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Abstract

The pathophysiology of obesity development is complex and involves the interplay of genetic
susceptibility, caloric intake and energy expenditure. Recent studies have hypothesized that
metabolism and adipogenesis could also be disrupted by exposure to environmental
contaminants, broadly designated as Endocrine Disrupting Chemicals (EDCs). Phthalates are
a class of compounds widely used in the plasticizing industry and are among the suspected
EDCs with obesogenic properties. The existence of conflicting results regarding the
association of phthalate exposure and human obesity highlights the need for more thorough
investigations. This review addresses this problematic, particularly focusing in potential
confounding factors between studies. Phthalate distribution in the ecosystem, predominant
routes of exposure, metabolism upon entering the human body and biomonitoring are here
explored. The effect of early life exposure to phthalates on obesity parameters is also
discussed and revealed discrepant results. The most consistent observation from
epidemiological cross-sectional studies is the association of low molecular weight phthalates
urinary levels in children and obesity. As for adults, epidemiological studies here reviewed
have been inconclusive. Potential sources of discrepancies may be related to limited number
of measurements of urinary metabolite levels, as well as age and other socio-demographic
differences across populations. Longitudinal multi-ethnic studies, more frequent time-points
for quantification of phthalate levels and longer follow-up periods would be important for
the establishment of more accurate conclusions. Finally, the complexity of obesity pathways
potentially affected by phthalates has been emphasized both by cell, animal and human

studies and the existence of multiple mechanisms differentially affected cannot be ruled out.
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1. Introduction

Over the last decades, obesity and overweight have become one of the major chronic
health problems worldwide. It has been estimated that obesity alone has tripled between 1975
and 2016, and if the trend maintains, up to 60% of the world population will be overweight
or obese by 2030 (Kelly et al., 2008). In 2016, excessive weight and obesity affected nearly
39% and 13% of the world’s adult population, corresponding to 1.9 billion and 650 million
adults, respectively (WHO, 2018). The consequences of such high prevalence are
tremendous, since obesity is considered a major risk factor for other diseases, such as type 2
diabetes, cardiovascular diseases (stroke and coronary heart disease), musculoskeletal
disorders and at least 13 types of cancer (Avgerinos et al., 2018; WHO, 2018). In children,
this situation is even more alarming: in 2016, obesity or overweight affected 41 million
children under the age of 5 years and over 340 million aged 5-19 (WHO, 2018). These
numbers are particularly preoccupying, since it is known that obese children and adolescents
tend to become obese adults and excess weight at early ages is associated with higher risk of
cardiovascular, metabolic and malignant diseases in adulthood (Weihrauch-Bluher et al.,
2018).

While obesity can generically be attributed to an energy imbalance between caloric
intake versus caloric expenditure, the pathophysiology of its development appears to involve
a complex interplay of multiple factors, from individual genetic predispositions to lifestyle
habits (van der Klaauw and Farooqgi, 2015). Additionally, there have been increasing reports
suggesting that exposure to environmental agents could interfere with metabolism and
adipogenesis, thus increasing the risk of obesity (Grun and Blumberg, 2006; Janesick and
Blumberg, 2016; Nappi et al., 2016). These chemicals, broadly designated as Endocrine

Disrupting Chemicals (EDCs), are defined as exogenous substances, or mixtures of
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substances, that have the ability to interfere with endocrine systems, causing adverse health
effects, either at the individual, or its progeny or (sub)populations (WHO, 2002). Among the
EDCs with potential to be involved in the development of obesity are phthalates.

Phthalates are a group of chemical compounds widely used as plasticizers, in the
production of rigid polymers such as polyvinyl chloride (PVC), and as fixatives in the
cosmetic industry. Their use is so widespread, from toys, flooring, cables, medical devices,
paints or personal care products, that it is not surprising that their production can reach up to
over 213 000 tonnes per year in USA. (U.S. EPA, 2012). In Europe, every year one million
tonnes of phthalates are produced, corresponding to 80% of all plasticizers and 95% of them
are used in the production of PVC (ECPI, 2014).

Throughout the years, several studies have pointed an association between phthalates
exposure and human obesity. However, while some epidemiological data have shown an
association between phthalate levels and obesity markers, such as body mass index (BMI)
and waist circumference in children (Hatch et al., 2008) for instance, others have found
inverse or small relationships between exposure to phthalates and obesity markers (Buckley
et al., 2016a; Buckley et al., 2016b). The inconsistency of the observed results highlights the
need for a more thorough examination on the role of phthalates in obesity development.

Given the conflicting results described above and human continuous exposure to
phthalates, it seems crucial to understand if phthalate exposure can be at least in part
responsible for obesity pandemic. The purpose of this review is therefore to address the
current state of knowledge regarding the role of phthalates in the development of obesity.
Their sources, metabolism, routes of exposure, biomonitoring data, epidemiological studies
and potential mechanisms of action will be here addressed and hopefully contribute to a better

understanding of the problem.



2. Classification and sources

For the purpose of this review, the term phthalates designates dialkyl- or alkylaryl
esters of the ortho-benzene di-carboxylic acid (phthalic acid) (Figure 1) (Correia-Sa et al.,
2018; Lorz et al., 2000). The structure of the ester side chain confers them distinct chemical
and biological properties and dictates their industrial applications (NRC, 2008). They can be
subdivided into two groups based on their molecular weight: the low molecular weight
(LMW) phthalates which include phthalates with one to four carbons in their ester side chain
and the high molecular weight (HMW) phthalates comprising phthalates with 5 or more
carbons atoms in their ester side-chain. The HMW phthalates are used as industrial
plasticizers to increase softness, flexibility, elongation and durability of rigid polymers such
as PVC (National Research Council Committee on the Health Risks of, 2008). Therefore,
they can be found in a broad-spectrum of daily life objects such as floorings and wall
coverings, cables, packaging materials, toys, synthetic leather clothes, among others. HMW
phthalates include di(2-ethylhexyl) phthalate (DEHP), diisononyl phthalate (DiNP) and
diisodecyl phthalate (DiDP) (Correia-Sa et al., 2018) (Figure 1). DEHP is the most
commonly used plasticizer in medical devices as tubings, catheters and bags for blood and

parenteral nutrition (Koch and Calafat, 2009; U.S. EPA, 2012).
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Figurel-General chemical structure of a phthalate ester (R and R’ groups can be
linear, branched, linear/branched or a cyclic ring) and chemical structure of 6 phthalates,
grouped according to their molecular weight classification: Low Molecular Weight (LMW)

and High Molecular Weight (HMW) phthalates.

