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Abstract: Additives are defined as substances added to food with the aim of preserving and improv-
ing safety, freshness, taste, texture, or appearance. While indirect additives can be found in traces
in food and come from materials used for packaging, storage, and technological processing of food,
direct additives are added to food with a special purpose (canning). The use of additives is justified if
it is in accordance with legal regulations and does not pose a health or danger to consumers in the
prescribed concentration. However, due to the specificity of the child’s metabolic system, there is a
greater risk that the negative effects of the additive will manifest. Considering the importance of the
potential negative impact of additives on children’s health and the increased interest in the control
and monitoring of additives in food for children, we have reviewed the latest available literature
available through PubMed, Scopus, and Google Scholar. Expert data were taken from publicly avail-
able documents published from January 2010 to April 2022 by internationally recognized professional
organizations. It was found that the most frequently present additives in the food consumed by
children are bisphenols, phthalates, perfluoroalkyl chemicals, perchlorates, pesticides, nitrates and
nitrites, artificial food colors, monosodium glutamate, and aspartame. Increasing literacy about the
presence and potential risk through continuous education of parents and young people as well as
active monitoring of newly registered additives and harmonization of existing legal regulations by
competent authorities can significantly prevent the unwanted effects of additives on children’s health.

Keywords: additives; children; bisphenols; phthalates; perfluoroalkyl chemicals; perchlorate; pesticides;
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1. Introduction

Additives are defined as substances added to food with the aim of preserving and
improving safety, freshness, taste, texture, or appearance. They are used in the process of
industrial production, in order to preserve the quality, that is, the nutritional value of the
food that should reach the consumer. They can be of plant, animal, mineral, or synthetic
origin [1]. Additives are divided into direct and indirect additives. Direct additives include
substances that are added to food with a specific purpose (e.g., preservation). Indirect
additives represent those substances that are found in traces in food and come from
materials used for packaging, storage, or technological processing of food [2].

The use of food additives is justified only if it is in accordance with current legal
regulations, if it does not pose a danger to the health of consumers in the concentration that
is allowed, does not mislead consumers, and serves a well-defined technological function.
It is also necessary to for additives to have a benefit for the consumer, as they are used
in order to preserve the nutritional value of the food, quality, stability, or organoleptic
properties of the food, without changing the nature, composition, and quality, as well as to
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help in production, transport, and storage of food. Additives must not be used to cover up
product defects [3]. Over 10,000 different additives have been approved for use in the food
industry. The most used groups of additives in children’s food are food colors, sweeteners,
preservatives, and flavor enhancers [4]. Research indicates that substances found in food,
as well as materials that come into contact with food as part of packaging or processing
equipment, can potentially negatively affect children’s health. Previously published studies
indicated that bisphenols, phthalates, perfluoroalkyl chemicals, perchlorate, pesticides,
nitrates, nitrites, and synthetic food colors cause special concern regarding children’s
health [5–8], so we have included them in this paper. As there are controversial data for
aspartame and monosodium glutamate concerning health safety in children’s nutrition,
they are included in this review. Table 1 shows the division of additives mentioned in this
review, the method of using additives, the proposed mechanism of action, and the potential
health risks associated with these additives.

Table 1. Summary of food-related uses, the proposed mechanism of action, and health concerns for
the additives discussed in this review.

Additive Use Proposed Mechanism of
Action Intake Risk

Indirect

Bisphenols Coating of primary packaging, cans,
and bottles

Endocrine disruptors
(interfere with the synthesis,

secretion, transport,
metabolism, site of action, or

elimination of hormones)

Polycystic ovary syndrome,
obesity, and increase in

cardiometabolic risk factors

Phthalates
Lubricants, adhesives, and plasticizers

used during the packaging
manufacturing process

Metabolism of phthalates
produces products that affect
the expression of peroxisome

proliferator-activated
receptors (PPARs), which play

a significant role in the
metabolism of lipids and

carbohydrates

Insulin resistance, disorders in
the development of the male

genital system, premature
birth, metabolic disorders, and

cardiac disorders

Perfluoroalkyl
chemicals

They are used for coating and waxing
various materials in the industry, as an

ingredient in items of general use
(textiles, paper, leather, fire

extinguishing foam, and cosmetics), as
part of food packaging, and persistent
organic pollutants that bioaccumulate

in fruits and vegetables

An agonistic effect on the
peroxisome

proliferator-activated receptor,
alteration of the immune

response, and alteration in
thyroid hormone signaling

Developmental neurotoxicity,
immune system disorder,

hyperuricemia, and attention-
deficit/hyperactivity

disorder

Perchlorate

Naturally present in the environment
(atmosphere, soil, and drinking water)
thus gets into food of plant origin, and

is a breakdown product of chlorine
disinfectants used in the process of

purifying drinking water

It disrupts the homeostasis of
the hypothalamic–pituitary–
thyroid axis by competitive
inhibition of iodide uptake

(endocrine disruptor)

Hypothyroidism; negative
effects on growth and

cognitive development of
fetuses, infants, and

young children

Pesticides

Exposure to pesticide residues from
dust that settles on the floor; a diet

based on fruit, milk, and grains that
may contain significant amounts

of pesticides

Interfering with the synthesis,
kinetics, or function of
hormones (endocrine

disruptors); organophosphate
pesticides can interfere with
the synthesis of insulin-like

growth factor 1

It can slow down the
development of the nervous

system and lead to
neurobehavioral deficits,

impaired cognitive abilities
(lower IQ), attention deficit

disorder, altered growth, the
appearance of some types of
carcinomas, and respiratory
problems (rhinitis, cough,

chronic bronchitis,
and asthma)
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Table 1. Cont.

