Lucia Palandri, Paola Coratza, Cristiana Rizzi, Alessandro Ghinoi, 

Elena Righi, Mauro Soldati   

Journal: Heliyon 

Doi: https://doi.org/10.1016/j.heliyon.2024.e25810  

My contributions: As second author, contributed to drafting the original version, 

assisted in the specification of the classification/coding framework, and 

oversaw the curation and organization of the extracted metadata from the 112 

studies. 

https://doi.org/10.1016/j.heliyon.2024.e25810
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Abstract 

There is evidence in literature that the spread of COVID-19 can be influenced by 

various geographic factors, including territorial features, climate, population 

density, socioeconomic conditions, and mobility. The objective of the paper is to 

provide an updated literature review on geographical studies analyzing the 

factors which influenced COVID-19 spreading. This literature review took into 

account not only the geographical aspects but also the COVID-19-related 

outcomes (infections and deaths) allowing to discern the potential influencing 

role of the geographic factors per type of outcome. A total of 112 scientific 

articles were selected, reviewed and categorized according to subject area, aim, 

country/region of study, considered geographic and COVID-19 variables, spatial 

and temporal units of analysis, methodologies, and main findings. Our literature 

review showed that territorial features may have played a role in determining the 

uneven geography of COVID-19; for instance, a certain agreement was found 

regarding the direct relationship between urbanization degree and COVID-19 

infections. For what concerns climatic factors, temperature was the variable that 

correlated the best with COVID-19 infections. Together with climatic factors, 

socio-demographic ones were extensively taken into account. Most of the 

analysed studies agreed that population density and human mobility had a 

significant and direct relationship with COVID-19 infections and deaths. The 

analysis of the different approaches used to investigate the role of geographic 

factors in the spreading of the COVID-19 pandemic revealed that the 

significance/representativeness of the outputs is influenced by the scale 

considered due to the great spatial variability of geographic aspects. In fact, a 

more robust and significant association between geographic factors and COVID-

19 was found by studies conducted at subnational or local scale rather than at 

country scale. 

 

3.0.2 Environmental, climatic, socio-economic factors and non-

pharmacological interventions: A comprehensive four-domain risk 

assessment of COVID-19 hospitalization and death in Northern Italy   

Lucia Palandri, Cristiana Rizzi, Vittoria Vandelli, Tommaso Filippini, Alessandro 

Ghinoi, Giuliano Carrozzi, Gianfranco De Girolamo, Isabella Morlini, Paola Coratza, 
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Enrico Giovannetti, Margherita Russo, Mauro Soldati, Elena Righi, on behalf of the 

DISCOV-19 study group 

Journal: International Journal of Hygiene and Environmental Health 

Doi: https://doi.org/10.1016/j.ijheh.2024.114471  

My contributions: As first author, I led conceptualization, methodology selection, 

data curation, investigation, formal analysis, interpretation, visualization, and 

writing of both original draft and review versions.  

Abstract 

Introduction: Up to now, studies on environmental, climatic, socio-economic 

factors, and non-pharmacological interventions (NPI) show diverse associations, 

often contrasting, with COVID-19 spread or severity. Most studies used large-

scale, aggregated data, with limited adjustment for individual factors, most of 

them focused on viral spread than severe outcomes. Moreover, evidence 

simultaneously evaluating variables belonging to different exposure domains is 

scarce, and none analyzing their collective impact on an individual level. 

Methods: Our population-based retrospective cohort study aimed to assess the 

comprehensive role played by exposure variables belonging to four different 

domains, environmental, climatic, socio-economic, and nonpharmacological 

interventions (NPI), on individual COVID-19-related risk of hospitalization and 

death, analyzing data from all patients (no. 68472) tested positive to a SARS-CoV-

2 swab in Modena Province (Northern Italy) between February 2020 and August 

2021. Using adjusted Cox proportional hazard models, we estimated the risk of 

severe COVID-19 outcomes, investigating dose-response relationships through 

restricted cubic spline modelling for hazard ratios. Results: Several significant 

associations emerged: long-term exposure to air pollutants (NO2, PM10, PM2.5) 

was linked to hospitalization risk in a complex way and showed an increased risk 

for death; while humidity was inversely associated; temperature showed a U-

shaped risk; wind speed showed a linear association with both outcomes. 

Precipitation increased hospitalization risk but decreased mortality. Socio-

economic and NPI indices showed clear linear associations, respectively 

negative and positive, with both outcomes. Conclusions: Our findings offer 

insights for evidence-based policy decisions, improving precision healthcare 

https://doi.org/10.1016/j.ijheh.2024.114471
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practices, and safeguarding public health in future pandemics. Refinement of 

pandemic response plans by healthcare authorities could benefit significantly. 

 

3.0.3 Effectiveness of the SARS-CoV-2 Vaccination in Preventing Severe 

Disease-Related Outcomes: A Population-Based Study in the Italian 

Province of Bolzano (South Tyrol) 

Antonio Lorenzon, Lucia Palandri, Francesco Uguzzoni, Catalina Doina Cristofor, 

Filippo Lozza, Riccardo Poluzzi, Cristiana Rizzi, Pierpaolo Bertoli, Florian Zerzer and 

Elena Righi 

Journal: International Journal of Public Health 

Doi: https://www.ssph-journal.org/journals/international-journal-of-public-

health/articles/10.3389/ijph.2024.1606792/full  

My contributions: As second and corresponding author, I co-led the methodology 

design, steered and performed data analysis and interpretation, and wrote the 

first draft of the manuscript. I led and contributed to all the phases of the project 

with the exception of data collection. 

Abstract 

Objective: To investigate the effectiveness of SARS-CoV2 vaccination in 

preventing ordinary or intensive care unit (ICU) admissions and deaths among 

cases registered during a variant transitional pandemic phase in the 

geographically and culturally unique territory of the Province of Bolzano (South 

Tyrol), an Italian region with low vaccination coverage.  Methods: We collected 

data from 93,643 patients registered as positive for SARS-CoV2 by health 

authorities during the winter of 2021–22. The data were analyzed retrospectively 

using descriptive statistics and multiple logistic regression.  Results: 925 

patients were hospitalized (0.99%), 89 (0.10%) were in intensive care, and 194 

(0.21%) died. Vaccinated patients had a significantly lower risk of being 

hospitalized: adjusted Odds Ratio (aOR): 0.39; 95% CI: 0.33–0.46, ICU admission: 

aOR: 0.16; 95% CI: 0.09–0.29 and death: aOR: 0.41; 95% CI: 0.29–0.58. Similar 

risk reductions were also observed in booster-vaccinated patients, independent 

of sex, age, and predominant variant. Furthermore, the median length of stay 

(LoS) in the ICU was significantly longer for unvaccinated individuals compared 

https://www.ssph-journal.org/journals/international-journal-of-public-health/articles/10.3389/ijph.2024.1606792/full
https://www.ssph-journal.org/journals/international-journal-of-public-health/articles/10.3389/ijph.2024.1606792/full
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to vaccinated subjects (9 vs. 6 days; p < 0.003).  Conclusion: Primary series 

vaccination and ongoing campaign booster doses were effective in preventing 

all severe disease-related outcomes and in reducing ICU Length of Stay, even 

during a transitional pandemic phase and in a unique territorial context. 

 

3.0.4 An Ecological Study Relating the SARS-CoV-2 Epidemiology with 

Health-Related, Socio-Demographic, and Geographical Characteristics in 

South Tyrol (Italy) 

Antonio Lorenzon, Lucia Palandri, Francesco Uguzzoni, Catalina Doina Cristofor, 

Filippo Lozza, Cristiana Rizzi, Riccardo Poluzzi, Pierpaolo Bertoli, Florian Zerzer and 

Elena Righi 

Journal: International Journal of Environmental Research and Public Health 

doi: https://doi.org/10.3390/ijerph21121604  

My contributions: As second and corresponding author I led and contributed to 

all the phases of the project with the exception of data collection. I guided 

methodology, executed data analyses, and drafted the initial manuscript. I 

contributed significantly to interpretive synthesis. 

Abstract 

The literature associating the spread of SARS-CoV-2 with the healthcare-related, 

geographical, and demographic characteristics of the territory is inconclusive 

and contrasting. We studied these relationships during winter 2021/2022 in 

South Tyrol, a multicultural Italian alpine province, performing an ecological study 

based on the 20 districts of the area. Data about incidence, hospitalization, and 

death between November 2021 and February 2022 were collected and 

associated to territorial variables via bivariate analyses and multivariate 

regressions. Both exposure variables and outcomes varied widely among 

districts. Incidence was found to be mainly predicted by vaccination coverage 

(negative correlation). Mortality and ICU admission rates partially followed this 

distribution, while the case fatality rate was inversely correlated to average 

salary, and hospital admission rates increased where hospitals capacity was 

higher, and from the southern to the northern border of the province. These 

findings, besides confirming the efficacy of vaccination in preventing both new 

https://doi.org/10.3390/ijerph21121604


11 
 

and severe SARS-CoV-2 cases, highlight that several geographical and socio-

demographic variables can be related to disease epidemiology. Remote areas 

with wage gaps and lower access to care suffered most from the pandemic. Our 

findings, therefore, underly the existence of health inequity issues that need to be 

targeted by implementing specifically tailored public health interventions. 
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3.1 CONDITIONING FACTORS IN THE SPREADING OF COVID-19 – DOES 

GEOGRAPHY MATTER? 

Vittoria Vandelli, Lucia Palandri, Paola Coratza, Cristiana Rizzi, Alessandro Ghinoi, 

Elena Righi, Mauro Soldati   

Journal: Heliyon 

Doi: https://doi.org/10.1016/j.heliyon.2024.e25810  

 

https://doi.org/10.1016/j.heliyon.2024.e25810
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3.2 ENVIRONMENTAL, CLIMATIC, SOCIO-ECONOMIC FACTORS AND NON-

PHARMACOLOGICAL INTERVENTIONS: A COMPREHENSIVE FOUR-DOMAIN 

RISK ASSESSMENT OF COVID-19 HOSPITALIZATION AND DEATH IN 

NORTHERN ITALY 

Lucia Palandri, Cristiana Rizzi, Vittoria Vandelli, Tommaso Filippini, Alessandro 

Ghinoi, Giuliano Carrozzi, Gianfranco De Girolamo, Isabella Morlini, Paola Coratza, 

Enrico Giovannetti, Margherita Russo, Mauro Soldati, Elena Righi, on behalf of the 

DISCOV-19 study group 

Journal: International Journal of Hygiene and Environmental Health 

Doi: https://doi.org/10.1016/j.ijheh.2024.114471 
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SEVERE DISEASE-RELATED OUTCOMES: A POPULATION-BASED STUDY 

IN THE ITALIAN PROVINCE OF BOLZANO (SOUTH TYROL) 

Antonio Lorenzon, Lucia Palandri, Francesco Uguzzoni, Catalina Doina Cristofor, 

Filippo Lozza, Riccardo Poluzzi, Cristiana Rizzi, Pierpaolo Bertoli, Florian Zerzer and 

Elena Righi 

Journal: International Journal of Public Health 

Doi: https://www.ssph-journal.org/journals/international-journal-of-public-

health/articles/10.3389/ijph.2024.1606792/full  

 

  

https://www.ssph-journal.org/journals/international-journal-of-public-health/articles/10.3389/ijph.2024.1606792/full
https://www.ssph-journal.org/journals/international-journal-of-public-health/articles/10.3389/ijph.2024.1606792/full


48 
 

 



49 
 

 



50 
 

 



51 
 

 



52 
 

 



53 
 

 



54 
 

 



55 
 

 



56 
 



57 
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4 HEALTHIER CHILDREN FOR A HEALTHIER PLANET 

4.0 INTRODUCTORY SUBCHAPTER 

In this chapter, the focus was turned toward the connection between child 

nutrition, sustainability, and planetary health. Through the two published 

manuscripts presented in this chapter, we explored how children and planetary 

health are deeply connected (Palandri et al., 2024a; Rocca et al., 2025). Early 

childhood diets drive pressures on environment and climate, yet climate and 

environment may harm (and is already harming) children.  These papers explored 

both what children eat (and the environmental footprint thereof) and how social 

systems (parents, schools, pediatricians) influence transitions toward 

sustainable, health-protective diets. 