LMW phthalates most commonly used are dimethyl phthalate (DMP), diethyl
phthalate (DEP), di-n-butyl phthalate (DnBP) (Figure 1), butyl benzyl phthalate (BBzP), and
di-iso-butyl phthalate (DiBP) (Correia-Sa et al., 2018; NRC, 2008). They have plasticizing
and solvent-like properties and in addition to PVVC products, LMW phthalates are also used
in medical devices, adhesives, paints, inks and enteric-coated tablets (Wittassek et al., 2011).
DnBP is typically used in pharmaceutical formulations as enteric coating for medications
(Katsikantami et al., 2016; Koch and Calafat, 2009). DMP, DEP and DnBP are mostly used
in cosmetic and personal care products, as solvents and fixatives (Katsikantami et al., 2016;

NRC, 2008).



In USA, DiNP reached the highest production volumes, followed by DiDP and DEHP

(EPA, 2006). As for Europe, DINP and DiDP have been progressively replacing DEHP and

currently represent 60% of the total plasticizer market (Wittassek et al., 2011). Table 1

summarizes the main applications of most commonly used phthalates, displayed according

to their molecular weight.

Table 1 - Most commonly used phthalates and their applications

. MW
Acronym Common name  Main uses (g/mol) Type
DiDP Diisodecyl PVC plastic products, such as wires, cables, artificial 446.672 HMW
phthalate leather, carpet backing, pool liners.
DiNP Diisononyl Garden hoses, pool liners, flooring tiles, tarps, and 418.618 HMW
phthalate toys. Not used in medical devices and finds only
limited use in food packaging.
DEHP Di(2- PVC plastic products, such as flooring, wallpaper, 390.564 HMW
ethylhexyl) auto upholstery, raincoats, toys, food packaging, and
phthalate medical devices (blood bags and tubings). Not used
in toys intended for mouthing such as nipples or
teething rings.
DnOP Di-n-octyl PVC plastic products, such as carpetback coating, 390.564 HMW
phthalate floor tile, wire, cables, packaging films, adhesives,
medical tubing and blood storage bags. Also used in
cosmetics and pesticides.
BBzP Butyl benzyl Vinyl tiles (main use), food conveyor belts, artificial 312.365 LMW
phthalate leather, automotive trim, and traffic cones.
DnBP Di-n-butyl Cosmetics, personal care products, cellulose 278.348 LMW
phthalate plastics, solvent for dyes.
DiBP Diisobutyl Used in combination with other phthalates to 278.348 LMW
phthalate produce nitrocellulose, cellulose ether, polyacrylate
and polyacetate dispersions.
DEP Diethyl Solvent in products containing fragrances, such as 222.240 LMW
phthalate perfumes, colognes, deodorants, soaps, shampoos,
and hand lotions.
DMP Dimethyl Solid rocket propellants, plastics, and insect 194.186 LMW
phthalate repellants




3. EXxposure

Phthalates and polymers are not chemically bound, therefore, under appropriate
conditions of pH and temperature, phthalates can leak out to the environment or enter directly
in the human body (Katsikantami et al., 2016; Koch and Calafat, 2009). Even though
phthalates are non-persistent chemicals, their widespread use renders them ubiquitous in the
environment. Their volatility from moist soil surfaces and water is considered moderate,
while mobility in soil and aquatic systems is low to moderate. In the environment, they are
readily biodegraded but abiotic hydrolysis is considered negligible (EPA. 2006. U.S.
Environmental Protection). In aquatic environments, due to their low solubility, they tend to
associate to particles and accumulate in bottom sediments (Zhang et al., 2018). They have
been detected in large river water and sediments across the globe (Dominguez-Morueco et
al., 2014; Eremina et al., 2016; Liu et al., 2014; Sha et al., 2007), in water sediments and
biota of lagoons (Adeogun et al., 2015), seawaters (Hassanzadeh et al., 2014; Marti et al.,
2011; Zhang et al., 2018), wastewater treatment plants influent as well as effluent waters
(Olujimi et al., 2012). The presence of these compounds has also been observed in water
destined for human consumption, with bottled water displaying higher phthalate levels than
tap water (Al-Saleh et al., 2011; Amiridou and Voutsa, 2011; Martine et al., 2013). However,
the presence of phthalates like DEHP in bottled water has been attributed to laboratory
background contamination, emphasizing the difficulty of reaching reliable measures for these
compounds at ultra-trace level, when analyzing very pure matrices (Dévier et al., 2013). A
comparison of phthalate levels in river and tap waters in Spain found DnBP to be the main
pollutant and the only common compound in both samples (Dominguez-Morueco et al.,
2014). Phthalates in soil have also been intensively analyzed in both agricultural and urban

areas, particularly in China, where DnBP and DEHP predominate (LU et al., 2018). Indoor
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dust is another source of exposure to phthalates, with several reports highlighting DEHP as
the most frequent compound (Guo and Kannan, 2011; Kanazawa et al., 2010; Kang et al.,
2012; Wan-Li et al., 2014). The ubiquitous presence of phthalates in numerous plastic
devices and laboratory equipment also prompts up the dangers of external contamination and
highlights the need for careful interpretation of results (Koch and Calafat, 2009).

Ingestion is considered the main route of exposure to phthalates, particularly HMW
such as DEHP (Trasande et al., 2013b; Zota Ami et al., 2016). Dermal and inhalation
exposure are other potential sources of exposure, particularly for LMW phthalates (Koch et
al., 2013; Weschler Charles et al., 2015). However, the relative contributions of the different

sources of contamination to the total body burden at various ages is not known (NRC, 2008).

4. Metabolism

Upon entering the body, phthalate diesters are rapidly cleaved to their respective
monoester, a process that can occur at numerous organs, such as skin, mouth, stomach,
intestines or blood. Levels of parent compounds in blood are therefore residual or a result of
background contamination (Koch and Calafat, 2009). The resulting alkyl ester can
subsequently be oxidized or conjugated directly with glucuronic acid before suffering
excretion through urine (Braun, 2017; Koch and Calafat, 2009). While LMW phthalates are
typically hydrolyzed into monesters, HMW compounds suffer an additional oxidation
process before excretion (Koch and Calafat, 2009). Table 2 summarizes main phthalates and
respective metabolites. Even though phthalates can cross the placenta and have been detected
in several biological matrices, such as amniotic fluid, breast milk and blood, their
concentration reaches higher levels in urine, up to 5-20 times that in lipid-rich body

compartments (NRC, 2008). Therefore, measurement of urinary polar metabolites is the most
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frequent method for quantifying human exposure to phthalates (Braun, 2017; NRC, 2008).