Additive Use Proposed Mechanism of
Action Intake Risk

Direct

Nitrates and nitrites

Preservatives in dried and processed
meat, fish and cheese, milk formula,

biscuits and other snacks;
contaminated water

By reaction with secondary
amines or amides,

carcinogenic N-nitroso
compounds can be formed,
nitrosated stress damage to
cell structures, lipids, cell
membrane, proteins, Na-I

symporter disruptor

Increased risk of colon cancer,
brain tumors in children,

thyroid gland dysfunction,
methemoglobinemia,

premature birth of a child, and
disorders of the

autistic spectrum

Artificial food
colorants (AFC)

Added to food and drinks for aesthetic
reasons

Individuals with
polymorphisms in genes for
histamine degradation have

more severe adverse reactions
to AFC

Hypersensitivity reactions,
behavioral and attention

disorders in children

Monosodium
glutamate

It can be found naturally in tomatoes
and cheese, and as an additive, it is

added to soup cubes, soy sauces, stews,
spices, salty snacks . . .

Sodium overdose due to
excessive consumption, and

neurotoxicity caused by
excessive activation of

glutamate receptors

Increased risk of acute and
chronic neurodegenerative

diseases (amyotrophic lateral
sclerosis, Alzheimer’s disease,

drug addiction, and
schizophrenia), hypertension,
bronchospasm, and Chinese

restaurant syndrome

Aspartame

Artificial sweeteners present in several
sugar-free products (beverages), as

well as in some medications and
vitamin supplements

Deficiency of the
phenylalanine hydroxylase

enzyme leads to the
accumulation of phenylalanine
and the manifestation of toxic

effects

Negative consequences on the
child’s neurological

development due to the toxic
effect of phenylalanine,

increased frequency of mood
disorders, and

frequent headaches

Given the specificity of the metabolic system and significant changes in the body
during development, there is a greater risk of negative effects of additives on the body in
children. In the first three years of life, the caloric intake per kilogram of body weight is
higher, which means that the intake of additives is also higher per kg/body weight (BW)
than in an adult [8].

2. Methodology

Considering the importance of the potential negative impact of additives on children’s
health and the increased interest in the control and monitoring of food additives for children,
the most recent available literature was searched. For the purposes of writing the review
paper, professional and scientific literature, available through PubMed, Scopus and Google
Scholar, were used, with the use of keywords, that is, concepts that are treated in this
paper and their combinations: additives, children, bisphenols, phthalates, perfluoroalkyl
chemicals, perchlorate, pesticides, nitrates, nitrites, synthetic food colors; monosodium
glutamate, and aspartame. Expert data were taken from publicly available documents
published from January 2010 to April 2022 by internationally recognized professional
organizations. Methodology scheme of this review is shown in Figure 1.
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3. Indirect Additives in Children’s Nutrition
3.1. Bisphenols

Bisphenols are substances used in the production of primary packaging, most often
to coat metal cans to prevent corrosion. Bisphenol A (BPA) shows the potential to bind
to the estrogen receptor and induce estradiol-like tissue response and is classified as an
“endocrine disruptor”. According to the definition by the US Environmental Protection
Agency, endocrine disruptors (EDCs) are “exogenous agents that interfere with the syn-
thesis, secretion, transport, metabolism, site of action or elimination of hormones present
in the body, which are responsible for homeostasis, reproduction, and growth”. It is con-
sidered that EDCs are characterized by a long latent period, the effect of bioaccumulation,
transgenerational epigenetic inheritance, in utero and postnatal impact on development,
as well as the synergistic effect of several different EDCs [9]. The Centers for Disease
Control and Prevention (CDC) found BPA in more than 90 percent of the US population
examined, and the highest estimated daily intake of BPA was found in infants and children.
Research conducted so far has observed that exposure to BPA is associated with the onset
of polycystic ovary syndrome, obesity, and an increase in cardiometabolic risk factors in
children [10]. In research in Turkey, which was conducted in the period 2016–2018, it was
observed that exposure to BPA can modify neuroendocrine, reproductive, and metabolic
regulation favoring the development of polycystic ovary syndrome in adolescent girls [11].
Low dose of BPA promotes reversible epigenetic changes in a key adipogenic gene [12].
In a study of 2838 participants aged 6 to 19 years, higher urinary BPA concentrations
were found to be associated with obesity [13]. In a study conducted in Iran at the age of
6–18 years, a statistically significant association was found between BPA exposure and an
increase in waist circumference, body mass index, blood pressure, and glycemia in children
and adolescents [14].

In 2012, the FDA banned the use of BPA in baby bottles and children’s drinking cups,
after several major manufacturers had previously voluntarily removed it. Despite the
ban on BPA in baby bottles, infants are still exposed to this substance through maternal
exposure during pregnancy or through breast milk. It is recommended that pregnant and
lactating women should avoid canned food and carbonated drinks [15]. As the FDA banned
the production of bottles with BPA, alternative compounds, bisphenol F and bisphenol S,
were synthesized. However, some studies show that newly synthesized compounds can
have harmful effects on human health, including children [16].

3.2. Phthalates

Phthalates are diphthalic acid esters that are found in lubricants, adhesives, and
plasticizers during the packaging manufacturing process. In the research carried out
so far, the association of phthalates with the risk of insulin resistance, disorders in the
development of the male genital system, premature birth, metabolic disorders, and cardiac
disorders have been observed. Metabolism of phthalates produces products that affect the
expression of peroxisome proliferator-activated receptors (PPARs), which play a significant
role in the metabolism of lipids and carbohydrates, increasing the risk of insulin resistance.
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Thiazolidine drugs, which act through these receptors, have found therapeutic use in
increasing insulin sensitivity [17].