By situating child nutrition in a planetary health frame, these works extended my 

dissertation’s trajectory from spatial and environmental epidemiology (Chapter 

1) into exposure via diet, processed through social systems, with implications for 

both child health and ecological burden. In what follows, I present my author’s 

contributions and the full abstract of the manuscripts, the full text of which you 

may find in the following chapters. All the manuscript presented in this chapter 

were published in peer-reviewed journals. As the second manuscript (Rocca et 

al., 2025) was published in Italian, with the intent of reaching and informing the 

local community and healthcare professionals, the original version is presented 

here together with a summary of its principal results. 

4.0.1 Investigating Eating Habits of Children Aged between 6 Months and 3 

Years in the Provinces of Modena and Reggio Emilia: Is Our Kids’ Diet 

Sustainable for Their and the Planet’s Health? 

Lucia Palandri, Laura Rocca, Maria Rosaria Scasserra, Giacomo Pietro Vigezzi, 

Anna Odone, Lorenzo Iughetti, Laura Lucaccioni and Elena Righi 

Journal: Healthcare 

Doi: https://doi.org/10.3390/healthcare12040453   

My contributions: Being the first and corresponding author I contributed to the 

conceptualization and design of the study, coordinated and supervised data 

https://doi.org/10.3390/healthcare12040453
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collection, wrote the initial manuscript as performed analysis and critical 

interpretation of results. 

Abstract 

A healthy and balanced diet is crucial for children’s well-being and aids in 

preventing diet-related illnesses. Furthermore, unhealthy dietary habits indirectly 

impact children’s health, as the food industry stands as one of the primary drivers 

of climate change. Evidence shows the Mediterranean diet is sustainable for both 

children’s and the planet’s health. The aim of this cross-sectional study was to 

evaluate the eating habits of children aged between 6 months and 3 years, in the 

province of Modena and Reggio Emilia, in Italy, along with their adherence to the 

guidelines for a healthy diet and examine the role of pediatricians in promoting 

knowledge about nutrition and sustainability. In our sample (218 children), most 

children exceeded the recommended meat and cheese intake, while consuming 

insufficient amounts of vegetables, fruit, and legumes. Vegetable and fruit 

consumption declined with the increase in age category while eating sweets, soft 

drinks, and processed food increased. Incorporating school meals’ data into this 

analysis, we observed a modification in dietary compliance, characterized by an 

increase in meat and cheese consumption, alongside improvements in the intake 

of vegetables, fruits, fish, eggs, and legumes. This study suggests that supporting 

an integrated approach that combines social and educational initiatives is 

crucial. Future research should prioritize fostering sustainable eating habits 

within communities to facilitate dietary habits’ transformation and encourage 

healthier lifestyles. 

 

4.0.2 What Italian children usually eat: how to harm ourselves and the 

environment  

[Cosa mangiano i nostri bambini: come far male a se stessi e anche 

all’ambiente. Consapevolezza dei genitori, ruolo del sistema scolastico e 

del pediatra nella transizione verso diete sane e sostenibili] 

Laura Rocca, Laura Lucaccioni, Francesco Leo, Daniela Azzalini, Barbara Predieri, 

Viola Trevisani, Elena Righi, Lorenzo Iughetti, Lucia Palandri 

Journal: Medico e Bambino 
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Doi: https://doi.org/10.53126/MEB44305  

 

 

My contributions: Being the last author I contributed to the conceptualization and 

design of the study, coordinated and supervised data collection, performed 

analyses and supervised critical interpretation of results. I supervised the writing 

of the initial draft and revised the final version. 

Abstract 

Background. The growth of the human population and expanding consumption 

patterns are among the primary causes of climate change and its health effects. 

The food system significantly contributes to climate change, as it is responsible 

for 26% of CO2 emissions, uses 50% of habitable land and 70% of water 

resources and causes biodiversity loss. Animal-based and processed foods have 

a greater environmental impact, and the widespread adoption of a western diet 

is unsustainable for both the planet and human health. Materials and methods. 

This study examined the dietary habits of a pediatric sample (aged: 6 months-14 

years) to assess adherence to guidelines by focusing on the consumption of 

high-impact foods. It also analysed whether school canteens promote a 

sustainable and healthy diet and assessed parents’ awareness of these issues 

and the role of pediatricians in disseminating this information, as well. Results. 

The results showed an excessive consumption of meat (68%) and dairy products 

(49%), making the diet unsustainable for both human and planetary health. The 

school system, while promoting overall healthy eating, increases the 

consumption of high-impact foods already excessively consumed at home. 

There is a lack of parental awareness about what a healthy diet and its 

environmental impact are, topics that are also under-addressed by pediatricians. 

The paper highlights the need for better training for pediatricians to promote 

healthy and sustainable diets. 

  

https://doi.org/10.53126/MEB44305
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4.1 INVESTIGATING EATING HABITS OF CHILDREN AGED BETWEEN 6 

MONTHS AND 3 YEARS IN THE PROVINCES OF MODENA AND REGGIO 

EMILIA: IS OUR KIDS’ DIET SUSTAINABLE FOR THEIR AND THE PLANET’S 

HEALTH? 

Lucia Palandri, Laura Rocca, Maria Rosaria Scasserra, Giacomo Pietro Vigezzi, 

Anna Odone, Lorenzo Iughetti, Laura Lucaccioni and Elena Righi 

Journal: Healthcare 

Doi: https://doi.org/10.3390/healthcare12040453   

  

https://doi.org/10.3390/healthcare12040453
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4.2  WHAT ITALIAN CHILDREN USUALLY EAT: HOW TO HARM OURSELVES AND 

THE ENVIRONMENT  

[Cosa mangiano i nostri bambini: come far male a se stessi e anche 

all’ambiente. Consapevolezza dei genitori, ruolo del sistema scolastico e 

del pediatra nella transizione verso diete sane e sostenibili] 

Laura Rocca, Laura Lucaccioni, Francesco Leo, Daniela Azzalini, Barbara Predieri, 

Viola Trevisani, Elena Righi, Lorenzo Iughetti, Lucia Palandri 

Journal: Medico e Bambino 

Doi: https://doi.org/10.53126/MEB44305  

4.2.1 English summary 

Background 

The article examines the environmental and health implications of Italian 

children’s diets, focusing on the connections between nutrition, sustainability, 

and pediatric well-being. It highlights that the global spread of Western-style 

diets, rich in animal-based and processed foods, has rendered both human and 

planetary health unsustainable. The food industry alone contributes about 26% 

of total CO₂ emissions, consumes 50% of habitable land, and utilizes 70% of 

freshwater resources. 

The study aimed to: 

1. Assess dietary habits of children aged 6 months to 14 years. 

2. Evaluate adherence to the Italian CREA 2018 Dietary Guidelines. 

3. Describe environmental sustainability of children’s diets, investigate 

parental awareness of sustainable nutrition and explore the role of 

pediatricians and schools in promoting sustainable diets. 

Methods 

A cross-sectional, questionnaire-based survey was conducted among 1,069 

families in Modena and Reggio Emilia. Parents provided information on children’s 

eating habits, demographics, and sustainability awareness. Responses were 

compared with national dietary guidelines, yielding adherence scores from 0 

(poor) to 14 (optimal). 

https://doi.org/10.53126/MEB44305
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Results 

Adherence to dietary guidelines was low: only 16% of children consumed 

recommended meat portions, while 68% exceeded them. Similar excesses were 

observed for dairy products (49%), whereas consumption of fruits, vegetables, 

and legumes was below recommended levels (39%, 48%, and 40%, respectively). 

School meals improved intake of plant-based foods but increased consumption 

of meat and cheese, maintaining a Westernized dietary profile. Parents 

demonstrated limited understanding of environmental impacts, overestimating 

packaging and transport while underestimating production. 42% of parents 

discussed nutrition with pediatricians at every visit, and 76% had never discussed 

sustainability during visits. 

Discussion 

The findings show that Italian children’s diets deviate substantially from the 

Mediterranean model and align with the Western dietary pattern. This shift, high 

in animal protein and saturated fats, contributes to obesity and environmental 

degradation. While parents value healthy and organic food, their actual 

consumption patterns do not align with these beliefs. Moreover, healthcare 

professionals often lack sufficient training in nutrition and sustainability, 

underscoring the need for enhanced pediatric education. 

Conclusions 

Ensuring sustainable diets for the pediatric population is a critical challenge. The 

Mediterranean diet remains the optimal model for combining nutritional 

adequacy and environmental sustainability. Pediatricians, as trusted health 

educators, must integrate sustainability into clinical counseling. The concept of 

planetary health should underpin pediatric and public health practice, recognizing 

that children’s health is inseparable from environmental health. 

Key Messages 

• Food production, rather than packaging or transport, is the main driver of 

environmental impact. 

• Overconsumption of meat and dairy renders current diets unsustainable for 

the child’s and for the planet’s health. 

• Parental understanding of healthy and sustainable eating remains limited. 
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• Pediatricians have a crucial educational role which requires specific training 

and engagement. 
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5 CHILDREN AND PHTHALATES, ARE WE DOING ENOUGH?  

5.0 INTRODUCTORY CHAPTER 

The third chapter addressed the issue of human exposure to phthalates, 

chemical compounds used in everyday consumer products and some of which 

are known toxicants, focusing both on the legislative context and on the potential 

health consequences of exposure during sensitive developmental periods. 

The chapter originated from two complementary studies that explored the topic 

from distinct but interrelated perspectives: the first aimed to systematize the 

European Union’s regulatory framework on phthalates and their substitutes; the 

second investigated early-life exposure to these compounds and its possible 

influence on neurodevelopment in infants. 

The first study analyzed the European regulatory context governing phthalates 

and selected substitutes (Palandri et al., 2025). Drawing on official institutional 

databases and documents from the European Commission, the European 

chemical Agency (ECHA), the European Food and Safety Authority (EFSA) and 

others, the study summarized existing restrictions and identified areas where 

regulation remained inconsistent or incomplete. Although the European Union 

had established one of the most advanced systems for chemical risk 

management, exposure to certain phthalates and alternative plasticizers 

persists, particularly among vulnerable populations such as children and 

pregnant women. The work highlighted the need for continuous legislative 

updating and harmonization to ensure effective protection. The second study 

examined early-life exposure to phthalates and its possible effects on infant 

neurodevelopment within the Modena Phthalates Cohort Study 

(MoPhCoS)(Lucaccioni et al., 2023). The study found widespread exposure and 

observed inverse associations between specific metabolites and developmental 

outcomes, particularly in male infants. These findings reinforced concerns about 

potential early neurotoxic effects of phthalates and the need for strengthened 

preventive policies. 

Together, these two works framed the dual perspective of the third chapter: the 

macro dimension of environmental and regulatory determinants, and the micro 

dimension of biological and developmental consequences. By linking legislative 
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frameworks to biological evidence, the chapter highlighted how public health 

protection against endocrine disruptors requires an integrated approach 

combining epidemiological surveillance, laboratory research, and regulatory 

action. Ultimately, the chapter contributed to strengthening the rationale for 

preventive policies targeting maternal and child exposure, aligning scientific 

evidence with the European commitment to safeguarding future generations.  