Given the fact that phthalates do not persist in the organism, as their half-lives is less than

24h, the ubiquitous detection of their metabolites indicates that exposure is widespread and

relatively continuous (Braun, 2017).

Table 2 - Most commonly used phthalates and their main metabolites

Phthalate Type Metabolite acronym Common name
ester
DiDP Primary MiDP mono isodecyl phthalate
Secondary  MHIDP mono hydroxy-isodecyl phthalate
Secondary  MOIDP mono oxoisodecyl phthalate
Secondary  MCNP mono carboxy-isononyl phthalate
Secondary  MCiPeP mono carboxy isopentyl phthalate
DiNP Primary MiNP mono isononyl phthalate
Secondary  MHIiNP mono hydroxy-isononyl phthalate
Secondary  MOINP mono oxoisononyl phthalate
Secondary  MCIiOP mono carboxy-isooctyl phthalate
Secondary ~ MCiHxP mono carboxy isohexyl phthalate
DEHP Primary MEHP mono ethylhexyl phthalate
Secondary  MEHHP mono 2-ethyl-5-hydroxyhexyl phthalate
Secondary  MEOHP mono 2-ethyl-5-oxohexyl-phthalate
Secondary  MECPP mono 2-ethyl-5-carboxypentyl phthalate
Secondary MCMHP mono 2-carboxymethylhexyl phthalate
DnOP Primary MnOP mono-n-octyl phthalate
BBzP Primary MBzP mono benzyl phthalate
DnBP Primary MnBP mono n-butyl phthalate
Secondary  MHBP mono 3-hydroxybutyl phthalate
Secondary  MCPP mono 3-carboxypropyl phthalate
DiBP Primary MiBP mono isobutyl phthalate
Secondary  20H-MiBP mono 2-hydroxy-isobutyl phthalate
DEP Primary MEP mono ethyl phthalate
DMP Primary MMP mono methyl phthalate

11



5. Biomonitoring

The biomonitoring of phthalate metabolites urinary levels, conducted by the National
Health and Nutrition Examination Survey (NHANES) and other studies, confirms the
exposure to multiple phthalates by most people (CDC, 2009; Sathyanarayana et al., 2008;
Wittassek et al., 2007). In Europe, levels of urinary phthalate metabolites show great
variability among countries, probably reflecting different life-style habits, products used and
market specificities (Hond et al., 2015). Southern European countries cluster (including
Portugal and Spain) typically present higher levels of DEP and DEHP (Hond et al., 2015).
Urinary metabolite levels in children appears to be higher than in adolescents or adults and
seem to decrease with age (Becker et al., 2004; Koch et al., 2004; Silva et al., 2004). An
exception to this trend is the metabolite of DEP, mono ethyl phthalate (MEP), which is found
in higher levels in adults and seems to be associated with the use of DEP containing products
such as detergents, soaps, shampoos and perfumes (Hartmann et al., 2018; Silva et al., 2004).
While it remains unclear whether differences in urinary levels between adults and children
result from different exposure or metabolism, children have been considered a group
particularly susceptible to phthalates effects (NRC, 2008). Neonates in intensive care units,
in particular, are considered a highly exposed group, due to medical devices containing
phthalates (Weuve et al., 2006). Another cause of concern is the in utero exposure, as
multiple phthalates have been detected in the urine of pregnant women (Adibi et al., 2008;
Wolff et al., 2008).

Global phthalates body burden levels in different matrices has been reviewed recently
by Katsikantami et al. (Katsikantami et al., 2016) which showed a decline over the past 15
years. They have estimated that levels of exposure in Europeans (median urinary levels of

209.06 pg/L) is similar to that of Americans (199.70 pg/L) but higher than Asians (125.25
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pg/L). However, exposure to phthalates is still preoccupying particularly when it concerns
children, since in 85% of the analyzed studies the exposition exceeded the reference
maximum dose set by US EPA for DEHP (20 ng/kg bw/day).

In the European Union, concerns regarding developmental and/or fertility effects have
led to the implementation of successively more restrictive legislation regarding the use of
several phthalates, namely, DEHP, DnBP, BBzP, DiNP, DiBP and di-n-octyl phthalate
(DnOP), in toys and childcare articles (Regulation (EC) No 1907/2006) (EC, 2006).
Recently, new provisions were taken to restrict the use DEHP, DnBP, BBzP and DiBP in a
concentration equal to or above 0.1% by weight, in all plasticized material by 2020 (EU,
2018).

It has been suggested that phthalate use restrictions in Europe may explain the decline
in human urinary phthalates metabolites throughout the years (Koch et al., 2017). The
analysis of 24-h urine samples collected between 1988 and 2015 in the German population
has highlighted a 10 fold decrease in DEHP, DnBP and BBzP during this period (Koch et al.,
2017). However, a global decrease was found in all phthalate metabolites, even for those
without special legislation regarding its utilization, which may indicate a substitution of
phthalates by other alternative compounds. DEHP appears to have been replaced by DiNP,
even though its levels follow the trend of decrease observed for the other compounds. While
a global trend to decrease has also been observed in the USA, levels of DiNP remain higher
than in Europe (Koch et al., 2017). A recent analysis of plasticizers chemicals used in
industry in Scandinavian countries between 2000 to 2014 confirms the decreasing trend in
phthalate use, either those included in the authorized list or those from the restriction list,

particularly since 2012 (Sackmann et al., 2018). Portugal seems to follow the same
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decreasing trend in urinary phthalate levels, as children urine samples collected in 2014/2015

showed 2-3 times lower values than those reported in 2011/12 (Correia-Sa et al., 2018).