In a study conducted among adolescents aged 12–19 years, in the U.S., the associa-
tion of di-isononyl phthalate (DINP), di-isodecyl phthalate (DIDP), and di-2-ethyl hexyl
phthalate (DEHP) with the onset of insulin resistance was investigated. DINP and DIDP
are substances used to replace DEHP and are widely present in processed foods. In the
mentioned study, the association of urinary DINP and DEHP, but not DIDP, with the
occurrence of increased insulin resistance was established [18]. Monoethylhexyl phthalate
is a metabolite of DEHP that is associated with disturbances in lipid and carbohydrate
metabolism and contributes to childhood obesity and insulin resistance [19].

Research conducted so far indicates that some phthalates are antiandrogenic and have
a negative effect on the development of the male genital system. In a study by Swan et al.,
it was observed that exposure to DEHP during the first trimester was negatively associated
with the anogenital distance of male, but not female, newborns [20].

In addition, a statistically significant correlation was found between exposure to DEHP
and dibutyl phthalate (DBP) in utero and an increased risk of premature birth [21]. In a
study in which 3266 pregnant women participated, in order to investigate the relationship
between prenatal exposure to phthalates and the risk of premature birth and gestational age,
nonlinear relationships between phthalate metabolites and gestational age were determined.
Exposure to some phthalate metabolites has been found to be associated with an increased
risk of overall preterm and post-term birth [22].

In 1090 pregnant women in the Puerto Rico Test site for Exploring Contamination
Threats (PROTECT) cohort study, the metabolites di-n-butyl phthalate (DBP) and di-
isobutyl phthalate (DiBP) were associated with a higher likelihood of preterm birth. The
authors explain this association with increased oxidative stress and the inflammatory pro-
cess due to exposure to certain phthalates and their metabolites. They indicate that this
hypothesis is supported by animal and in vitro studies that indicate the ability of some
phthalates to cause increased inflammation and oxidative stress [23].

Additionally, because of in utero exposure to phthalates, the so-called “phthalate
syndrome” occurs, which includes malformation of the reproductive organs, shortening of
the anogenital distance, and nipple retention, and the effects are especially pronounced in
male newborns [16]. Research indicates that phthalates because they act pro-inflammatory
and increase oxidative stress, can lead to metabolic and cardiac disorders. According to a
study conducted on neonatal rat cardiomyocytes, exposure to DEHP leads to metabolic
remodeling of cardiomyocytes, whereby heart cells use fatty acids for energy production.
Consequently, there is an accumulation of lipid intermediates, lactate, protons, and reactive
oxygen species. This connection can lead to an increased sensitivity of the heart to ischemia
and the occurrence of ventricular dysfunction [24].

3.3. Perfluoroalkyl Chemicals

Perfluoroalkyl chemicals (PFCs) which include perfluoroalkyl acids (PFAAs), includ-
ing perfluorinated carboxylic acids (PFCAs) and perfluoroalkane sulfonic acids (PFSAs),
are used for the purpose of coating and waxing various materials in industry, then as
conductors, and very often as an ingredient objects of general use (textiles, paper, leather,
fire-fighting foam, and cosmetics) and part of food packaging [25]. Exposure to PFCs
during early development is associated with developmental neurotoxicity and disorders of
the immune system, hyperuricemia, and attention-deficit/hyperactivity disorder [26]. On
the other hand, there are studies that did not establish a link between exposure to PFCs
and attention-deficit/hyperactivity disorder [27].

Although the mechanism of action of PFCs is not clearly established, agonistic action
on the peroxisome proliferator-activated receptor, alteration of the immune response, and
alteration in thyroid hormone signaling are assumed [25–27].

However, due to their long persistence in nature (they are considered persistent organic
pollutants—POPs), bioaccumulation and potential toxicity, perfluorooctane sulfonic acids
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(PFOS) and most of their salts are prohibited for use. According to the 2019 Stockholm
Convention, in order to reduce POPs, perfluorooctanoic acid (PFOA) and its salts are
planned to be phased out [28,29].

Spinach, lettuce, corn, tomatoes, and strawberries easily absorb PFAAs from soil and
air, and plant-based foods represent the most significant dietary source of PFAAs. It has
been estimated that the exposure of children in China aged 2–5 years to perfluoroalkyl
acids is about 60% of the reference dose established by European Food Safety Authority
(EFSA) [25]. In the industrial city of Foshan in China, it was determined that children up to
the age of seven were significantly more exposed to PFCs, up to 40-fold higher than those
reported in China and other countries [26].

Analysis of breast milk samples shows that newborns and infants up to 6 months of
age in Spain are not at risk of excessive dietary exposure to PFAAs, as PFAAs were detected
in concentrations that are also below the acceptable daily intake established by EFSA [30].
Exposure of children and adults to PFOS and PFOA in Flanders (Belgium) did not exceed
tolerable daily intake (TDI) values in a study published in 2012, although the average daily
intake of these compounds is three times higher in children than in adults [31]. A study
conducted in California shows that the concentration of PFOA is higher in children aged
2–8 years than in their parents. Significant positive predictors for individual serum PFC
concentrations in children were the frequency of consumption of fish, hotdogs, chicken
croquettes, French fries, chips, and microwave popcorn. It is important to note that the
frequency of wearing waterproof clothing was a significant positive predictor and that the
concentrations of PFCs in serum in children moderately correlated with the concentration
of PFCs in the dust. It can be concluded that, apart from food, food packaging and other
environmental sources, such as dust, have a significant contribution to PFC exposure in
children [32].

3.4. Perchlorate

Perchlorate is naturally present in the environment: it occurs in the atmosphere, it is
also found in soil and drinking water, and in this way, it can get into food, primarily of
plant origin [33,34]. Additionally, it occurs as a breakdown product of chlorine disinfectants
used in the process of purifying drinking water, which is another source of perchlorate in
water [34]. As with exposure to pesticides, diet represents the most significant route of
exposure to perchlorates [33,35].