In what follows, I present my author contributions and the full abstract of the 

manuscripts. You will find the full text of the papers in the following paragraphs. 

All the manuscript presented in this chapter were submitted in peer-reviewed 

journals. The first has been accepted for publication (October 27th, 2025) while 

the second has been published. 

 

5.0.1 Regulatory Framework of Phthalates and two common alternatives: a 

review of the European Union legislation 

Palandri Lucia, Monti Marco, Scasserra Maria Rosaria, Camilla Lugli, Marco Fasano, 

Laura Lucaccioni, Righi Elena 

Journal: International Journal of Hygiene and Environmental Health 

Doi: https://doi.org/10.1016/j.ijheh.2025.114704   

My contributions: As first and corresponding author, I conceptualized and 

designed the study, coordinating and supervising data collection as well as 

reviewing phthalate legislation. I critically analyzed and interpreted the data and 

contributed to the drafting of the initial manuscript. 

Abstract 

Background Globalized supply chains make it harder to regulate hazardous 

chemicals in products. These include some phthalates with reproductive and 

developmental toxicity that maybe found in a variety of products. The European 

Union (EU) was among the first economies to implement policies to limit their 

use, yet vulnerable populations (children, pregnant women) are exposed to 

restricted phthalates. Phthalates’ regulation varies significantly by product or 

chemical compound, but literature lacks systematization of current EU 

legislation.  Methods We examined EU regulatory framework for 19 major 

phthalates (DMP, DEP, DPrP, DiPrP, DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, DHxP, 

https://doi.org/10.1016/j.ijheh.2025.114704
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DCHP, DHpP, DEHP, DHNUP, DPHP, DnOP, DiNP, DiDP) and 2 substitutes (DINCH, 

DEHTP). We reviewed official institutional websites and regulatory agencies to 

assess uses and bans in food contact materials (FCMs), toys and childcare 

articles, cosmetics, and medical devices. Results The European Chemical 

Agency (ECHA) is the main authority supervising chemical use in the EU and 

regulates phthalates mainly through the Registration, Evaluation, Authorization 

and Restriction of Chemicals (REACH) regulation. Most reviewed phthalates are 

severely restricted in FCMs. Phthalates classified as toxic for reproduction are 

limited in toys and childcare articles above 0.1% by weight; they are banned in 

cosmetics and restricted in medical devices.  Conclusions The EU has reduced 

exposure to phthalates through stringent regulations, effectively protecting 

newborns and infants. However, gaps remain, as many everyday items, like food 

packaging, may still represent sources of exposure. Ongoing regulatory revisions 

and international cooperation are essential to ensure safer cross-border 

commerce and international compliance, to further reduce phthalate exposure 

and protect public health. 

5.0.2 Perinatal and postnatal exposure to phthalates and early 

neurodevelopment at 6 months in healthy infants born at term 

Laura Lucaccioni, Lucia Palandri, Erica Passini, Viola Trevisani, Filippo Calandra 

Buonaura, Natascia Bertoncelli, Giovanna Talucci, Angela Ferrari, Eleonora Ferrari, 

Barbara Predieri, Fabio Facchinetti, Lorenzo Iughetti and Elena Righi 

Journal: Frontiers in Endocrinology 

Doi: https://doi.org/10.3389/fendo.2023.1172743 

My contributions: As co-first author, I conceptualized and designed the study, 

coordinating and supervising data collection as well as contributing actively to 

data collection. I performed data analyses and critically analyzed and interpreted 

results. I contributed to the drafting of the initial manuscript. 

Abstract 

Background: Phthalates are non-persistent chemicals largely used as 

plasticizers and considered ubiquitous pollutants with endocrine disrupting 

activity. The exposure during sensible temporal windows as pregnancy and early 

childhood, may influence physiological neurodevelopment. Aims and Scope: The 

aim of this study is to analyze the relationship between the urinary levels of 

https://doi.org/10.3389/fendo.2023.1172743
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phthalate metabolites in newborn and infants and the global development 

measured by the Griffiths Scales of Children Development (GSCD) at six months. 

Methods: Longitudinal cohort study in healthy Italian term newborn and their 

mothers from birth to the first 6 months of life. Urine samples were collected at 

respectively 0 (T0), 3 (T3), 6 (T6) months, and around the delivery for mothers. 

Urine samples were analyzed for a total of 7 major phthalate metabolites of 5 of 

the most commonly used phthalates. At six months of age a global child 

development assessment using the third edition of the Griffith Scales of Child 

Development (GSCD III) was performed in 104 participants. Results: In a total of 

387 urine samples, the seven metabolites analyzed appeared widespread and 

were detected in most of the urine samples collected at any time of sampling 

(66-100%). At six months most of the Developmental Quotients (DQs) falls in 

average range, except for the subscale B, which presents a DQ median score of 

87 (85-95). Adjusted linear regressions between DQs and urinary phthalate 

metabolite concentrations in mothers at T0 and in infants at T0, T3 and T6 

identified several negative associations both for infants’ and mothers especially 

for DEHP and MBzP. Moreover, once stratified by children’s sex, negative 

associations were found in boys while positive in girls. Conclusions: Phthalates 

exposure is widespread, especially for not regulated compounds. Urinary 

phthalate metabolites were found to be associated to GSCD III scores, showing 

inverse association with higher phthalate levels related to lower development 

scores. Our data suggested differences related to the child’s sex. 
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5.1 REGULATORY FRAMEWORK OF PHTHALATES AND TWO COMMON 

ALTERNATIVES: A REVIEW OF THE EUROPEAN UNION LEGISLATION  

Palandri Lucia, Monti Marco, Scasserra Maria Rosaria, Camilla Lugli, Marco Fasano, 

Laura Lucaccioni, Righi Elena 

Journal: International Journal of Hygiene and Environmental Health 

Doi: https://doi.org/10.1016/j.ijheh.2025.114704   

Keywords 

Regulatory Framework, legislation, Endocrine disruptors, phthalates, Europe 

 

Highlights  

- EU regulates phthalates use in consumer products via REACH, supervised 

by ECHA. 

- Phthalates are restricted in FCMs, childcare articles, cosmetics, and 

medical devices. 

- Regulations reduce phthalate exposure in newborns/infants, but older 

children remain exposed. 

- Ongoing regulatory revisions essential to further reduce phthalate 

exposure. 

  

https://doi.org/10.1016/j.ijheh.2025.114704
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5.1.1 Graphical Abstract 
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5.1.2 Introduction 

 
Phthalates are a class of chemical compounds, diesters of ortho-phthalic acid, 

used worldwide in the production of many industrial and everyday products as 

plasticizers, stabilizers and preservatives. 

These chemicals therefore are commonly found in most plastic objects, including 

children’s toys, childcare articles, packaging for food and drinks, and in personal 

care products, cosmetics, perfumes. They are also added to textiles like clothing 

and footwear, as well as in medical devices and pharmaceuticals. In 

construction, phthalates are incorporated in a variety of building materials, such 

as vinyl wall and floor coverings, pipes, roofing materials, and electrical cables. 

They are used in automotive components, lubricating oils, and paints, underlining 

their versatility and extensive use across multiple sectors (Table 1). As a result, 

they have become so integrated in our lives that avoiding being exposed to them 

is challenging. 

 
 
 

Category Uses of Phthalates and their substitutes 

Plastics 

Used as plasticizers to make polyvinyl chloride (PVC) more flexible and 

durable, employed in electrical cables, pipes, carpets, films, toys, and 

household products. 

Food Packaging 

Materials 

Found in food wraps, containers, and packaging to provide elasticity 

and transparency. 

Toys and Childcare 

Articles 
Incorporated into soft plastic toys and childcare items 

Cosmetic Products 

Found in perfumes, nail polishes, hair sprays, and lotions, where they 

help stabilize fragrances, improve the consistency of the product or are 

used as solvents. 

Medicines and Medical 

Devices 

Used in the plastics of some medical devices, such as blood 

transfusion bags, dialysis tubing, and catheters, to enhance flexibility. 

Used as preservatives for blood storage. 

Textile Industry 
Applied in the plastic coatings of waterproof fabrics, such as shower 

curtains, rainwear, and furniture coverings. 

Building Materials 
Included in products like vinyl flooring, adhesives, sealants, gaskets, 

and wall coverings to improve workability and durability. 

Automotive Industry 
Used in car interiors, including plastic trim, upholstery, sealants, and 

paints, to provide flexibility and resistance. 

Electronics Used in cable coatings, seals, and flexible plastic components. 

Industrial Products 
Added to lubricants, industrial oils, adhesives, and solvents to enhance 

product performance. 
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Table 1. Main uses of Phthalates and their substitutes in consumer products (ECHA, 2022). 

 
Phthalates do not form chemical bonds with the products they are added to, 

allowing them to migrate, leach and volatilize, resulting in exposure via ingestion, 

inhalation or skin contact.  

For instance, high molecular weight phthalates used in the manufacture of 

Polyvinyl Chloride (PVC) food packaging and equipment used for food 

processing, are lipophilic and can be detected at high concentrations in fatty 

food, especially meat and dairy products, and their migration into food can be 

accentuated by heating and prolonged use of plastic containers (Pacyga et al., 

2019). A study conducted in 2021 in Portugal (Perestrelo et al., 2021), detected 

measurable levels of phthalates in food packaging, specifically phthalates like 

butyl-benzyl phthalate (BBP), di-iso-butyl phthalate (DiBP) and di-n-octyl 

phthalate (DnOP) showing how food contact materials (FCMs) might serve as a 

source of food contamination. Cosmetics might serve as an exposure source 

both directly and indirectly (Orecchio et al., 2015). Migration of phthalates from 

PVC packaging into shower and bath gels was detected in Basel showing how 

packaging as well might contribute to phthalate exposure (Amberg-Müller et al., 

2010). Over the last decade, phthalates in medical devices have gathered 

significant attention, due to the potential health effects associated with these 

compounds. Tubing, blood bags and other equipment have been associated with 

higher concentrations of phthalates in critically ill patients and neonates (Jenkins 

et al., 2021; Malarvannan et al., 2019; Razatos et al., 2022). 

Some phthalates are associated with various disorders (Lucaccioni et al., 2021), 

but mainly they are known as Endocrine Disruptor Chemicals (EDC) for humans, 

as they can mimic hormones and interfere with hormonal functions with adverse 

effects on reproductive health, sexual development, affecting estrogen and 

testosterone levels (Furr et al., 2014; Kortenkamp and Koch, 2020), and altering 

thyroid hormone concentrations. Prenatal exposure is related to preterm birth 

(Welch et al., 2022), low birth weight and gestational diabetes in their mothers 

(Qian et al., 2020). Given their widespread it is difficult to study their effects on 

health, furthermore the existence of a threshold for the adverse effect of 

chemicals for endocrine disruption is debated. While Belmaker et al. (Belmaker 

et al., 2024) suggest there is likely no safe level of exposure to EDCs, this view is 
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contested, by Brescia (Brescia, 2020) arguing that thresholds of adversity exist in 

biology and that they are applicable to EDCs. 

These implications on human health underscores the need both for research and 

regulatory interventions about phthalates (Maffini et al., 2021).  

The European Union (EU) is the second largest economy in the world according 

to the International Comparison Program (ICP), accounting for 18%, of the Global 

Gross Domestic Product (GDP) (European Parliament, 2024) and was among the 

first economies worldwide to restrict toxic phthalate use in consumer products, 

specifically children’s toys with the Commission Decision 1999/815/EC 

(European Commission, 1999). Since then, economies worldwide have started to 

restrict the use of these compounds. 