6. Epidemiological studies

6.1. Phthalates and childhood obesity

Several studies have suggested that EDCs may interfere at specific time-points of
human development, such as gestation, infancy or early childhood, thereby disrupting critical
processes for hormonal homeostasis. The repercussions of these early life events would only
be observable later, resulting in changes in behavior, anatomy and physiology (Braun, 2017).
There has been a growing interest in understanding whether this could be the case for
phthalates. Herein we review the latest epidemiologic data on the effects of phthalate
exposure on obesity at different age groups, from gestation to adolescence.
Regarding the effects of prenatal phthalate exposure and childhood obesity, prospective
studies have provided variable conclusions. Valvi et al. used the population-based birth
cohort INMA to study 391 Spanish mother—child pairs from the first trimester of pregnancy
up to 7 years of age and observed sex-specific differences between the levels of urinary
HMW phthalates during pregnancy and BMI at 7 years. In boys, higher levels of HMW
phthalates were associated with lower BMI, while in girls were associated with higher BMI
(Valvi et al., 2015). Sex-specific differences were also observed by Maresca et al., who used
the New York City CCCEH longitudinal birth cohort to study the relationship of mother
phthalate urinary levels in the third trimester of pregnancy and childhood body size up to 5
years of age. They reported an association of prenatal urinary levels of non-DEHP phthalate
with lower BMI z-score, waist circumference and fat mass in boys but not in girls during

early childhood (Maresca et al., 2016). However, other authors found no association between
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maternal urinary non-DEHP phthalate levels and percent body fat in 4-9 years children of a
New York City cohort and no evidence of differences according to the child’s sex (Buckley
et al., 2016b). Interestingly, in children from 3 prospective cohorts from United States, a
positive association between the maternal urinary mono-3-carboxypropyl phthalate (MCPP),
a non-specific metabolite of various phthalates, with childhood overweight/obesity status
was observed (Buckley et al., 2016a). DEHP and its metabolites, on the other hand, were
associated with lower BMI in girls, but not in boys, again suggesting sex-specific differences
(Buckley et al., 2016a). In a French mother-child cohort that gave birth to boys, maternal
urinary concentrations of MEP were positively associated with post-natal weight growth
velocity from two to five years and BMI at five years (Botton et al., 2016). A study in Korea
has analyzed two DEHP metabolites in newborn urine and umbilical cord and obesity related
markers at early childhood. They concluded that higher levels of DEHP metabolites were
associated with a decrease in Ponderal index (calculated as a relationship between mass and
height) at birth and an increase in serum triglyceride levels of umbilical cord at birth, as well
as an increase of body mass 3 months after birth (Kim et al., 2016). Recently, another
prospective study using a cohort from an agricultural region of California with a large
Mexican immigrant population has focused on the association of 11 phthalate metabolites
levels, measured twice during pregnancy, with anthropomorphic features of children between
5 and 12 years of age (Harley et al., 2017). Higher levels of DEP, DnBP, BBzP, and DEHP
were associated with higher BMI z-score, waist circumference z-score, and percent body fat
at various ages. With the exception of DEP, in which the association was only found in boys,
there was no sex-specific differences. In an attempt to identify periods of particular
susceptibility to phthalates exposure, Shoaff et al., used a pregnancy and birth cohort study

from Ohio to determine phthalate levels, prenatally and at six times from 1 to 8 years of age,
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and correlate them with BMI, waist circumference and percent body fat at 8 years of age.
While no association was observed with phthalate prenatal levels and excess adiposity, an
inverse association was found between mono benzyl phthalate (MBzP) levels, both in
pregnancy and childhood, with adiposity. The association of DEHP metabolites and MEP
was variable according to the timing of exposure. MEP concentrations at 5 and 8 years of
age were associated with higher child adiposity, but earlier childhood concentrations were
not. Overall, in this cohort, there was no evidence of an obesogenic effect of prenatal
phthalate exposure and positive associations between postnatal MEP and DEHP
concentrations and obesity depended on the timing of exposure (Shoaff et al., 2017).

Other studies have focused on phthalate exposure in childhood and obesity. A cross-
sectional analysis using data from NHANES 1999-2002 revealed different associations
between phthalate metabolites and body mass, varying according to gender, age and type of
metabolite. An inverse correlation was found between mono ethylhexyl phthalate (MEHP)
and BMI in adolescent girls. As for children, no relevant associations were observed (Hatch
et al., 2008). Teitelbaum et al observed that urinary concentrations of MEP and the sum of
LMW phthalates in children aged 6-8 years old were associated with higher BMI and waist
circumference measured one year later, among overweight children from a Hispanic and
Black New York City cohort (Teitelbaum et al., 2012). A cross-sectional study involving
2,884 children 6-19 years of age enrolled in the 2003—-2008 NHANES has highlighted
positive association between LMW phthalate metabolites and the odds of overweight and
obesity, but specifically among non-Hispanic blacks (Trasande et al., 2013a). A positive
association was also observed for LMW phthalate concentrations in elementary school-aged
girls from a multi-ethnic American cohort and BMI and waist circumference in all girls

throughout 6 years of follow-up period (Deierlein et al., 2016a). Interestingly, a recent study
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involving overweight/obese Portuguese children enrolled on a healthy versus a normal diet
observed higher phthalate urinary metabolite levels in the regular diet group compared to the
healthy diet group. The only exception was for the DEP metabolite MEP, which is consistent
with the fact that the main route for DEP exposure is generally through personal care products

and not through ingestion (Correia-Sa et al., 2018).

6.2. Phthalates and adult obesity

Regarding adult exposure to phthalates and obesity levels, several studies have also
been conducted. A cross sectional analysis involving adult men participants of the NHANES
1999-2002 looked into mono-butyl phthalate (MBP), MEP, MEHP, MBzP, mono 2-ethyl-5-
hydroxyhexyl phthalate (MEHHP) and mono 2-ethyl-5-oxohexyl-phthalate (MEOHP) urine
levels and abdominal obesity. A statistical positive association was observed for several
metabolites (MBzP, MEHHP, MEOHP, and MEP) and obesity parameters, suggesting a
potential contribution of these compounds for the global burden of obesity (Stahlhut et al.,
2007). Another cross sectional study using the same NHANES cohort and metabolite data
confirmed the previously observed association of phthalates and obesity (BMI and waist
circumference) in adult men (20-59). However, in women (20-59) a positive association was
only observed for MEP and BMI. In fact, MEHP was inversely related to BMI in females of
the (20-59) age group (Hatch et al., 2008). The observed associations did not seem to be
caused by diet, as metabolite levels were not related to diet. This study has also observed
higher metabolite levels in women than in males, for all metabolites. A study developed in
Sweden analyzed phthalate serum metabolites (MEHP, MEP, mono isobutyl phthalate
(MiBP) and mono methyl phthalate — (MMP)) in aged individuals (70 years), correlating