Perchlorate disrupts the homeostasis of the hypothalamic-pituitary-thyroid axis by
competitive inhibition of iodide uptake and can cause hypothyroidism, and consequently
negative effects on the growth and cognitive development of fetuses, infants, and small
children [35,36]. For the aforementioned reasons, exposure to perchlorates is recognized
as one of the threats to children’s health, and perchlorate is classified as an endocrine
disruptor [37].

EFSA proposed a limit of 20 µg kg−1 as the limit value of perchlorate content in
ready-to-eat food for infants and young children, i.e., 10 µg kg−1 for infant formulas [36].
By examining about 100 samples of ready-made, commercial food for infants and children,
available on the Italian and Serbian markets, it was determined that in 10% of the samples
the perchlorate content was quantified, but in a concentration that does not pose a health
risk [34]. It was concluded that the appearance of perchlorate is sporadic and depends on
the type of food—it is mostly quantified in ready-made vegetable food [34].

Based on average dietary intake, a study from Canada found that dietary exposure of
children aged 1–5 years to perchlorates was below 10 µg/kg BW/day, with higher exposure
in younger children [38]. Relative to the reference dose of 0.7 µg/kg/day established by
the Environmental Protection Agency, Valentín-Blasini et al. estimated that the perchlorate
exposure of breastfed infants was greater than that of infants fed cow’s milk or soy-based
formulas [39]. A study that included newborns and infants up to 6 months of age from
France points out that the reference dose of 0.7 µg/kg/day was not exceeded in 95% of
cases, but that an exceedance may occur if the water used to reconstitute the formula
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has a higher perchlorate content, and therefore the risk cannot be excluded [40,41]. In
China, perchlorate was detected in over 90% of samples of breast milk, infant formula, baby
supplementary food, and drinking water; however, according to the exposure assessment
based on the tested samples, the authors believe that consumption will not pose a risk to
children [35]. According to the results of a study conducted in Kuwait, the population
exposure to perchlorate is estimated to be higher than in America, but still less than the
reference 0.7 µg/kg body weight (BW)/day. Children aged 3–5 years are the most exposed
group, and green leafy vegetables and other vegetables and fruits, respectively, are the
foods with the greatest contribution to perchlorate exposure [33]. Green leafy vegetables
make a significant contribution to the concentration of perchlorate in urine according to the
conclusions of studies conducted in the United States of America (USA) and Austria [37,42].

Based on a representative sample of the USA population, including children aged 6–11
years and adolescents aged 12–19 years, it was concluded that food and drinking water
from the tap contribute significantly to the concentration of perchlorate in urine, with food
having a greater contribution [42]. For infants and children 3–9 years from Austria, it was
estimated that the TDI of 0.3 µg/kg BW/day was not exceeded if the average daily intake
was observed; however, if the intake was higher than the average, both groups were at risk
of being exposed to perchlorate in a content greater than TDI [37].

3.5. Pesticides

Exposure of children to pesticides is a significant problem since it can slow down the
development of the nervous system [43,44] and lead to neurobehavioral deficits [43,45,46],
impairment of cognitive abilities (lower intelligence quotient (IQ)), attention disorders,
altered growth, the occurrence of rarer types of cancer [43,46], respiratory problems (rhinitis,
cough, chronic bronchitis, and asthma) and other serious health consequences [46,47].

Children are often exposed to harmful chemical compounds in higher doses than
adults: they put their hands in their mouths, spend more time on the floor (and are exposed
to pesticide residues from the dust that settles on the floor, and their diet is usually based on
a smaller number of foods, predominantly on fruit and milk, which may contain significant
amounts of pesticides. Additionally, the caloric intake of children calculated on BMI is
up to 2.5 times higher compared to adults, the percentage of absorption is higher, and the
degree of metabolism and elimination of harmful compounds is lower, together making
the child’s body more vulnerable and susceptible to (harmful) external influences [43,46].

Exposure to pesticides during pregnancy can contribute to improper growth and
development of the fetus, and to the birth of an infant with low body weight [46] and
abnormal primitive reflexes. Exposure is also associated with the previously mentioned
cognitive and motor disorders in children in later childhood [45]. Exposure to organophos-
phate pesticides is also associated with an increased risk of attention deficit hyperactivity
disorder (ADHD) and autism spectrum disorder (ASD) [45,48].

Because of their tendency to interfere with hormone synthesis, kinetics, or function,
pesticides are also recognized as EDCs [49]. Organophosphate (OP) pesticides can interfere
with the synthesis of insulin-like growth factor 1 (IGF-1) [50]. In a cross-sectional study
in the district of Brebes, Indonesia, where agriculture is represented as an activity, it was
determined that the prevalence of children with hypothyroidism, with an average age of
9 years, was higher in the group of children in whom OP pesticide metabolites—dialkyl
phosphate metabolites (DAP)—were detected in their urine, compared to children in whom
the same metabolites were not detected in urine [44].

It is considered that exposure to OP pesticides through food represents the primary
source of exposure [51,52] and is a significant source of exposure in the child population
as well [53]. A study from France detected residual pesticides in 67% of food samples
intended for infants and children up to 3 years of age. Residues were quantified in 27% of
baby foods and 60% of common foods. In the upper-bound scenario, toxic reference values
were exceeded for dieldrin, lindane, and one propineb metabolite [54].
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Cequier et al. in a study from 2016, based on urinary biomarkers, determined that
the exposure of mothers and children to OP pesticides from Norway corresponds to
the exposure of mothers and children from other countries, where agriculture is a more
prevalent activity than in Norway [55]. The authors suggest that the reason for the similar
level of exposure to OP pesticides in Norwegian subjects, where it is considered that there
is no such exposure at the workplace (agriculture), could be the consumption of imported
foods [52].