Even though more stringent restrictions have been implemented over time, 

encompassing a broader range of consumer products in the EU, phthalates 

regulation varies significantly depending on the product or on the chemical 

compound, resulting in phthalates classified as toxicants being strictly regulated 

while others remain unregulated as their toxicological profiles provide no 

justification for regulation. 

Literature lacks evidence that systematizes the European regulatory framework 

on phthalates. To the best of our knowledge, only two studies may be found in 

literature. The first gives a general description on regulatory actions against 

phthalates but dates back to 2009 (Kamrin, 2009), the other published in 2025 

contains a detailed list of the current classification and labelling status of 

phthalates in the EU (Kasper-Sonnenberg et al., 2025). The aim of this review, 

therefore, is to provide a comprehensive overview of the current state of 

European legislation on phthalates. By compiling, analyzing and summarizing the 

regulatory framework and the key phthalate regulations, the aim is to provide an 

informed basis for understanding the complexities of the legislation and 

identifying potential normative gaps that might explain the current levels of 

everyday exposure for the general population.  

While this review focuses primarily on ortho-phthalates, we also address two 

common alternatives including bis(2-ethylhexyl) terephthalate (DEHTP) and 

diisononylcyclohexane-1,2-dicarboxylate (DINCH), which possess fundamentally 

different chemical structures and toxicological profiles. Despite these structural 
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distinctions, these compounds share the comparable function as plasticizers 

and similar applications in consumer products. 

5.1.3  Methods and Materials 

To assess the relevant available regulatory information on phthalates, we 

conducted an online research on institutional platforms and official websites of 

the main specialized regulatory agencies operating in the EU including the 

European Commission (EC), the European Chemical Agency (ECHA), and the 

European Food Safety Authority (EFSA) to identify the correct regulation that 

applied to the selected phthalates and consumer products. 

We searched for applicable regulations, guidelines for use, and specific 

restrictions or bans to investigate the regulatory status of nineteen of the major 

phthalates currently in use and two substitutes (Frederiksen et al., 2022; Gericke 

et al., 2024a):  

• Dimethyl phthalate (DMP),  

• Diethyl phthalate (DEP), 

• Dipropyl phthalate (DPrP), 

• Diisopropyl phthalate (DiPrP), 

• Bis(2-methoxyethyl) phthalate (DMOEP), 

• Dibutyl phthalate (DBP), 

• Diisobutyl phthalate (DiBP), 

• Dipentyl phthalate (DPeP), 

• Diisopentyl phthalate (DiPeP), 

• Butyl benzyl phthalate (BBP),  

• Dihexyl phthalate (DHxP), 

• Dicyclohexyl phthalate (DCHP), 

• Diheptyl phthalate (DHpP), 

• Bis(2-ethylhexyl) phthalate (DEHP),  

• 1,2-Benzenedicarboxylic acid, di-C7-11-branched and linear alkyl esters 

(DHNUP) 

• Bis(2-propylheptyl) phthalate (DPHP), 

• Di-n-octyl phthalate (DnOP),  

• Diisononyl phthalate (DiNP),  

• Diisodecyl phthalate (DiDP),  
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• Diisononylcyclohexane-1,2-dicarboxylate (DINCH), 

• bis(2-ethylhexyl) terephthalate (DEHTP). 

The main features of the investigated chemicals are reported in Table 2.  

Name Abb. 
CAS-
Numbe
r 

IUPAC 
Name 

Alkyl 
chains 
total 
carbon 
count 

Alkyl 
chains 
length 

Properties of 
Concern 

Phthalates    
  

 

Dimethyl 
phthalate 

DMP 131-11-3 
1,2-dimethyl 
benzene-1,2-
dicarboxylate 

1 1-1 
No hazards have been 
classified 

Diethyl 
phthalate 

DEP 84-66-2 
1,2-diethyl 
benzene-1,2-
dicarboxylate 

2 2-2 
No hazards have been 
classified 

Dipropyl 
phthalate 

DPrP 131-16-8 
1,2-dipropyl 
benzene-1,2-
dicarboxylate 

3 3-3 
No hazards have been 
classified 

Diisopropyl 
phthalate 

DiPrP 605-45-8 

1,2-
bis(propan-
2-yl) 
benzene-1,2-
dicarboxylat
e 

3 2-2 
No hazards have been 
classified 

Bis(2-
methoxyethyl) 
phthalate 

DMOE
P 

117-82-8 

1,2-bis(2-
methoxyethyl
) benzene-
1,2-
dicarboxylate 

3 2-2 

Toxic for reproduction. 
 
May damage the unborn 
child and is suspected of 
damaging fertility 
(H360Df). 

Dibutyl 
phthalate 

DBP 84-74-2 

1,2-dibutyl 
benzene-1,2-
dicarboxylat
e 

4 4-4 

Toxic for reproduction, 
endocrine disruptor. 
 
May damage the unborn 
child and is suspected of 
damaging fertility 
(H360Df). 
 
Very toxic to aquatic life 
(H400). 

Diisobutyl 
phthalate 

DiBP 84-69-5 

1,2-bis(2-
methylpropy
l) benzene-
1,2-
dicarboxylat
e 

4 3-3 

Toxic for reproduction, 
endocrine disruptor. 
 
May damage the unborn 
child and is suspected of 
damaging fertility 
(H360Df). 

Dipentyl 
phthalate 

DPeP 131-18-0 
1,2-dipentyl 
benzene-1,2-
dicarboxylate 

5 5-5 

Toxic for reproduction. 
 
May damage fertility. May 
damage the unborn child 
(H360FD).  
 
Very toxic to aquatic life 
(H400). 
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Diisopentyl 
phthalate 

DiPeP 605-50-5 

1,2-bis(3-
methylbutyl) 
benzene-1,2-
dicarboxylate 

5 4-4 

Toxic for reproduction. 
 
May damage fertility. May 
damage the unborn child 
(H360FD).  
 
Very toxic to aquatic life 
(H400). 
 

Butyl benzyl 
phthalate 

BBP 85-68-7 

1-benzyl 2-
butyl 
benzene-1,2-
dicarboxylat
e 

4-7 4-7 

Toxic to reproduction, 
endocrine disruptor. 
 
May damage the unborn 
child and is suspected of 
damaging fertility 
(H360Df). 
 
Very toxic to aquatic life 
(H400). 
 
Very toxic to aquatic life 
with long lasting effects 
(H410).  
 

Dihexyl 
phthalate 

DHxP 84-75-3 
1,2-dihexyl 
benzene-1,2-
dicarboxylate 

6 6-6 

Toxic for reproduction. 
 
May damage fertility. may 
damage the unborn child 
(H360FD). 

Dicyclohexyl 
phthalate 

DCHP 84-61-7 

1,2-
dicyclohexyl 
benzene-1,2-
dicarboxylate 

6-ring 6-ring -6-ring 

Toxic to reproduction. 
 
May damage the unborn 
child (H360D). 
May cause allergic skin 
reaction (H317). 
 

 
5.1.4 Diheptyl 

phthalat
e 

DHpP 
3648-21-

3 

1,2-diheptyl 
benzene-1,2-
dicarboxylate 

7 7-7 
 
No hazards have been 
classified.  

Bis(2-
ethylhexyl) 
phthalate 

DEHP 117-81-7 

1,2-bis(2-
ethylhexyl) 
benzene-1,2-
dicarboxylat
e 

8 6-6 

Toxic to reproduction, 
endocrine disruptor. 
 
 
May damage fertility. May 
damage the unborn child 
(H360FD). 

1,2-
Benzenedicar
boxylic acid, 
di-C7-11-
branched and 
linear alkyl 

DHNU
P 

68515-
42-4 

1,2-
Benzenedicar
boxylic acid, 
di-C7-11-
branched and 
linear alkyl 
esters 

7-11 6-10 

Toxic for reproduction. 
 
May damage the unborn 
child and is suspected of 
damaging fertility 
(H360Df). 

Bis(2-
propylheptyl) 
phthalate 

DPHP 
53306-

54-0 

1,2-bis(2-
propylheptyl) 
benzene-1,2-
dicarboxylate 

10 6-7 
No hazards have been 
classified. 

Di-n-octyl 
phthalate 

DnOP 117-84-0 

1,2-dioctyl 
benzene-1,2-
dicarboxylat
e 

8 8-8 
No hazards have been 
classified.  

Diisononyl 
phthalate 

DiNP 

(DiNP 1) 
68515-

48-0 
(DiNP 2) 
28553-

12-0  

1,2-bis(7-
methyloctyl) 
benzene-1,2-
dicarboxylat
e 

8-10 
 

9 

6-10 
 

7-9 

No hazards have been 
classified.  
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Diisodecyl 
phthalate 

DiDP 

68515-
49-1 

26761-
40-0* 

 

1,2-bis(8-
methylnonyl
) benzene-
1,2-
dicarboxylat
e 

9-11 
 

10 

7-11 
 

8-10 

No hazards have been 
classified.  

Substitutes 

Diisononylcycl
ohexane-1,2-
dicarboxylate 

DINCH 
166412-

78-8 

Di-isononyl-
cyclohexane-
1,2-
dicarboxylate 

9 7-9 
No hazards have been 
classified 

bis(2-
ethylhexyl) 
terephthalate 

DEHTP 
6422-86-

2 

1,4-bis(2-
ethylhexyl) 
benzene-1,4-
dicarboxylate 

8 6-6 
No hazards have been 
classified 

 
Table 2. Chemical properties and health properties of concerns of the reviewed phthalates and two common 
substitutes (ECHA, 2022; Kasper-Sonnenberg et al., 2025). In parenthesis the hazard statement code 
according to Regulation (EC) No 1272/2008 (CLP)(European Commission, 2025a).Abb.: abbreviation, FCMs: 
food contact materials. *No longer produced in EU. 

 

Search Strategy 

The regulatory search was conducted by three independent reviewers (MM, MF, 

MRS), who performed an initial screening. A second screening and verification of 

the identified regulations were carried out by two additional reviewers (LP and 

CL, with oversight by LL). The search was performed on official institutional 

websites using specific keywords, including the name of each phthalate listed in 

Table 2, the term “phthalat*” or “benzene-1,2-dicarboxylic acid esters of alcohols” 

and the corresponding CAS numbers, which serve as unique identifiers for 

chemical substances. Any occurrence of the selected substances within legal or 

regulatory documents was documented and synthesized in the Results section. 

We primarily relied on the English versions of laws, regulations, and official 

reports, issued by the competent agencies responsible for overseeing and 

regulating specific substances or materials as English is the most spoken 

language globally, used in 186 countries (Ethnologue, 2024).  

In our review, we decided to focus specifically on the products commonly used 

in household settings and everyday life, excluding construction products, 

automotive components, lubricants, paints, and electrical cables, as these are 

generally governed by different regulatory frameworks. To focus on consumer 

goods that are more relevant for the general population, we selected four main 

categories, ensuring that our research addressed practical and everyday 

exposure to phthalates: 
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a. FCMs,  

b. Toys and Childcare Products,  

c. Cosmetic Products,  

d. Medical Devices.  

This study was conducted between November 1, 2023, to January 31, 2025, and 

updated September 15, 2025. 

5.1.5 Results 

 
The legislation governing phthalates and two common substitutes in the EU was 

freely accessible in multiple languages.  

The result section is organized as follows: we discuss the regulatory framework 

governing phthalate regulation, followed by an examination of the specific 

regulation applied to phthalates for each investigated consumer category.  