them with obesity parameters measured by dual-energy X-ray absorptiometry (DXA) and
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magnetic resonance imaging (MRI), two years later (Lind et al., 2012a). Only MIiBP, in
women, showed strong association with both DXA (waist circumference, total fat mass and
trunk fat mass) and MRI measurements (subcutaneous adipose tissue). MMP concentrations
were related to trunk fat mass and the trunk/leg-ratio measured by DXA in women and no
significant associations were observed for males (Lind et al., 2012b). Phthalate metabolites
were measured in adult obese individuals enrolled in weight loss programs in the Antwerp
University Hospital, 3, 6 and 12 months after weight loss. Overall, a high variability was
found and metabolite levels increased 3 to 6 months after weight lost. Given that the daily
intake of phthalates remained constant throughout the study, the authors speculate that in
addition to ingestion, other routes of exposure such as air and dust could be involved. No

association with obesity parameters was observed (Dirtu et al., 2013).

Overall, epidemiological data here summarized are very variable, depending on the
phthalate metabolites analyzed, the obesity outcomes used, the time of exposure studied,
gender and age subgroups. Therefore, they do not provide sufficient evidence of an
obesogenic effect caused by phthalate exposure. Reasons for discrepancy may rely on the
time-points used to quantify phthalate levels and the fact that one-time urine measurement is
often used as proxy of phthalate exposure. This may not correspond to continuous exposure
levels, since phthalates are known for their short biological half-lives and rapid excretion
(Janjua et al., 2008). Hence, specific metabolite and time-point associations may result from
misclassification of exposure rather than a causal association (Shoaff et al., 2017).
Furthermore, is has been suggested that phthalates mode of action may depend upon
endogenous hormone levels, which vary according to age and gender. Grouping phthalates

according to their molecular weights, although it is a classification frequently used, may lead
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to the assumption that they have the same biologic action or potency which may be a source
of confusion. It has also been suggested that there are considerable variation of sources and
magnitude of exposure to specific phthalates according to age and other socio-demographic
characteristics, both within and across populations (Deierlein et al., 2016b). Despite these
limitations, cross-sectional studies have consistently shown an association of LMW phthalate
urinary levels in children and obesity. However, one cannot rule out the existence of reverse
causation, as it is possible that the biggest body surface of obese children may be related to
a bigger surface of exposure to LMW phthalates in personal care products, thus increasing
their urinary levels (Braun, 2017; Deierlein et al., 2016b). In order to clarify this, more
longitudinal multi-ethnic studies would be necessary as well as the quantification of phthalate
levels at more frequent time points and longer follow-up periods, particularly from the highly
sensitive intrauterine period to childhood and adolescence.

Epidemiological data need to be carefully interpreted, since it’s not possible to assess
the isolate effect of a single compound when environmental exposure occurs in complex
mixtures. Cell and animal studies are therefore crucial to characterize individual phthalate
effects as well as to understand their mode of action. The analysis of the exposome as a way
to include the effects of environmental exposures from the pre-natal period throughout an

individual’s life could also shed light to these questions.

7. Mechanism of action

The potential involvement of phthalates exposure in obesity development requires
biological plausibility. However, to date, the mechanisms through which phthalates could
interfere in obesity still remain elusive. Nevertheless, potential pathways involved could be

subdivided into 3 major groups: 1) Interference with Nuclear Receptors (NR) involved in
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energy balance; 2) Disturbance of neuroendocrine pathways and 3) Increase in oxidative
stress.

7.1 Interference with NRs involved in energy balance

The abnormal activation of NR and subsequent activation of genetic cascades is the
most well studied mechanism of action of EDCs (Casals-Casas et al., 2008). Several NR have
been shown to be activated by phthalates, namely, the estrogen receptors (ERs), the
peroxisome proliferator-activated receptor (PPAR) subtypes and xenobiotic sensors
androstane and pregnane X receptor (Engel et al., 2017; Henley and Korach, 2006; Hurst and
Waxman, 2003). Perhaps the strongest candidates involved in phthalate dysregulation are
PPARs, a set of nuclear receptors involved in the regulation of lipid metabolism and energy
homeostasis (Desvergne et al., 2009). Three types of PPARs have been identified in humans
PPARa, PPARPB/d and PPARYy. Despite their different functions, all three isotypes can be
activated by phthalate monoesters, depending of the species, the cell type and the receptor,
thus broadening the spectrum of consequences of this stimulation (Desvergne et al., 2009).
While PPARYy is considered a key regulator for adipocyte differentiation and glucose
metabolism, promoting adipogenesis, PPARa and PPARPB/d are promotors of fatty acid
catabolism (Casals-Casas and Desvergne, 2011). In fact, conflicting results regarding fat
mass gain and phthalates exposure could ultimately be explained by differential activation of
PPARS.

Several reports have suggested that phthalates obesogenic properties derive from the
different potential of phthalates to activate PPARY. For instance, MEHP, but not its parental
compound DEHP, is able to bind to PPARy ligand binding pocket in a similar way as its
proposed natural ligand rosiglitazone (Feige et al., 2007). MEHP has further shown to

promote adipogenesis directly by activating PPARY and by inducing selective activation of
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target genes in the mouse preadipocytes 3T3-L1 cell line (Feige et al., 2007; Hurst and
Waxman, 2003). Using the same cell line, Pereira-Fernandes and collaborators confirmed
that the obesogenic properties of the phthalates BBzP and DIBP are under PPARY control
(Pereira-Fernandes et al., 2013). However, despite the fact that phthalates are generally
considered activators of these receptors, this is not always the case. For instance, using
reporter gene assays to assess nuclear receptor activation by DiBP, DnBP and DEHP, it was
shown that while DiBP and DnBP function as PPARy agonists, DEHP displays antagonistic
activities towards the same receptor (Simon et al., 2016). The demonstration of these effects
on animal models would be of huge importance to clarify these knowledge gaps. However,
it is well known that PPARs display species-specific regulatory modes, which make it
difficult the extrapolation of results to human (Desvergne et al., 2009). In rodents, the
activation of PPARa leads to proliferation of peroxisomes and liver carcinogenicity, an effect
that was never observed in humans. PPARa humanized transgenic mice treated with the
PPARa agonist fenofibrate display some effects similar to those observed in wild type mice,
such as peroxisome proliferation, decreased serum triglyceride levels and induction of
PPARa target genes involved in fatty acid metabolism, but these mice did not develop
hepatomegaly or hepatocyte proliferation (Shah et al., 2007; Yang et al., 2008). Interestingly,
exposure to DEHP protect mice from diet induced obesity via PPARa-dependent activation
of hepatic fatty acid catabolism (Feige et al., 2010). This protection was lost when PPARa-
humanized mice were used, suggesting species-specific differences in phthalates activation
of PPARs and need of caution when extrapolating conclusions from animal models (Feige et
al., 2010). A better understanding of phthalates effects on PPARs pathways is crucial given
that it was recently demonstrated that exposure to plasticizers considered safe for use in food-