In a study conducted in Israel, in which children aged 6–11 years participated, it
was found that the amount of fruit and vegetable intake correlated with the urinary
concentration of DAP metabolites. It was determined that the concentration of DAP
metabolites in urine was twice as high in children who consumed cucumbers, compared
to children who did not consume them, and that the concentration of DAP metabolites in
urine was three times higher in children who consumed apples, compared to children who
did not consume. Although the study has certain limitations, the authors suggest that the
consumption of fruits and vegetables, especially apples and cucumbers, could be the cause
of increased exposure to OP pesticides in children from Israel, whose exposure is higher
compared to children from other countries [45].

Holme et al. examined the influence of consumption of fruit, fruit juices, and vegeta-
bles on exposure to OP pesticides in children from the USA, from the region of the federal
state of Washington, where agriculture is the predominant activity. The respondents were
aged 1–7 years and small variations were observed in the consumption of fruits, fruit juices,
and vegetables depending on the season and the occupation of the parents (whether the
parents are engaged in agriculture or not). A statistically significant positive correlation was
found between the frequency of vegetable consumption and the concentration of dimethyl
derivatives of OP (DMAP) pesticides in children of farmers, but not in children whose
parents are not engaged in agriculture. Such patterns were not observed for the frequency
of fruit or vegetable consumption and urinary concentrations of diethyl derivatives of
OP pesticides (DEAP) for any of the cohorts, nor for the period of thinning or harvest of
crops/plantings of agricultural crops. In the population of children whose parents are
not farmers, a positive association was observed between apple consumption and urinary
DMAP concentration in the period of crop thinning, while, quite unexpectedly, the opposite
trend was observed in the children of farmers, also in the period of crop thinning. The
authors conclude that in the examined samples, there is no relationship between data on
the subjects’ fruit and vegetable consumption and the concentration of OP metabolites in
urine. They believe that in environments where agriculture is an activity, ambient exposure
to pesticides can greatly influence the results of testing the relationship between diet and
urinary concentrations of metabolites of OP pesticides and that eliminating ambient expo-
sure as a confounding factor in the study is not easily feasible, nor is the estimation of the
size of the influence of diet on said exposure [53].

A study from 2001 indicates that in children from North Carolina and Ohio, USA,
consumption of fresh apples and fruit juices three times a week or more often is a predictor
for increased concentration of the nonspecific metabolite OP pesticide chlorpyrifos; that is,
that consumption of chicken and turkey three times a week and more often is a predictor for
increased concentrations of the nonspecific metabolite of permethrin, a pyrethroid pesticide
(insecticide) [56]. A 2016 study from Spain indicates that consumption of vegetables,
legumes, and grains are among the most significant predictors of exposure to pesticides
(OPs, pyrethroids, and herbicides) in children aged 5–12 years, but finds no evidence to
support potential health risks from exposure pesticides [57]. In a study conducted in New
York, USA, the authors showed that the consumption of fruit, cereals, and meat are the
most significant predictors of the concentration of metabolites of OP pesticides in the urine
of pregnant women: an increased intake of fruit and cereals positively correlates with the
concentration of metabolites of OP pesticides, while an increased intake of meat negatively
correlates with the concentration metabolites of OP pesticides [58].
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Mehta et al. detected p, p’- dichlorodiphenyldichloroethylene (p, p′-DDE) and p,
p’-dichlorodiphenyltrichloroethane (p, p′-DDT) in 5% and 4% of breast milk samples
from lactating Indian women, respectively. The authors state that the concentrations of
the mentioned pesticides are below the maximum allowed residue level and those other
authors obtained similar results in studies also conducted in India [59].

Organochlorine pesticides were detected in more than 60% of samples of baby food
prepared by Korean mothers, most often p, p′-DDE, p, p′-DDT, β-hexachlorocyclohexane
(β-HCH), and p, p′-dichlorodiphenyldichloroethane (p, p′-DDD). The average proportion
of p, p′-DDT in the total amount of organochlorine pesticides per sample was twice as high
in food samples for 15-month-old children than for 6-month-old infants, most likely due to
the use of other foods in the diet of 15-month-old children. Organochlorine pesticides were
detected in concentrations below the permissible limit according to the US and Canadian
health agencies [60].

The neonicotinoid pesticide imidacloprid, which was introduced as a replacement for
organochlorine pesticides, was detected in 15% of fruit, vegetable, and grain samples in a
study from India in 2012, and in some samples, it was present in an amount higher than
the permitted value, while it was not detected in infant food [61]. In a study from Serbia by
Torović et al., the presence of pesticides was detected in about 50% of baby food samples,
and the most frequently detected were the neonicotinoid pesticide acetamiprid and the
benzimidazole fungicide carbendazim. Baby food samples from domestic producers were,
in comparison with baby food samples from foreign producers, in a significantly higher
percentage of positive or noncompliant, more often containing a higher number of residues
or the maximum allowed number of residues per sample, although based on the risk
assessment, the examined samples did not represent the risk of acute and chronic adverse
effects of exposure [62].

Similar results were obtained in a study conducted in Taiwan: in samples of cooked
food intended for infants and children up to 6 years of age, acetamiprid was the most
frequently detected neonicotinoid residual pesticide. Due to higher exposures, acetamiprid
and subsequently imidacloprid were recognized as pesticides of interest due to potential
adverse health effects. In this study, neonicotinoid pesticides were most often identified in
canned fruit, cherry tomatoes, oilseed rape, bael fruit, and baby bok choy. However, the
overall conclusion is that the subjects’ exposure to neonicotinoid residual pesticides through
food does not pose a health risk, as it is below the limit for acceptable daily intake [63].