A summary of phthalate types of restrictions in the EU may be found in table 3 

while table 4 reports the regulatory framework, and the specific regulations and 

restrictions promulgated for each consumer product category. 

 
FOOD CONTACT 

MATERIALS 

TOYS – CHILDCARE 

ARTICLES 
COSMETIC PRODUCTS MEDICAL DEVICES 

 BANNED RESTRICTED  
NOT 

RESTRICTED 
BANNED RESTRICTED  

NOT 

RESTRICTED 
BANNED RESTRICTED  

NOT 

RESTRICTED 
BANNED RESTRICTED  

NOT 

RESTRICTED 

DMP   X   X   X   X 

DEP   X   X   X   X 

DPrP   X   X   X   X 

DiPrP   X   X   X   X 

DMOEP  X   X  X    X  

DBP  X   X  X    X  

DiBP  X*   X  X    X  

DPeP  X   X  X    X  

DiPeP  X   X  X    X  

BBP  X   X  X    X  

DHxP  X   X  X    X  

DCHP  X   X  X    X  

DHpP   X   X   X   X 

DEHP  X   X  X    X  

DHNUP  X   X  X    X  

DPHP   X   X**   X   X 

DnOP   X  X    X   X 

DiNP  X   X    X   X 
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DiDP  X   X    X   X 

DINCH   X   X   X   X 

DEHTP   X   X   X   X 

Table 3. Restrictions in the use of reviewed phthalates and two common substitutes adopted in the EU for 

different everyday consumers goods. For phthalates abbreviations refer to table 2. Banned: prohibited from 

use in specified products, Restricted: may be used only within defined concentration limits or specific 

conditions. Not restricted: no regulatory limitations on their use. *DiBP is not listed as an authorized 

substance for FCMs. However, it may co-occur with other phthalates as a consequence of its use 

as an aid to polymerization and is included in group restrictions. **DPHP is a plasticizer only for 

technical applications, not restricted but use in toys and childcare products not supported by producers 

(BASF, 2025; Perstorp, 2023). 

  



 

 
 

Consumer Product 
Category 

Regulation Acts Types of restrictions 

General European Regulation 

Regulation (EC) 
1907/2006  
(REACH) 

 
Establishes ECHA. 
Regulates the production or import of phthalates into the European Economic Area 

Regulation (EC) 
1272/2008 (CLP) 

 

Implements in the EU the United Nations’ Globally Harmonized System of Classification and Labelling of 
Chemicals (GHS), requiring companies to classify, label and package chemicals before placing them on 
the market 

Food contact materials 
(FCMs) Regulation 

Regulation (EC) 450/2009 
Article 
5(2)(c)(i) 

Prohibits the use of substances classified as ‘mutagenic’, ‘carcinogenic’, or ‘toxic to reproduction’ in food 
contact active and intelligent materials, therefore: DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, DHxP, DCHP, 
DEHP, DHNUP. 

Regulation (EU) 10/2011  Annex I 

Specifies the EU list of substances that are authorized for the manufacture of plastic FCMs.  
 
DEHP and DBP may be used as plasticizer in repeated use materials and articles contacting non-fatty 
foods or as technical support agent in concentrations up to 0.1 % for DEHP and 0.05% for DBP in the final 
product.  
 
BBP, DiNP and DiDP are restricted to be only used as plasticizer in repeated use materials and articles 
contacting non-fatty foods, plasticizer in single-use materials and articles contacting non-fatty foods 
except for infant formulae and follow-on formulae or as technical support agent in concentrations up to 
0.1 % in the final product.  
 
Establishes the SML 

Regulation (EU) 
2023/1442 
(effective from February 1, 2025) 

Annex I 

Amends EU Regulation 10/2011 Annex I modifying SML: 
DEHP: SML 0.6 (mg/kg), SML(T) group restriction n. 32: 60 mg/kg and n. 36: 0.6 mg/kg; 

BBP: SML 6 (mg/kg), SML(T) group restriction n. 32: 60 mg/kg and n. 36: 0.6 mg/kg; 

DBP: SML 0.12 (mg/kg) , SML(T) group restriction n. 32: 60 mg/kg and n. 36: 0.6 mg/kg; 

DiBP*, DiNP and DiDP are included in group restrictions n. 32 and 36 

DiNP: not to be used in combination with FCMs substances DBP, BBP, DEHP or DiDP 
 

Toys and 

Childcare Articles Regulation 

Regulation (EU) 
1907/2006  

Annex XVII – 
Entry 51 

DEHP, BBP, DBP, DiBP are prohibited from being used, individually or in combination, at concentrations 
equal to or greater than 0.1% by weight of the plasticized material, which includes materials such as PVC, 
PVDC, PVA, polyurethanes, and surface coatings. 
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Annex XVII - 
Entry 52  

DiNP, DiDP and DnOP shall not be used as substances or in mixtures, in concentrations greater than 0,1 
% by weight of the plasticized material, in toys and childcare articles which can be placed in the mouth by 
children 

Regulation  (EC) 
1272/2008 (CLP) 
 

Annex VI 

DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, DHxP, DCHP, DEHP, DHNUP are classified as reproductive toxicant 
category 1B and can be considered hazardous for the purposes of the General Product Safety and shall 
not be used, as substances or mixtures for supply to the general public when the individual concentration 
is equal to or greater than 0,1%. 

Cosmetics Regulation 
Regulation (EC) 
1223/2009 

Annex II 
DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, DHxP, DCHP, and DEHP are banned in all cosmetic products, sold 
or intended for use 

Medical Devices Regulation 

Regulation (EU) 2017/745 

Annex I, 
Chapter II, 
Section 10.4.1 
and Section 
10.4.3 

This regulation allows the use substances which are carcinogenic, mutagenic or toxic to reproduction or 
substances having endocrine-disrupting properties in medical devices at concentrations exceeding 0.1% 
of total weight only when there is an adequate justification provided for their use, therefore: DMOEP, DBP, 
DiBP, DPeP, DiPeP, BBP, DHxP, DCHP, and DEHP 

Regulation (EU) 2017/746 
Annex 1, 
Chapter III, 
Section 10.3 

This regulation requires that in vitro diagnostic medical devices for human use, shall be designed and 
manufactured to reduce to a level as low as reasonably practicable the risks posed by substances or 
particles that may be released from the device. Special attention shall be given to substances which are 
carcinogenic, mutagenic or toxic to reproduction and to substances having endocrine disrupting 
properties, therefore this includes: DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, DHxP, DCHP, and DEHP 

Regulation (EU) 
2023/2482 

Annex XIV 
Updated sunset date of DEHP in medical devices set up by EU Regulation 2017/745 moving it from May 
26, 2025, to July 1, 2030 

Table 4: Regulatory framework, regulations and restrictions for phthalates in each Consumer Product Category for the EU (last update: September, 17, 2025). 
For phthalates abbreviations refer to table 2. 
ECHA: European Chemical Agency, SML: Specific Migration limits; SML(T): Total specific migration groups. *note: DiBP is not listed as an authorized substance 
for FCMs. However, it may co-occur with other phthalates as a consequence of its use as an aid to polymerization and is included in group restrictions with the 
assignment FCM No 1085. 



 

 
 

5.1.5.1  EU Regulatory Framework 

EU regulations related to chemical substances are complex and elaborate. The 

main authority supervising the registration, authorization and restriction of use 

of chemicals in the EU is ECHA (Agency of the European Union, 2025), established 

in 2007 and operating with the aim of safeguarding both human health and the 

environment.  

Among the main regulatory instruments coordinated by ECHA is the 

Authorization and Restriction of Chemicals (REACH) Regulation (Registration, 

Evaluation, Authorization and Restriction of Chemicals) ((European Chemicals 

Agency) ECHA, 2024), which has been in force since June 1, 2007, under 

Regulation (EC) No. 1907/2006. The current consolidated version was published 

in on September 1st, 2025 (European Commission, 2025b). 

REACH regulation requires chemical companies to test new chemicals for human 

toxicity and assess the associated risks before their approval for marketing. The 

aim is to strengthen the protection of human health and the environment by 

progressively eliminating the use of dangerous substances unless safer 

alternatives are unavailable, and their use must be justified for specific purposes. 

This regulation also establishes timelines for companies, including the latest 

application dates (by which companies must apply for authorization) and sunset 

dates (after which the substance cannot be used without authorization). 

Furthermore, the REACH regulation requires that substance characterization, 

data on annual production volume, production process, physical chemical 

properties as well as ecotoxicological and toxicological profiles are provided to 

ECHA.  

Chemicals with scientific evidence of potential serious effects on human health 

or the environment are classified as Substances of Very High Concern (SVHCs) 

and require authorization prior to use (Annex XIV of REACH). Further, different 

assessment lists have been created including an Endocrine Disruptor 

Assessment List. Chemicals are included in the list if, starting from February 

2013, an informal hazard assessment for endocrine-disrupting properties is 

either under development or has been completed. If there is scientific evidence 
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of probable serious effects to human health or the environment, endocrine 

disruptors may be identified as SVHCs (ECHA, 2024a).  

Moreover, under the ECHA umbrella, the Prior Informed Consent (PIC) 

Regulation (ECHA, 2024b) governs the import and export of specific hazardous 

substances, especially those that are banned or severely restricted in the EU. To 

ensure clear communication of risks, the Classification, Labelling, and 

Packaging Regulation (EC) No 1272/2008 (CLP), consolidated version on 

September 1st, 2025 (ECHA, 2024c; European Commission, 2025a) regulates and 

harmonizes the classification and labelling of chemicals, helping workers and 

consumers in the EU to be aware of the hazards and risks related to chemicals 

products. CLP implements in the EU the United Nations’ Globally Harmonized 

System of Classification and Labelling of Chemicals (GHS). According to Annex 

VI - Part 3 of the CLP, a substance can be classified as carcinogenic, mutagenic 

or toxic for reproduction as follows:  

- Category 1A: human toxicant - classification based on human evidence  

- Category 1B: presumed human toxicant - classification based on animal 

evidence  

- Category 2: suspected human toxicant (not enough evidence to be placed 

in Category 1A or 1B). 

In addition to the comprehensive regulatory framework provided by ECHA, there 

are also more specific, sector-focused authorities that cooperate with it. For 

instance, when it comes to risks associated with the food chain, EFSA plays a key 

role (EFSA, 2021). Established in 2002 and funded by the EU, EFSA operates 

independently of EU institutions and member states to provide scientific advice 

and communication on food-related risks. In 2017, ECHA and EFSA established 

a comprehensive cooperation framework through a Memorandum of 

Understanding to enhance scientific collaboration, share data and expertise, 

coordinate risk assessments for chemical substances affecting food safety, and 

prevent conflicting opinions through regular consultation and joint activities. 

Additionally, the EC developed the CosIng (Cosmetic Ingredients) database 

(European Commission, 2024a), a comprehensive and updated tool about 

cosmetic ingredients used in EU. Primarily, CosIng serves as a reference and 

regulatory tool for manufacturers and consumers, facilitating adherence to 

Regulation (EC) No 1223/2009 (European Commission, 2019), the legislation 

governing cosmetic products in EU. This database identifies limitations, bans, or 
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safety assessments performed by the Scientific Committee on Consumer Safety 

(SCCS)(European Commission, 2025c), classifies cosmetic substances, and 

provides the standardized INCI (International Nomenclature of Cosmetic 

Ingredients) names, essential for proper cosmetic labelling within the EU, 

resulting in helping market surveillance, guaranteeing uniformity in ingredient 

labelling, and enhancing consumer protection. Furthermore, ECHA regulates 

drinking water since 2021 through the Drinking Water Directive. This directive 

established the minimum requirements for materials that are in contact with 

water meant for human consumption in EU (ECHA, 2025).  