contact material, such as DINP and DiDP, at environmentally relevant doses cause lipid
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accumulation through PPARY regulation in 3T3-L1 mouse preadipocytes (Pomatto et al.,
2018).

Other players which may be involved in energy balance disruption caused by
phthalates are sex hormone receptors which signalization, although indirectly, may change
fat deposition in a sex specific manner. The inhibition of androgens could potentially have
an obesogenic effect (Stojanoska et al., 2017). It has been demonstrated that gestational
exposure of male rats to several phthalates, such as DEHP, DiBP, DiNP, BBzP and DnBP,
during the period of sex differentiation, led to a reduction of fetal testicular testosterone
production (Hannas et al., 2011; Howdeshell et al., 2008). However, effects on weight were
not assessed in these studies. Phthalates may also have antiandrogenic activity, as it has been
suggested using the Hershberger assay in castrated male rats exposed to DEHP, DINP or
DnBP (Lee and Koo, 2007). In humans, exposure to high levels of DnBP and DEHP in
factory workers has been associated with decreased free testosterone levels (Pan et al., 2006).
In vitro reporter gene assays have shown that phthalates can either activate or inhibit ERa
and ERp, but can only inhibit androgen receptor (AR) (Engel et al., 2017). However, cell
context needs to be considered before conclusions on phthalates effects on ERs can be
inferred, as DEHP for example displays both strong agonistic and antagonistic activity
towards ERs from different cell lines (Simon et al., 2016). In any case, the observed additive
effect of phthalates mixtures on androgen production inhibition, in rodents, raises concerns
regarding human populations, since exposure to phthalates typically involves multiple
compounds and routes of exposure (Howdeshell et al., 2008; NRC, 2008).

Overall, the results described for cells, animals and human studies highlight the
complexity of obesity pathways potentially affected by phthalates. One cannot exclude the

existence of distinct biological mechanisms, differentially affected by different phthalates.
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7.2 Disturbance of neuroendocrine pathways/signals

Body weight is under hypothalamus control, an integration center of internal
metabolic stimulus that coordinates internal stimulus from leptin, ghrelin, insulin and
neuropeptide Y (NPY) into appropriate effector responses regarding food intake (Migliarini
et al., 2011). In scenarios of energy deprivation there is an increase in NPY, ultimately
leading to a higher consumption of food (O'Shea and Gundlach, 1991). Contradictory results
have been observed regarding the influence of phthalates in NPY. Masuo et al., describe that
NPY gene expression increases in rats after neonatal exposure to DEHP (Masuo et al., 2004).
An increase in orexigenic neuropeptides, including NPY, was also observed in male C3H/He
mice exposed to DEHP, which is accompanied by an increase in food intake (Lv et al., 2016).
However, there is insufficient evidence on the involvement of NPY and its modulation by

phthalates in the development of obesity.

7.3 Increase in oxidative stress

Finally, it has been suggested that phthalates may increase oxidative stress, which
may contribute to the establishment or development of obesity (Stojanoska et al., 2017).
Animal studies revealed that DEHP can induce the formation of reactive oxygen species
(ROS), increasing lipid peroxidation and thereby interfering with insulin signal transduction
in adipose tissue, favoring glucose intolerance. However, there are no sufficient data to favor
this hypothesis (Rajesh et al., 2013). Nevertheless, several human studies suggest that, in
fact, the exposure to phthalates may be associated to an increase in oxidative stress (Hong et

al., 2009; Kim et al., 2013; Tetz et al., 2013).
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8. Conclusions

It is undeniable that major factors responsible for obesity are excess caloric intake,
reduced levels of physical activity and genetic determinants. However, exposure to
environment pollutants may play a role in predisposing to its development. This review
summarizes current data regarding phthalate exposure and obesity in human populations.
Most epidemiological data is scarce, restricted to specific populations, involves limited
number of metabolite measurements and different times and concentrations of exposure, and
therefore results obtained are not always in accordance, being difficult to draw definitive
conclusions. The most consistent association found was between LMW phthalate levels and
obesity in children, even though reverse causality cannot be ruled out. Larger studies,
involving different populations, more frequent metabolite determinations and longer follow-
up periods could help to shed light on this topic.

Cell and animal studies, despite their importance in deciphering the potential
mechanism or mechanisms involved, have been inconclusive. Nevertheless, the most
plausible mode of action is the abnormal activation of human nuclear receptors, either PPARs
or sex steroid receptor AR. One cannot rule out the possibility of the simultaneous
involvement of more than one pathway, as phthalates designate numerous compounds, each
with their own characteristics and properties. In the environment, exposure occurs in complex
mixtures via multiple routes, which also makes it difficult to assess individual compound
effects. With the institution of stricter legislation regarding phthalates use, it is expected that
exposure levels tend to decrease over the next years. Nevertheless, it is crucial to continue
monitoring their effects, as well as the alternative products introduced in the market, in order
to assure safety of human populations, particularly children and vulnerable groups as

pregnant women.
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Lista de acronimos