As part of the ORGANIKO LIFE+ randomized crossover study, which examined the
effect of organic food on the body, children from Cyprus, aged 11–12 years, were divided
into two groups. In one group, the intervention, that is, a 40-day diet based on organic food
preceded a 40-day period of a conventional diet, while in the other group, the order was
reversed. Intake of organic foods for 40 days led to a reduction in exposure to pyrethroid
and neonicotinoid pesticides, and to a reduction in biological markers of oxidative stress
and inflammation in subjects. This study, therefore, points to the importance of organic
food as a relatively simple strategy to reduce children’s exposure to pesticides [64]. The
advantages of switching to organic production in the context of the negative consequences
of pesticides on health were also recognized by other authors [65].

4. Direct Additives in Children’s Nutrition
4.1. Nitrates and Nitrites

Nitrates and nitrites are used as preservatives in cured and processed meats, fish, and
cheese. Nitrates have harmful effects on the human body only when they are converted
into nitrites. Nitrates are inert in mammalian tissues, but symbiotic bacteria that are part
of the normal microbiota flora of the oral cavity and gastrointestinal system can reduce
them to nitrites [66]. The intake of nitrates and nitrites and their reaction with secondary
amines or amides can produce carcinogenic N-nitroso compounds in the body. In 2015,
the International Agency for Research on Cancer specifically classified processed meat
(which includes meat that has been salted, dried, or otherwise altered to improve flavor and
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preservation) as a Group 1 human carcinogen. Such meat processing leads to an increased
formation of N-nitroso compounds, which are associated with the risk of colon cancer [67].

Increased intake of nitrite-rich processed meat during pregnancy is associated with an
increased risk of brain tumors in children. Nitrates can also lead to thyroid dysfunction in
the same way as perchlorates. In recent years, the use of alternative sources of preservatives,
such as celery powder, in products labeled as “natural” and “organic” has increased. These
products may also contain nitrates and nitrites in concentrations that may be equivalent to
or greater than those found in traditional products that use sodium-based preservatives [68].

In the context of human health effects, nitrites, nitrates, and related types of nitrogen
compounds such as nitric oxide continue to be the subject of increasing scientific controversy.
An increase in the content of reactive nitrogen compounds can lead to nitrosative stress—a
harmful process that can be an important mediator of damage to cell structures, lipids, cell
membranes, proteins, and deoxyribonucleic acid [69].

The consequences of consuming products with increased concentrations of these
additives are particularly pronounced in more sensitive population groups, such as the
pediatric population. Compared to nitrates, the amount of nitrite that is ingested in the
normal diet of adults is relatively small. However, the nitrate–nitrite–NO pathway in
infants does not occur in the same way as in adults due to reduced bacterial conversion of
nitrate to nitrite in the oral cavity. When it comes to feeding children and infants, nitrites
and nitrates can often be found in infant formula and other baby foods. They enter milk
formulas through contaminated water used in the industrial preparation of milk formulas.
Adequate nutrition in the first year of life is crucial for the development of the nervous,
reproductive, digestive, respiratory, and immune systems, and all these functions can be
impaired by the presence of nitrates and nitrites in the child’s diet. The most common
and most dangerous toxic side effect of these additives in the diet of children aged 0 to 6
months is acquired methemoglobinemia (gray baby syndrome) or worsening of the health
condition of children with hereditary methemoglobinemia. Methemoglobin is a form of
hemoglobin in which iron is oxidized from divalent to trivalent, which does not have the
ability to carry oxygen [70]. Symptoms of methemoglobinemia include headache, pallor,
fatigue, weakness, feeling of lack of air, seizures, coma, and death [71].

An increased intake of nitrates and nitrites in the diet is also associated with cancer,
hypertension, increased infant mortality, congenital malformations of the central nervous
system, diabetes, spontaneous abortions, respiratory tract infections, and immune system
disorders [72].

A study conducted in Turkey compared nitrate and nitrite levels in infant formula
and biscuits for children aged 0 to 36 months to assess cancer risk. The average exposure
to nitrates and nitrites was 0.03 mg/kg BW/day. The concentrations of both additives
were higher in formulas compared to biscuits, and it was concluded that exposure to these
additives in food represents a potential risk for children’s health, and the highest level of the
hazard index is represented in the age group from 0 to 6 months [73]. A study published in
2011 conducted among preschool and school-aged children in Sweden tracked the average
intake of nitrite and nitrate in this population. The research was conducted in spring and
autumn, in order to exclude possible seasonal differences, in three age groups (preschool
children aged 4 years, children aged 8–9 years, and 11–12 years). The concentrations of
nitrites and nitrates in meat products, fruits, vegetables, and drinking water were calculated,
and in the next step, the daily intake of these additives was calculated in mg/kg BW. The
results, taking into account the endogenous conversion of nitrates to nitrites, showed that
12% of children aged 4 years, 3% of children aged 8 to 9 years, and 1% of children aged
11 to 12 years exceeded the total daily intake of nitrites. Compared to other Scandinavian
countries, the total intake of nitrite and nitrate among these populations in Sweden was
significantly lower, possibly due to the relatively low nitrate content of Swedish vegetables.
In addition, the vegetable intake in this study was low compared to the mean vegetable
consumption of European children of the same age [74].
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An analysis of processed grain-based food and food intended for infants and young
children did not determine concentrations of nitrites and nitrates that exceed the maximum
values prescribed by the Commission for Food Additives and Flavorings of the European
Food Safety Agency [75].

Children’s health is also affected by the mother’s diet during pregnancy and lactation,
so nitrates and nitrites can also be found in breast milk [76]. Apart from the negative conse-
quences for the health of the infant, the presence of nitrites in breast milk has a protective
role to a certain extent. They can compensate for nitrite deficiency during the early neonatal
period until the enterosalivary nitrate–nitrite–nitrogen oxide pathway is established. Breast
milk rich in nitrites plays a role in the prevention of neonatal infections and gastrointesti-
nal diseases by ensuring the bioavailability of nitric oxide. Nitric oxide, under a, so far,
unexplained mechanism, helps the child adapt to the extrauterine environment [77].