Together, all these regulations and directives define a complete framework 

within the EU, aimed at managing chemical risks across all sectors. 

5.1.5.2 Phthalates, restrictions and two common substitutes  

5.1.5.2.1 Classification according to REACH regulation  

Phthalates are registered under the REACH Regulation and according to the 

results of the ongoing evaluations carried out under the REACH regulation 

umbrella (European Commission, 2024b), they are classified as follows (Table 5): 

-  DBP, DiBP, BBP, DEHP, are officially recognized in the EU as SVHC and 

included in the authorization list, under Annex XIV of REACH, due to their well-

documented reproductive toxicity and endocrine disrupting activities,  

- DMOEP, DPeP, DiPeP, DHxP and DHNUP are included in the authorization list, 

under Annex XIV of REACH, due to their documented reproductive toxicity, 

- DCHP is included in the candidate list of SVHC for authorization due to its 

reproductive toxicity and endocrine disrupting activities, 

- DCHP may cause allergic skin reactions. 

- DMOEP, DBP, DiBP, BBP and DHNUP may damage the unborn child and are 

suspected of damaging fertility, 

- DPeP, DiPeP, DHxP, DEHP may damage fertility and may damage the unborn 

child, 

- DCHP may damage fertility or the unborn child, 

- DBP, DPeP, DiPeP are recognized to be very toxic to aquatic life, 

- BBP is recognized to be very toxic to aquatic life with long lasting, 

- DMP, DEP, DPrP, DHpP, DPHP, DnOP, DiNP, DiDP, DINCH, DEHTP are under 

revision and up to now no hazards have been classified. 

 
Based on these evaluations the uses of DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, 

DHxP, DCHP, DEHP, DHNUP, DnOP, DiNP, and DiDP are regulated under Annex 
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XVII of REACH, which lists the restrictions on specific hazardous substances for 

their commercialization and use. 

DMOEP, DiBP, DPeP, DiPeP, BBP, DHxP, and DHNUP are also subjected to the 

Prior Informed Consent regulation (f - Annex I) (ECHA, 2024b) and to export 

notification procedure from April 2018. 

Furthermore, due to their hazardous classification, products containing DMOEP, 

DBP, DiBP, DPeP, DiPeP, BBP, DHxP, DCHP, DEHP and DHNUP must display 

appropriate hazard statements on their labels in accordance with the CLP 

Regulation (European Commission, 2025a). 

 DMP, DEP, DPrP, DiPrP, DHpP, DPHP, DINCH, DEHTP are not regulated by the 

previously mentioned regulations. 

 

 
Date of 

inclusion 
Reason for inclusion 

ECHA 

decision 

document 

BBP October 28, 2008 

Toxic for reproduction (Article 

57c) 

Endocrine disrupting properties 

(Article 57(f) - human health) 

EU/2017/4462 

ED/30/2017 

ED/67/2008 

 

DEHP October 28, 2008 

Toxic for reproduction (Article 

57c) 

Endocrine disrupting properties 

(Article 57(f) - environment) 

Endocrine disrupting properties 

(Article 57(f) - human health) 

EU/2017/4462 

ED/108/2014 

ED/30/2017 

ED/67/2008 

 

DBP October 28, 2008 

Toxic for reproduction (Article 

57c) 

Endocrine disrupting properties 

(Article 57(f) - environment) 

Endocrine disrupting properties 

(Article 57(f) - human health) 

EU/2017/4462 

ED(2023)8585-DC 

ED/30/2017 

ED/67/2008 

 

DiBP January 13, 2010 

Toxic for reproduction (Article 

57c) 

Endocrine disrupting properties 

(Article 57(f) - human health) 

EU/2017/4462 

ED/30/2017 

ED/68/2009 

 

DHNUP June 20, 2011 
Toxic for reproduction (Article 

57c) 
ED/31/2011 

DMOEP December 19, 2011 
Toxic for reproduction (Article 

57c) 
ED/77/2011 

https://echa.europa.eu/documents/10162/cfb492f3-424f-712c-130b-01c6e2d5074a
https://echa.europa.eu/documents/10162/dd4a532e-e277-5b52-9ba2-a94be60b7f17
https://echa.europa.eu/documents/10162/7cad31ee-4818-4166-9212-b39ca33240bb
https://echa.europa.eu/documents/10162/88c20879-606b-03a6-11e4-9edb90e7e615
https://echa.europa.eu/documents/10162/30b654ce-1de3-487a-8696-e05617c3173b
https://echa.europa.eu/documents/10162/3b0d2893-b8db-86b9-6db0-6e06dc9aa10e
https://echa.europa.eu/documents/10162/c2ecc989-445d-40b9-a054-28671849b092
https://echa.europa.eu/documents/10162/326a8103-bc47-fb36-0871-22b46ec9d66f
https://echa.europa.eu/documents/10162/94f8f2db-076b-b817-31ae-c14f487642e9
https://echa.europa.eu/documents/10162/2f10864f-e748-0e86-9bc4-2b3964fbdace
https://echa.europa.eu/documents/10162/d33fd29e-5170-440f-8c16-10ecd87cf472
https://echa.europa.eu/documents/10162/22021d20-ffe6-5b92-8961-4420d5788c06
https://echa.europa.eu/documents/10162/a956b752-1a1b-1316-6ed7-a01d09cd52cd
https://echa.europa.eu/documents/10162/8f861ec5-40ca-43d6-be8a-7bc22b96f84f
https://echa.europa.eu/documents/10162/e0602e69-f758-4eef-88c6-6e9c7a0359e6
https://echa.europa.eu/documents/10162/18fc6f65-fb18-4151-b737-45ba0aefb181


127 
 

DiPeP December 19, 2012 
Toxic for reproduction (Article 

57c) 
ED/169/2012 

DPeP June 20, 2013 
Toxic for reproduction (Article 

57c) 
ED/69/2013 

DHxP December 16, 2013 
Toxic for reproduction (Article 

57c) 
ED/121/2013 

DCHP June 27, 2018 

Toxic for reproduction (Article 

57c) 

Endocrine disrupting properties 

(Article 57(f) - human health) 

 

EU/2018/636 

ED/61/2018 

 

 
Table 5. Phthalates included in the Substances of Very High Concern (SVHC) list in order of date of inclusion, 
registration reason and ECHA (European Chemical Agency) decision document. For phthalates 
abbreviations refer to table 2 

 

5.1.5.2.2  Food Contact Materials 

FCMs are defined as materials and articles intended to come into contact with 

food. Since 2009, the use of substances classified as ‘mutagenic’, ‘carcinogenic’, 

or ‘toxic to reproduction’ (e.g.: DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, DHxP, 

DCHP, DEHP, DHNUP) has been prohibited in food-contact active and intelligent 

materials and articles, as specified in Article 5(2)(c)(i) of Regulation (EC) 

450/2009. Active materials are products used in packaged food with the aim of 

extending their shell life or to maintain their condition while intelligent materials 

are used to monitor the condition of the packaged food or the environment 

surrounding the food (European Commission, 2009). 

Annex I of Regulation (EU) 10/2011 (European Commission, 2011), and its 

amendments, specifies the EU list of substances that are authorized for the 

manufacture of plastic FCMs and, considering phthalates, DEHP and DBP are 

restricted only to be used as plasticizer in repeated use materials and articles 

contacting non-fatty foods or as technical support agent in concentrations up to 

0.1 % in the final product. BBP, DiNP and DiDP are restricted to be only used as 

plasticizer in repeated use materials and articles contacting non-fatty foods, or 

plasticizer in single-use materials and articles contacting non-fatty foods (with 

the exclusion of their use for infant formulae and follow-on or processed cereal-

based foods and baby foods for infants and young children) or technical support 

agent in concentrations up to 0.1 % in the final product.  

https://echa.europa.eu/documents/10162/917ec7f1-d611-4dad-8cf7-36c1ca07a400
https://echa.europa.eu/documents/10162/365998db-beb8-47b6-b080-ca5549397cd9
https://echa.europa.eu/documents/10162/d90bb47a-7e33-43c3-82ad-18a55d39d502
https://echa.europa.eu/documents/10162/8c434af5-cfbe-c87e-aa51-65893e385d1f
https://echa.europa.eu/documents/10162/2fe151f3-d425-cff3-fe31-d13c11afcc7a
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Annex I also has established for four phthalates (DEHP, BBP, DBP, DiDP and 

DiNP) the maximum allowable amount of a chemical substance (Specific 

Migration limits (SML)) or of a group of chemical substances (Total Specific 

Migration Limit (SML(T))) that can migrate from a material into food or other 

consumables under standard conditions of use, without exceeding safe levels. 

Limits are typically expressed in milligrams per kilogram (mg/kg) of food or 

beverage that comes into contact with the material. Groups of substances are 

identified based on similar health effects. 

These SML and SML(T) have been recently revised by the Regulation (EU) 

2023/1442 (European Commission, 2023a), amending Annex I of Regulation 

10/2011, published in the EU Official Journal on July 12, 2023 and in force 

starting from February 1 2025, based on up to date scientific opinions issued by 

EFSA (EFSA et al., 2022a, 2022b) that had prompted the EC to revise the list of 

authorized substances, improving clarity, and resolving ambiguities. 

The regulation revises and expands the authorization framework for substances 

used in the production of plastic FCMs, particularly regarding phthalates, and 

adds DiBP in two group restrictions (32 and 36). Nevertheless, FCMs plastic 

materials that comply with the pre-amendment regulation (Annex I of Regulation 

(EU) 10/2011) may still be sold, even after February 1, 2025, until the current 

stock is depleted. The specific and group migration limits set up by the two EU 

regulations are reported and compared in Table 6.  

Phthalate FCM No 
Annex I to Regulation (EU) 10/2011 

In force up to February 1, 2025 

Regulation (EU) 2023/1442 

amending Annex I to Regulation 

(EU) 10/2011 
In force starting from February 1, 

2025 

DEHP 283 

SML: 1.5 mg/kg  

 

SML(T) group restriction n. 32: 60 mg/kg  

SML: 0.6 mg/kg  

 

SML(T) group restriction n. 32: 60 

mg/kg 

SML(T) group restriction n. 36: 0.6 

mg/kg 

BBP 159 

30.0 mg/kg  

 

SML(T) group restriction n. 32: 60 mg/kg 

6.0 mg/kg  

 

SML(T) group restriction n. 32: 60 

mg/kg 

SML(T) group restriction n. 36: 0.6 

mg/kg 
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DBP 157 

SML: 0.3 mg/kg  

 

SML(T) group restriction n. 32: 60 mg/kg 

SML: 0.12 mg/kg  

 

SML(T) group restriction n. 32: 60 

mg/kg 

SML(T) group restriction n. 36: 0.6 

mg/kg 

DiBP 1085 Not listed as an authorized substance for FCMs 

Not listed as an authorized substance 

for FCMs. However, it may co-occur with 

other phthalates as a consequence of 

its use as an aid to polymerization and 

is included in group restrictions n. 32 

and n. 36 with the assignment FCM No 

1085.  

 

SML(T) group restriction n. 32: 60 

mg/kg 

SML(T) group restriction n. 36: 0.6 

mg/kg 

DiNP 728 
SML(T) group restriction n.26: 1.8 

SML(T) group restriction n.32: 60 mg/kg 

SML(T) group restriction n..26: 1.8 

mg/kg 

SML(T) group restriction n..32: 60 

mg/kg 

 

Not to be used in combination with 

FCMs substances DBP, BBP, DEHP, 

DiBP 

DiDP 729 
SML(T) group restriction n.26: 1.8 

SML(T) group restriction n.32: 60 mg/kg 

SML(T) group restriction n.26: 1.8 

SML(T) group restriction n.32: 60 mg/kg 

 
Table 6: Specific migration limits (SML) and Total specific migration groups (SML(T)) for phthalates set up 
by Regulation (EU) 10/2011 and Regulation (EU) 2023/1442 amendment of Annex I to Regulation (EU) 

10/2011. FCM No: substance identification number; SML: Specific Migration limits; SML(T): Total 
specific migration groups. For phthalates abbreviations refer to table 2.  