AR, androgen receptor

BBzP, butyl benzyl phthalate

DnBP, di-n-butyl phthalate

DEHP, di(2-ethylhexyl) phthalate

DEP, diethyl phthalate

DiBP, diisobutyl phthalate

DiDP, diisodecyl phthalate

DiNP, diisononyl phthalate

DnOP, di-n-octyl phthalate

DMP, dimethyl phthalate

EDCs, Endocrine Disrupting Chemcials

ERs, estrogen receptors

HMW, High Molecular Weight

LMW, Low Molecular Weight

MBP, mono butyl phthalate

MiBP, mono isobutyl phthalate

MBzP, mono benzyl phthalate



MCiHxP, mono carboxy isohexyl phthalate

MCiOP, mono carboxy-isooctyl phthalate

MCiPeP, mono carboxy isopentyl phthalate

MCMHP, mono 2-carboxymethylhexyl phthalate

MCNP, mono carboxy-isononyl phthalate

MCPP, mono 3-carboxypropyl phthalate

MECPP, mono 2-ethyl-5-carboxypentyl phthalate

MEP, mono ethyl phthalate

MEHP, mono ethylhexyl phthalate

MEHHP, mono 2-ethyl-5-hydroxyhexyl phthalate

MEOHP, mono 2-ethyl-5-oxohexyl-phthalate

MHBP, mono 3-hydroxybutyl phthalate

MHiDP, monohydroxy-isodecyl phthalate

MHiINP, mono hydroxy-isononyl phthalate

MiDP, mono isodecyl phthalate

MiNP, mono isononyl phthalate

MMP, mono methyl phthalate

MnBP, mono n-butyl phthalate



MnOP, mono-n-octyl phthalate

MOIDP, monooxoisodecyl phthalate

MOINP, mono oxoisononyl phthalate

NPY, neuropeptide Y

NR, Nuclear Receptors

ROS, reactive oxygen species

PPAR, peroxisome proliferator-activated receptor

20H-MIiBP, mono 2-hydroxy-isobutyl phthalate
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION
A Multidisciplinary Journal of Environmental Sciences, Ecology, and Public Health

Environmental Research: A Multidisciplinary Journal of Environmental Sciences, Ecology, and Public
Health publishes original reports describing studies of the toxic effects of environmental agents
and conditions in humans and animals, including both experimental subjects and ecosystems.
The principal aims of the journal are to increase understanding of the etiology of preventable
disease and environmental impairments, and to increase understanding of the mechanisms by which
environmental agents cause disease and ecological effects. Human impact on the biosphere is
considerable and, thus, an additional aim of the journal is to explore the means by which the adverse
effects of anthropocentric activities can be minimized through new initiatives or changes in policy, at
the local, regional, national, and international scales.

The study of environmental health is inherently multidisciplinary and international. Therefore, the
journal welcomes relevant articles in epidemiology, risk analysis and policy, environmental medicine,
exposure assessment, geosciences and environmental chemistry, and wildlife biology and eco-
toxicology, and ecology. Reports that bridge one or more of these disciplines are particularly
encouraged, as are studies employing biological markers of exposure and/or effect.

The focus of the journal generally excludes papers that report results of toxicology studies or
industrial exposures, unless these papers have clear relevance to environmental topics. The journal
does not generally consider reports of a specific site or source (such as an assessment of releases
or environmental contamination) unless these reports present novel or generalizable information.
However, short papers can be submitted to the Journal as a "Case Report" (see below). Papers
reporting on studies of human subjects must provide written assurance that the research was reviewed
and approved by an appropriate institutional review board (or ethics committee) for the protection of
human subjects. Environmental Research, in common with international practice in science, requires
that all authors must, in denoting measures, utilize the metric system and SI derived units (e.g.,
degrees Centigrade rather than Fahrenheit; Click here.

Reports from the Field

The Journal welcomes short articles on topics of interest to environmental researchers and
practitioners. Appropriate "Reports from the Field" include articles on environmental conditions, new
methods for detection or analysis, updates, and case reports of human or ecosystem exposures and
effects. Articles from around the world are particularly encouraged.

"Reports from the Field" should not exceed 2000 words and need not be divided into sections, although
subheadings may help the reader and are encouraged. Authors must provide a short abstract (less
than 75 words) and no more than two figures or illustrations, no more than 2 tables, and no more
than 15 references. These papers will be peer-reviewed.

Contact Details for Submission

Authors should submit their article via EES, at https://ees.elsevier.com/ER. You will be guided
stepwise through the creation and uploading of the various files. Use the following guidelines to
prepare your article. For any further information please visit our Support Center.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:
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One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Article Content

We are expecting articles of the highest scientific quality. Editorials on what the Journal is expecting
in manuscripts are described in: "On multiple comparisons and on the design and interpretation of
epidemiological studies of many associations" Click here. Authors are also referred to the STROBE
Statement Click here.

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Policy and ethics

You are requested to provide information on funding sources supporting the work described in the
manuscript. For all papers dealing with research or studies on human subjects or experimental
animals, evidence must be provided of review and approval by an appropriately constituted committee
for human subjects or animal research.

The work described in your article must have been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving
humans http://www.wma.net/e/policy/b3.htm; EC Directive 86/609/EEC for animal experiments
http://europa.eu.int/scadplus/leg/en/s23000.htm; Uniform Requirements for manuscripts submitted
to Biomedical journals http://www.nejm.org/general/text/requirements/1.htm. This must be stated
at an appropriate point in the article.

If this information is not provided upon submission, the paper will be returned without
review.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
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2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

Authors must suggest a minimum of 5 names of potential reviewers who should have no conflict
of interests with their work or that of their co-authors, including not working at their institution.
For each suggested reviewer, authors must include: Full name and title, professional affiliation, and
professional email address (avoiding yahoo, hotmail, gmail, etc. addresses). Please make sure that
the email addresses you provide us with are valid and up-to-date. Give also at least one reason why
the author is recommending her/his name as possible reviewer.

Please note that the journal may not use your suggestions. However, your help is appreciated and
may speed up the selection of appropriate reviewers.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.
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Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a humber of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

¢ No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

¢ A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.
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For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3550, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Authors are requested to submit their papers electronically by using online manuscript submission
available at https://ees.elsevier.com/ER. This site will guide authors stepwise through the submission
process. Authors can upload their articles as Microsoft (MS) Word, WordPerfect, or LaTeX files. It
is also possible to submit an article in PostScript or Adobe Acrobat PDF format, but if the article is
accepted, the original source files will be needed. Zipped files containing individual files (letter to
editor, manuscript, tables, figures) can also be downloaded and the online system will extract the
files and allow them to be viewed and labeled. If you submit a word processing file, the system
generates an Adobe Acrobat PDF version of the article for the reviewing process. Authors, reviewers,
and editors send and receive all correspondence by e-mail and no paper correspondence is necessary.
The manuscript will be edited according to the style of the journal, and authors must read the proofs
carefully.