On the other hand, consumption of nitrate-rich drinking water during pregnancy can
potentially lead to premature birth [78]. Additionally, the consumption of drinking water
rich in nitrates in early childhood is associated with an increased risk of brain tumors in
children, adolescents, and young adults [79].

In addition to brain tumors, the development of thyroid cancer is more common.
Nitrate is a competitive inhibitor of the Na-I symporter, thus preventing the absorption of
iodine in the thyroid gland, which leads to an increase in thyrotropin, which compromises
the synthesis of thyroid hormones. Chronic stimulation of the thyroid gland leads to
proliferative changes such as hypertrophy, hyperplasia, and neoplasia [80].

Certain studies have shown higher nitrite concentrations in the saliva of male children
with autism spectrum disorders. The results showed that nitrite was present in higher con-
centrations in male children with ASD than in boys with normal neurological development
(ND). Additionally, a positive correlation between salivary nitrite and serum nitrate was
observed only in children with ADS, but not in the ND group. This preliminary study lays
the groundwork for future studies investigating saliva as a noninvasive diagnostic fluid for
ASD, as well as the role of NO in autism diagnosis and therapy [81].

Regardless of the fact that most of the research conducted on the concentration of
nitrites and nitrates in commercial products for children’s nutrition did not show that the
concentrations of these additives exceed the limit values prescribed by law, the previously
mentioned research indicates that the excessive consumption of food with the addition
of nitrites and nitrites can still represent a risk and to lead to serious consequences for
children’s health.

4.2. Artificial Food Colorants

Artificial food colorants (AFCs) are added to food and beverages for aesthetic reasons,
resulting in brightly colored products that are particularly attractive to children. In some
cases, AFCs serve as nutrient substitutes, such as fruit juices that contain little or no fruit.
Each synthetic food coloring is marked with an official number that may vary from country
to country. The International Numbering System (INS), created by the World Health
Organization and the Food and Agriculture Organization, uses the numbers 100 to 199.
EFSA also applies INS with the addition of the prefix “E” to denote “Europe”, and this
numbering system includes both synthetic food colors (whether they are safe for use or
not) and natural food colors. In contrast to the European Union, the numbering systems in
the USA prescribed by the Federal Food, Drug, and Cosmetic Act separate synthetically
produced colors that have passed a safety check, from colors obtained from natural sources
that do not require a safety check for use [82].

The permitted colors are Carmoisine/Azorubine (E 122), Ponceau 4R (E 124), Ery-
throsine (E 127), Allura Red (E 129), Tartrazine (E 102), Sunset yellow FCF (E110), In-
digotine/Indigo Carmine (E132), Brilliant Blue FCF (E 133), and Fast Green FCF (E 143),
and the federal law prescribes acceptable daily intakes of these additives expressed in
mg/kg BW/day [83]. Studies published recently show that Brilliant Blue (E133) (54.1%)
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and Tartrazine (E102) (42.3%) are the most used permitted artificial color additives in the
various analyzed food items [84].

AFC use is widespread, as demonstrated by a 2016 study conducted in North Carolina.
This study assessed the prevalence of AFC-added food products intended for children. It
was observed that 41 out of 66 companies marketed products containing AFC, 43.2% of
products contained AFC, and the highest percentage of AFC contained candies (96.3%),
fruit-flavored snacks (94%), and powdered mixes for drinking (89.7%) [85].

These results are supported by a study conducted in Saudi Arabia on children aged
6–17 years, which shows that the highest percentage of AFC was found in juices and other
drinks, as well as in ice cream and cakes [84]. Given that children use products containing
AFCs significantly more often than adults, they are also more susceptible to adverse health
effects due to the consumption of products containing AFCs, such as hypersensitivity
reactions, behavioral and attention disorders in children, and learning difficulties [82,86].

Stevenson et al. found that children with certain polymorphisms in genes for histamine
degradation have more serious negative reactions to AFC, given that histamine plays a
role as a neurotransmitter, is responsible for alertness, and plays a role in the manifestation
of hypersensitivity reactions [87]. The most popular artificial food coloring, tartrazine
yellow, was once thought to be a potential trigger for asthma, allergic rhinitis, and urticaria
flare-ups in atopic patients. However, a double-blind, placebo-controlled, crossed-over
challenge was performed in 26 atopic patients, and there were no appreciable cutaneous,
respiratory, or cardiovascular symptoms as compared to placebo [88]. Some AFCs can be
genotoxic, while some AFCs are contaminated with benzidine and other carcinogens [89].
Additionally, exposure to artificial food dyes in childhood may contribute to learning
disabilities. Prenatal exposure to AFC alters the concentration of N-methyl-D-aspartate
receptor subunits involved in learning and memory formation processes [90].

4.3. Monosodium Glutamate—A Flavor Enhancer

Aroma enhancers are additives that stimulate the action of already present food
aromas and thereby enable the achievement of more pronounced aromatic properties of
food [91].

Monosodium glutamate is the sodium salt of glutamic acid and is an integral part of
some plant and animal proteins and makes up 10–25% of all proteins in human food [91]. It
is mostly found naturally in foods, such as tomatoes and cheese. As an additive, it is added
to soup cubes, soy sauces, stews, spices, salty snacks, etc. [92]. Monosodium glutamate is
used primarily as an umami (meaty and salty) flavor enhancer [93,94]. One of the most
controversial food additives that the Food and Drug Administration has allowed for use is
monosodium glutamate. Although it is “generally regarded as safe” (GRAS) by regulatory
agencies to be used in the food supply, some research indicates that it may have a negative
health impact [92,95–101].

Glutamic acid is easily metabolized in the human body [92]. Since glutamate is an
important neurotransmitter, some studies show that its excess intake may pose a health
risk, especially to children. Neurotoxicity caused by excessive activation of glutamate
receptors is associated with the risk of developing acute and chronic neurodegenerative
diseases such as amyotrophic lateral sclerosis, Alzheimer’s disease, drug addiction, and
schizophrenia [95].