 

5.1.5.2.3 Toys and childcare articles 

The term childcare article refers to any product designed to facilitate sleep, 

relaxation, hygiene, feeding, or sucking for children such as pacifiers, baby 

bottles, cribs, and towels, all of which are used in the context of childcare. 

To protect newborn and infant health, the most vulnerable subgroups of the 

population, entry 51 of the Annex XVII to REACH Regulation restricts the use of 

specific phthalates, including DEHP, BBP, DBP, and DiBP, in the manufacturing, 

placing on the market, and use of certain materials and products. 

Specifically, these four phthalates are prohibited from being used, individually or 

in combination, at concentrations equal to or greater than 0.1% by weight of the 
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plasticized material, which includes materials such as PVC, PVDC (polyvinylidene 

dichloride), PVA (polyvinyl alcohol), polyurethanes, and surface coatings. 

Additionally, starting from July 2020, they shall not from be placed on the market 

in toys or childcare articles, individually or in combination, at the same 

concentration threshold.  

Further, entry 52 of Annex XVII prohibits the use of specific phthalates, including 

DiNP, DiDP, and DnOP, which shall not be used as substances or in mixtures, in 

concentrations greater than 0,1 % by weight of the plasticized material, in toys 

and childcare articles which can be placed in the mouth by children(e.g. teething 

ring or rattle), and any toy or childcare article containing these phthalates above 

this threshold is banned from being placed on the market (European Commission, 

2024b). According to ECHA guidelines, articles “which can be placed in the 

mouth” are defined as those that can actually be brought to and kept in the mouth 

by children for sucking and chewing, with key criteria being size (generally <5 cm 

in at least one dimension) and accessibility during normal or foreseeable use. 

(ECHA, 2014). 

Moreover, phthalates classified as reproductive toxicant category 1B in Part 3 of 

Annex VI to Regulation (EC) No 1272/2008 and listed in Appendix 6, Annex XVII 

to REACH Regulation, can be considered hazardous for the purposes of the 

General Product Safety Regulation (EU) 2023/988 (European Parliament, 2023). 

Therefore, DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, DHxP, DCHP, DEHP and DHNUP 

shall not be used, as substances or mixtures for supply to the general public when 

the individual concentration is equal to or greater than 0,1%.  

It is important to note that even if DPHP is a plasticizer only used for technical 

applications and is not restricted, its use in toys and childcare products is not 

supported by producers(BASF, 2025; Perstorp, 2023). 

5.1.5.2.4 Cosmetics 

Cosmetics are defined as any substance or mixture destined to be used on 

external surfaces of the human body (epidermis, hair, nail, lips and external 

genital organs) or on teeth or on the oral mucosa, with the purpose of cleaning 

them, perfuming them, changing their appearance, protecting them, keeping 

them in good condition or correcting body odors, as defined by the Regulation 
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(EU) 1223/2009 (European Commission, 2019) which is the primary regulatory 

framework for cosmetic products in EU. 

The regulation sets safety standards for cosmetics to protect consumers health 

and ensure product safety considering various aspects (from manufacturing 

methods to ingredient control, mandatory labelling information, and expert 

evaluations). For example, manufacturers must prepare a safety report before 

product market release and identify a person responsible for ensuring 

compliance with the regulation and in charge of reporting serious adverse effects 

to the competent authorities. Further, manufacturers are required to withdrawal 

and recall all non-compliant products. The regulation defines, as well, that the 

Member States should implement dissuasive and effective sanctions for non-

compliance. 

Annex II of this regulation contains the list of substances that are banned for 

marketing or use in cosmetics within the EU. To prevent skin absorption DMOEP, 

DBP, DiBP, DPeP, DiPeP, BBP, DHxP, DCHP, DEHP and DHNUP, are specifically 

banned in all cosmetic products, sold or intended for use.  

5.1.5.2.5 Medical Devices 

A Medical device is defined as any instrument, apparatus, software, or material 

intended for diagnosing, preventing, monitoring, treating, or alleviating diseases, 

injuries or disabilities, modifying anatomy or physiological processes, or 

providing information by in vitro examination of specimens derived from the 

human body, without achieving its primary effect through pharmacological, 

immunological, or metabolic means.  

Medical Devices placed on the European market must comply with Regulation 

(EU) 2017/745 (Medical Devices Regulation, MDR) (European Commission, 

2017) on medical devices, which has superseded Directive 93/42/EEC and came 

into effect on 26 May 2021. However, Article 120 of the Regulation allows for a 

transitional period during which medical devices, under certain conditions (such 

as those placed on the market before 26 May 2021), can continue to comply with 

the Directive. According to the fourth paragraph of Article 120, this transitional 

period concludes on 26 May 2025.  
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In vitro diagnostic medical devices for human use on the European market must 

comply with Regulation (EU) 2017/746 (European Commission, 2017), which has 

Directive 98/79/EC and Commission Decision 2010/227/EU.  

The Regulations (EU) 2017/745 and 2017/746 mandate the minimization of risks 

linked with the use of potentially harmful substances, classified as carcinogenic, 

mutagenic or toxic to reproduction or substances having endocrine-disrupting 

properties. Therefore, for phthalates, DMOEP, DBP, DiBP, DPeP, DiPeP, BBP, 

DHxP, DCHP, DEHP and DHNUP. This includes taking measures to limit 

phthalates’ release to patients as much as practicably possible. Specifically, this 

regulation permits the use of phthalates in medical devices including their parts 

and materials, that are invasive and directly contact the human body, 

(re)administer substances, or transport/store substances for (re)administration 

to the body, at concentrations exceeding 0.1% of total weight only when there is 

an adequate justification provided for their use (Annex I, Chapter II, Section 

10.4.1). According to MDR 2017/745 guidelines must be updated at least every 

five years, based on the latest scientific evidence (Annex I, Chapter II, Section 

10.4.3). 

Manufacturers are also required to provide clear labelling and information about 

the presence of DEHP in their products while they are encouraged to seek safer 

alternatives. Additionally, for medical devices containing DEHP, manufacturers 

must conduct a clinical risk assessment to evaluate exposure impact on patients' 

health, with the benefits of using DEHP that must balance the potential risks to 

patient safety. 

This regulation took full effect starting January 1, 2025; however, manufacturers 

are allowed to sell their products previously produced until their stock is depleted. 

Noteworthy, Regulation (EU) 2023/2482 (European Commission, 2023b) 

amendment to Regulation (EC) No 1907/2006, released on November 13, 2023, 

changed the sunset date for use of DEHP in medical devices postponing it from 

May 26, 2025, to July 1, 2030, allowing therefore a longer transitional period for 

medical devices, under specific condition, to comply with the regulation. 

5.1.6 Discussion 

This study focuses on the EU legislation regulating the use of the nineteen 

phthalates and two substitutes commonly involved in the production of different 
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everyday goods categories highlighting, as well, both the significant differences 

and the shared features of the regulations in force. Our work, therefore, provides 

environmental researchers and epidemiologists with a clearer perspective on the 

regulatory framework, to help them better understand what they may encounter 

when assessing phthalate exposure and their common alternatives in European 

populations.  

The EU was among the first economies implementing stringent restrictions to 

avoid exposure from consumer products, particularly from toys. Through ECHA, 

the EU provides comprehensive and structured directives, primarily by 

coordinating the REACH program, which supervises chemical compounds and 

ensures regulatory control. Additionally, under ECHA’s advice and guidance, the 

EC and the EU Parliament design more specific, sector-focused regulations to 

manage chemical risks across specific sectors. EU regulations adopt a 

precautionary approach to protect human health and the environment, strictly 

restricting phthalates considered hazardous. Despite progressively broader 

measures over time, regulation still differs across compounds or product types, 

with those recognized as hazardous, tightly controlled and others unregulated 

due to limited toxicological evidence. .  

Although the European regulatory framework sets strict limits on toxic phthalate 

concentration and bans specific molecules, a critical issue lies in the control and 

monitoring of products. Researchers have recently found significant phthalate 

contamination in everyday items on the EU market, including food packaging, 

demonstrating a gap between regulatory purposes and practical outcomes 

(García Ibarra et al., 2018; Iannone et al., 2024; Perestrelo et al., 2021).  

The case of DHxP exposure through contaminated UV filters exemplifies the 

complexity of chemical exposure pathways. Despite strict regulations on this 

compound, biomonitoring studies in Denmark and Germany showed significant 

urinary concentrations of its metabolite, particularly during summer months. 

Sunscreen formulations containing the UV filter diethylamino hydroxybenzyl 

hexyl benzoate (DHHB) were identified as a significant source of DHxP exposure, 

due to contamination (Frederiksen et al., 2025; Scherer et al., 2025). In response 

to these findings, the SCCS established a maximum safe level of 0.026% (260 

ppm) for DHxP contamination in DHHB, while recommending a target level of 1 

ppm where technically feasible(SCCS, 2025). 
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These findings underline that exposure to phthalates in Europe remains 

ubiquitous and a significant proportion of children and teenagers can reach 

levels potentially impacting human health.  

European biomonitoring studies over the past decade have consistently 

described different levels of exposure in children and adolescents depending on 

sampling age. Concentrations appear low during the first months of life (birth to 

approximately 6 months when weaning begins), rise in toddlerhood to then 

decrease once more in adolescence and youth.  

Multiple studies report this trend. Carlstedt and colleagues found that all 

phthalate metabolites except MEP and MBP were higher at 6 months compared 

to 2 months of age (Carlstedt et al., 2013). Similarly, Frederiksen and colleagues 

reported higher concentrations in infants consuming mixed diets versus those 

exclusively breastfed (samples collected 2.5-12.5 months prior to weaning) 

(Frederiksen et al., 2022). Comparable results have been documented in Finnish 

infants (1-14 months) (Frederiksen et al., 2014), and Italian infants (0-6 months) 

as well (Lucaccioni et al., 2023). This pattern changes when comparing toddler 

concentrations to adolescents or adults, resulting in lower concentrations in the 

latter (Den Hond et al., 2015; Govarts et al., 2023; Schwedler et al., 2020; Vogel et 

al., 2023c).  

Lower concentrations observed in early infancy suggest that regulatory 

restrictions on toys and childcare products likely reduce exposure in newborns 

and infants, who primarily remain in controlled environments such as cribs or 

designated nursery spaces with regulated materials. However, these protective 

measures become less effective as toddlers gain mobility, begin environment 

autonomous exploration and interact with a broader range of materials. With age, 

mouthing behaviors and dust intake by playing near the ground decreases, which 

may account for the lower phthalate levels in adolescence. 

Several factors may explain the gap between exposure levels and regulatory 

restrictions. Legacy products manufactured during periods with fewer or no 

phthalate restrictions remain present in many domestic environments over time. 

Additionally, building materials, decorative items, and furniture, which face less 

stringent phthalate regulations, are commonly found in indoor spaces where 

children spend time. 
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These discrepancies between the intended protective effects of regulatory 

restrictions and actual exposure levels highlight the need for more 

comprehensive research that integrates legislative analysis with biomonitoring 

data to better protect vulnerable populations. 