Online submissions require:

Cover Letter: Document (Word, WordPerfect, RTF, PDF, LaTex) containing your cover letter to the
Editors. The following statement should be included in the letter to the editor: " All of the authors
have read and approved the paper and it has not been published previously nor is it being considered
by any other peer-reviewed journal."
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Response to Reviews (Resubmissions Only): Document (Word, WordPerfect, RTF, PDF, LaTex) detailing
your response to the reviewers' and editor's comments of a previously rejected manuscript that you
are re-submitting.

Manuscript: Single word processing (Word, WordPerfect, RTF) or LaTex file consisting of the title page,
abstract, manuscript text, and any figure/table legends.

Manuscript file should include page numbers. Please do not include line numbering as this is
automatically imposed by the editorial system.

Tables: Tables should be separate from the manuscript text, and can be uploaded individually or
consolidated into a single file. The file description you input below when uploading your table must
include the table number or range (e.g. Table 1, Tables 2-4).

Manuscripts must be written in English. There are no submission fees or page charges. Manuscripts
are accepted for review with the understanding that no substantial portion of the study has been
published or is under consideration for publication elsewhere and that its submission for publication
has been approved by all of the authors and by the institution where the work was carried out; further,
that any person cited as a source of personal communication has approved such a citation. Written
authorization may be required at the Editor's discretion. All papers reporting on studies involving
human subjects must include documentation that the study was reviewed and approved, prior to its
conduct, by an appropriate institutional review board for human subjects research. No exceptions
will be made to this requirement. Manuscripts that do not meet the general criteria or standards for
publication in Environmental Research will be immediately returned to the authors without detailed
review.

Environmental Research does not publish proceedings or abstracts from scientific meetings. However,
the journal welcomes submissions of papers from a specific meeting under the following conditions:
1) all papers must be peer-reviewed by the journal; 2) the decision of the editors for publishing
papers is final; 3) proposals for publishing such papers must be submitted in advance of the meeting;
4) the proposers must undertake preliminary review and selection of papers for submission to the
Journal; and 5) these papers must be submitted as a group or within a period of three months to
ensure timely and coordinated publication.

Letters to the Editor

Letters to the Editor (LTEs) are only published extraordinarily and in relation with very special topics.
They are passed to external review only after a previous contact with the Editor-in-Chief, who will
decide rapidly on the potential interest of the LTE for the readers of the Journal.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.
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Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript and
BibTeX to generate your bibliography.

Our LaTeX site has detailed submission instructions, templates and other information.

For original full-length and short communications:
Introduction should be as concise as possible, without subheadings.

Materials and methods should be sufficiently detailed to enable the experiments to be reproduced.
Results and Discussion may be combined and may be organized into subheadings.

For commentaries and articles related to environmental policy, alternate formats will be accepted but
should include an Introduction describing the problem in terms that a general reader will understand.
All statements of fact need to be referenced and papers that make use of newly acquired data must
include a Materials and methods section as well as a Results and Discussion section.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.
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Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Please note that the Journal's online editorial system (EES) now offers automatic line
numbering.

Page 1 should contain the article title, the names and affiliations of all authors, and the name,
telephone and fax numbers, e-mail address, and complete mailing address of the person to whom
all correspondence should be sent.

Page 2 should contain an abstract and five descriptive keywords.

Page 3 provides information on funding sources supporting the work described in the manuscript. For
all papers dealing with research or studies on human subjects or experimental animals, evidence must
be provided of review and approval by an appropriately constituted committee for human subjects
or animal research. If this information is not provided upon submission, the paper will be
returned without review.

For original full-length and short communications:
Introduction should be as concise as possible, without subheadings.

Materials and methods should be sufficiently detailed to enable the experiments to be reproduced or
the study design to be understood fully.

Results and Discussion may be combined and may be organized into subheadings.

For commentaries and articles related to environmental policy, alternate formats will be accepted but
should include an Introduction describing the problem in terms that a general reader will understand.
All statements of fact need to be referenced and papers that make use of newly acquired data must
include a Materials and methods section as well as a Results and Discussion section.
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A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 X
13 c¢cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Keywords

Immediately after the abstract, provide a maximum of 5 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Abbreviations should follow the usage established by Chemical Abstracts. Please restrict the use of
acronyms, especially non-standard ones, as much as possible.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Acknowledgments should be brief and should precede the references. In agreement with the
Commission on Publication Ethics, authors must submit full information on sources of funding and
other support for their work that is presented in their paper.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.
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Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J].C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/environmental-research

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
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the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style
References should be cited in the text by the author's name and year of publication. References should
be listed alphabetically in an unnumbered list at the end of the paper in the following style:

Baecklund, M., Pedersen, N.L., Bjorkman, L., Vahter, M., 1999. Variation in blood concentrations of
cadmium and lead in the elderly. Environ. Res. 80, 222-230.

Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease
and surrounding forest compositions. Mendeley Data, v1. http://dx.doi.org/10.17632/xwj98nb39r.1.

Letourneau, D.K., 1997. Plant-arthropod interactions in agroecosystems. In: Jackson, L.E.(Ed.),
Ecology in Agriculture. Academic Press, San Diego, pp. 239-290.

Morgan, W.K.C., Seaton, A. (Eds.), 1995. Occupational Lung Diseases, 3rd ed. Saunders, Philadelphia,
pp. 308-373.

References drawn from the worldwide web must include the date in which the material was accessed.

The names of journals should be abbreviated according to the latest available edition of Index Medicus
or Chemical Abstracts Service Source Index. Only articles that have been published or are in press
should be included in the references. " Manuscript in preparation," " personal communication," and
" unpublished observation" should be cited as such in the text.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Only articles that have been published or are in press should be included in the references. "Manuscript
in preparation," "personal communication," and "unpublished observation" should be cited as such
in the text.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.
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This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access journal,
now publishes this information in order to make it searchable, peer reviewed, citable and reproducible.
Authors are encouraged to submit their MethodsX article as an additional item directly alongside the
revised version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.
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Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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Highlights

e Phthalates are suspected endocrine disruptors with obesogenic properties
e Epidemiological data in different life stages reveals conflicting results
e Epidemiological association of urinary LMW phthalates and obesity in children

e Multiple mechanisms involved in obesity development can be affected by phthalates