Nevertheless, the documented decline in phthalate concentrations observed 

across the aforementioned cohorts and other studies (Gerofke et al., 2024b; Vogel 

et al., 2023a, 2023b) over recent decades demonstrates the importance and 

effectiveness of ongoing legislative efforts. Another critical issue to consider is 

the search for safe phthalate substitutes. The same research by Vogel and 

colleagues also revealed how this regulatory success has been accompanied by 

concurrent increases in substitute levels such as DINCH and DEHTP, reflecting 

the market's rapid adaptation to regulatory restrictions. These two substitutes 

are classified as non-hazardous under CLP and have undergone extensive 

independent assessments by regulatory authorities including EFSA, ECHA, 

ANSES, NSF International, and CPSC. Recent human biomonitoring data 

demonstrate that exposure to these substitutes, while increasing with greater 

market use, remains well below established safe reference values, indicating 

adequate safety margins for their current applications (Ball et al., 2012; CPSC, 

2018a, 2018b; ECHA, 2024d, 2024e; EFSA, 2006; France, 2016a, 2016b). 

 

 

Further, it is important to emphasize the significant role played by watchdog 

systems operating in the EU across various areas of concern. One such system 

is the Safety Gate system (European Commission, 2018), a rapid alert mechanism 

for dangerous non-food products, established by the General Product Safety 

Directive and operative since 2024 (Directive 2001/95/EC). Previously known as 

the RAPEX Network, renamed in 2018, its primary aim is to facilitate the exchange 

of information and cooperation on product safety regarding hazardous non-food 

products among national authorities within the European Community. Its 

counterpart, the RASFF System (Rapid Alert System for Food and Feed), serves 

as a dedicated alert system for ensuring the safety of food and feed products 

(European Commission, 2025d).  
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The latest RAPEX report highlights the proliferation of fraudulent products, many 

of which fail to comply with safety standards. The RAPEX findings underscore 

the gap between regulation and enforcement, and this disconnection highlights 

the need for more robust instruments to ensure compliance at every stage of the 

commerce chain. 

To ensure consumer safety on a global scale, regulations are important to ensure 

and maintain appropriate control and enforcement throughout the distribution 

chain, especially in the global market, where products cross countries every day. 

Different attempts have been made to ease this process. For instance, 

noteworthy is the SPEAC Project (Safe Non-food Consumer Products in the EU 

and China), an information and training program designed to help Chinese 

manufacturers to enhance product safety standards and sell safely to the EU. Its 

primary goal was to assist and instruct Chinese producers in complying with 

European safety regulations for non-food items, including toys, electronics, and 

household furnishings. The initiative aimed to safeguard consumers by reducing 

the risk of hazardous products entering the European market. To improve 

enforcement and accelerate compliance processes for Chinese producers, the 

program also promoted communication and collaboration between EU and 

Chinese regulatory authorities by creating guidelines and hosting seminars to 

help companies understand and adhere to European legislation. The project will 

run until November 2025, but its impact is likely to continue influencing product 

safety policies in the years to come. The SPEAC initiative between the EU and 

China demonstrates the potential of collaborative efforts in addressing 

regulatory gaps(SPEAC, 2025).  

The ongoing internationalization of trade markets and the rise of domestic e-

commerce increase the likelihood of using products being regulated under 

different frameworks, therefore aligning regulations on hazardous substances in 

international commerce is essential. Despite efforts to restrict their use, 

legislation regarding phthalates remains fragmented across different economies 

and nations. When considering two of the largest economies in the world, as USA 

and China, the different regulatory framework and regulation in place pose a 

significant barrier to achieving this harmonization. 

The regulatory landscape in the USA is notably fragmented, primarily due to the 

federal structure of the states. The United State Congress implemented their first 
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restrictions with the Consumer Product Safety Improvement Act (CPSIA) in 2008, 

although some states had previously implemented their own initiatives to restrict 

phthalates (California started restricting DEHP in 1988 listing it in the Safe 

Drinking Water and Toxic Enforcement Act of 1986). The regulatory framework 

is complex, involving multiple agencies such as the Environmental Protection 

Agency (EPA), the Food and Drug Administration (FDA), and the Consumer 

Product Safety Commission. Federal oversight is mainly governed by the EPA 

and FDA, which strive to harmonize with state-level regulations like California's 

Proposition 65, known for its rigorous standards. Despite this complexity, the 

USA maintained a framework that emphasizes control, safety, and transparency. 

However, the regulatory measures are less comprehensive compared to the EU 

framework. The country imposes strict regulations on food FCMs, toys, childcare 

articles, and medical devices, while cosmetic products are subject to less 

stringent oversight.  

China is still developing but making efforts to align with global safety standards. 

As with other restriction areas, China recognizes phthalates and certain 

environmental priority control pollutants (Wang et al., 2017), yet the enforcement 

regulations are not as robust as those in the EU or the USA. However, regulation 

comparison is faced with considerable difficulties in terms of regulatory 

transparency and free accessibility, especially for non-Chinese speaking 

stakeholders. 

Overall, our study highlights the need to conduct further research to compare EU 

legislation with other regulatory frameworks and to find ways to harmonize it 

worldwide. 

Further, it is important to invest in research assessing phthalate exposure in 

different populations, to describe potential associations between legislation and 

phthalate levels, reveal patterns of exposure, and identify high-risk populations, 

to guide both policy adjustments, and enforcement strategies. This is the 

pathway defined by the European Human Biomonitoring Initiative (HBM4EU), an 

innovative European Joint Program co-funded by the EU under Horizon 2020 

focusing on methods to facilitate science-to-policy transfer and proposing a new 

set of human biomonitoring indicators to convey information on exposure in 

different age groups, sexes, geographical time points to help answer key policy 

questions (Gerofke et al., 2023). Beyond indicator development, HBM4EU has 
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also generated methodological recommendations for integrating human 

biomonitoring into chemical risk assessment (Santonen et al., 2023) and derived 

human biomonitoring guidance values (HBM-GVs) for selected phthalates and 

substitute plasticizers that enable direct interpretation of biomonitoring data in a 

regulatory context (Lange et al., 2021) . These advances, together with the 

strategic vision for human biomonitoring as part of Europe’s exposure science 

agenda (Zare Jeddi et al., 2022), are being transferred to and further developed 

under the Partnership for the Assessment of Risks from Chemicals (PARC), 

ensuring that biomonitoring data are increasingly aligned with regulatory needs 

and contribute directly to evidence-based policymaking.  Finally, to minimize 

exposure, actions aimed at strengthening public health communication skills and 

increasing information literacy in consumers and professionals are essential 

(Koester et al., 2021; Lugli et al., 2024; Palandri et al., 2024b).  

5.1.7 Conclusion 

The EU is showing its commitment to reducing exposure to chemicals associated 

with potential health risks, such as phthalates. The EU has been a pioneer in 

implementing stringent restrictions on phthalates, particularly through the 

REACH program, ECHA and sector-specific regulations. These measures have 

been effective in reducing phthalate exposure related to certain products, 

especially toys and childcare items, as evidenced by recent biomonitoring 

studies in newborns and infants, the most vulnerable populations. 

However, phthalates, even those restricted, are still contained in articles with long 

shelf-lives, revealing a gap between regulatory intentions and practical 

outcomes. This discrepancy is further highlighted by the same biomonitoring 

studies showing increased phthalate concentrations in toddlerhood, suggesting 

that current regulations may lose effectiveness in this delicate period.  

This been said declining phthalate levels documented in numerous studies 

provide strong evidence of the long-term success of legislative actions in 

reducing exposure. The ongoing revision of regulations marks a positive trend, 

but more must be done to integrate regulatory procedures, particularly in 

facilitating safer cross-border commerce and ensuring continued international 

compliance between nations. On this note, international cooperation is crucial, 

and any attempt to standardize safety standards, to increase data accessibility, 
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and strengthen enforcement strategies is essential for reducing phthalates’ 

exposure worldwide. 

 Integrating HBM4EU outputs (methodological guidance and HBM-GVs) and their 

ongoing translation via PARC will improve the use of biomonitoring evidence in 

European chemical risk management. Finally, strengthening public health 

communication and increasing consumer health literacy are also vital steps 

towards minimizing phthalate exposure and protecting human health. 
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6 DISCUSSION AND CONCLUSION 

6.1 DISCUSSION 

This dissertation integrated epidemiological and environmental perspectives to 

investigate how environmental, social, and policy determinants shape health 

across the life course, with a particular focus on the COVID-19 pandemic, 

sustainable nutrition, and chemical exposure in children. Collectively, the eight 

articles underscored the interconnectedness of human and planetary health and 

highlighted how preventive strategies rooted in environmental epidemiology can 

guide public health policy. 

6.1.1 Synthesis of Findings 

Across its three thematic chapters, the dissertation advanced a coherent 

framework for understanding how contextual factors influence both infectious 

and non-infectious health outcomes. The first chapter, focusing on the COVID-19 

pandemic, demonstrated that spatial, environmental, and socio-demographic 

variables substantially conditioned the spread and severity of SARS-CoV-2. 

Geography, climate, and population structure shaped exposures, and public 

health interventions and vaccination modified outcomes. These findings 

reinforced the need for adaptive, place-based approaches to epidemic 

preparedness and response. 

The second chapter addressed early childhood nutrition and its implications for 

planetary health. The studies showed that children’s diets in two provinces in 

Northern Italy were frequently unbalanced and environmentally unsustainable, 

characterized by excessive consumption of animal-based and processed foods. 

Limited parental awareness and insufficient institutional support pediatricians 

should be addressed to help the transition toward healthier dietary patterns. The 

evidence pointed to the need for integrated policies that promote sustainable 

diets beginning in early life, aligning nutritional, environmental, and educational 

goals. 

The third chapter examined children’s exposure to phthalates, combining 

regulatory analysis with empirical data on early-life exposure and 

neurodevelopment. Despite advances in European chemical regulation, results 

indicated that exposure remains widespread and potentially harmful. The work 
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highlighted the strengths of current regulatory frameworks, emphasizing though 

the importance of promoting continuative chemical safety policies, especially for 

vulnerable populations such as infants and pregnant women. 

6.1.2 Methodological and Conceptual Contributions 

Methodologically, the dissertation applied multi-domain models that combined 

environmental, geographic, behavioral, and policy variables. It demonstrated how 

integrating diverse datasets, from spatial and climatic information to 

biomonitoring and dietary assessments, can reveal complex determinants of 

health. Conceptually, the work promoted a preventive paradigm that situates 

human health within environmental systems. It emphasized that population and 

pediatric health cannot be fully understood without considering ecological and 

social contexts. 

6.1.3 Policy Implications 

The findings have direct relevance for public health and environmental policy. 

First, spatial and environmental data should inform local epidemic surveillance 

and emergency preparedness. Second, promoting sustainable diets from infancy 

should become a cross-sectoral priority involving health, education, and 

agricultural policies. Third, chemical regulation requires continuous updating 

based on emerging evidence of low-dose and mixture effects. Policymakers 

should adopt precautionary approaches, ensuring that children’s environments 

are free from harmful exposures.  

6.2 CONCLUSIONS AND FUTURE DIRECTIONS 

This dissertation provided an empirical and conceptual framework that 

emphasizes how environmental determinants operate across scales, from the 

planetary to the individual and that health equity and environmental sustainability 

are inseparable. Future research should further develop integrative exposure 

models, longitudinal pediatric cohorts, and participatory approaches that engage 

families, educators, and clinicians in preventive strategies. Strengthening data 

integration and communication between environmental and health sectors will 

be essential to advance the planetary health agenda. Ultimately, protecting 

children’s health and reducing environmental burdens must be regarded as 

convergent goals at the core of 21st-century public health policy. 
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