Glutamic acid has two COOH groups that, under certain pH conditions, can be found
as zwitter ions and bind two sodium cations. The goal of using glutamate is to reduce
sodium chloride intake by enhancing the salty taste [91]. However, excessive consumption
of glutamate can lead to excessive intake of sodium (salt poisoning) and trigger the so-
called Chinese restaurant syndrome, characterized by symptoms that include sweating,
headache, flushing, and in more severe cases, throat swelling and chest pain [96].

Excessive sodium intake may pose a risk for hypertension in children and adults, and
of particular concern is the increased sodium intake among the population older than two
years [97–99].
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Some studies also point out that glutamate can cause bronchospasm and lead to
asthma exacerbation or migraine [100,101].

4.4. Aspartame—Sweetener

Food additives that are used to improve sweetness with or without adding extra
calories are called sweeteners [102–105]. Aspartame (E-951) is an artificial sweetener used
as a substitute for sugar and it is present in several sugar-free products, as well as in some
medications and vitamin supplements [102–104].

It is added to nonalcoholic and alcoholic beverages, which most often bear the indica-
tion “zero sugar” [105].

In the intestine, aspartame undergoes complete breakdown into phenylalanine, aspar-
tic acid, and methanol, which are further absorbed, metabolized, and excreted. Aspartame
is contraindicated for use in people who have reduced activity of the phenylalanine hydrox-
ylase enzyme that needs to metabolize phenylalanine. The conversion of phenylalanine
to tyrosine is successful, so phenylalanine accumulates in the blood and brain, which can
lead to negative consequences for the child’s neurological development. If a deficiency
of this enzyme is determined, absolute restriction of the consumption of all products con-
taining phenylalanine or compounds that are metabolized to phenylalanine in the body is
advised [105]. The safety of aspartame has been studied since its discovery and is one of
the most rigorously tested food ingredients [106]. Despite its extensive use, there are still
questions about its safety [107,108].

There are scientific studies that point to the potential association of aspartame with se-
rious health problems, including the occurrence of tumors, cardiovascular disease, epilepsy,
stroke, dementia, and Alzheimer’s disease [106,109]. The association of aspartame intake
with increased frequency of mood disorders and headaches was also observed, but this
was not confirmed among children [110,111]. A recent study found a correlation between
consumption of aspartame in artificially sweetened soft drinks and early menarche [112].

One case study conducted on a child (11 years old), proposed a connection between
systemic contact dermatitis and consummation of montelukast chewable tablets (which
contained aspartame) and usage of all personal health products containing aspartame [113].

The previously presented data justify the question of the risk of adding aspartame
to “diet” drinks or slimming products. On the other hand, over 100 regulatory agencies
in developed countries, including the US Food and Drug Administration, the British
Food Standards Agency, and the European Food Safety Agency, consider aspartame safe
for human use in recommended amounts of consumption [106,109]. Since the currently
available data are ambiguous when it comes to the safety of aspartame consumption,
additional follow-up studies are necessary in order to evaluate potential benefits and risks.

5. Limitations

Since we performed a narrative review, there is a reasonable possibility that not all
available evidence on the topic was considered, even though three remarkable health-
related electronic databases were included in the search. Our main objective was to discuss
some of the most concerning additives children have high exposure to. Thus, we did
not discuss all classes of additives. It can be said that the limitation is that the review
refers only to the child population. We believe that a systematic review on the subject,
including an adult population, would be a significant contribution to scientific and other
relevant communities.

6. Conclusions

The use of food additives is justified only when it serves a well-defined technological
function, when it is limited, and does not adversely affect the nutritional value of food,
without posing a health risk to consumers. Of the numerous additives in use, bisphenols,
phthalates, perfluoroalkyl chemicals, perchlorates, pesticides, nitrates and nitrites, artificial
food colors, monosodium glutamate, and aspartame are most often found in food consumed
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by children. Due to the still-insufficient development of the children’s bodies, they are
more susceptible to the harmful effects of additives than adults. That is why it is important
to carry out continuous education of parents and young people with the aim of increasing
literacy about the presence and potential risk of additives present in food for children.
Competent authorities have a central function in the reduction in risks and the prevention of
negative health consequences; therefore, it is necessary to actively monitor the appearance
of newly registered additives and harmonize existing legal regulations. It is necessary to
continuously conduct research in order to more clearly determine the impact of additives
on children’s health, considering their wide distribution and daily use.
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Bisphenol A and Phthalate Levels in Adolescents with Polycystic Ovary Syndrome. Gynecol. Endocrinol. 2019, 35, 1084–1087.
[CrossRef]

12. Longo, M.; Zatterale, F.; Naderi, J.; Nigro, C.; Oriente, F.; Formisano, P.; Miele, C.; Beguinot, F. Low-Dose Bisphenol-A Promotes
Epigenetic Changes at Pparγ Promoter in Adipose Precursor Cells. Nutrients 2020, 12, 3498. [CrossRef]

13. Trasande, L.; Attina, T.M.; Blustein, J. Association between Urinary Bisphenol A Concentration and Obesity Prevalence in
Children and Adolescents. JAMA 2012, 308, 1113–1121. [CrossRef]

https://www.who.int/news-room/fact-sheets/detail/food-additives
https://www.who.int/news-room/fact-sheets/detail/food-additives
https://www.fda.gov/food/food-ingredients-packaging/overview-food-ingredients-additives-colors
https://www.paragraf.rs/propisi/pravilnik-o-prehrambenim-aditivima-republike-srbije.html
https://www.paragraf.rs/propisi/pravilnik-o-prehrambenim-aditivima-republike-srbije.html
http://doi.org/10.23750/abm.v90i3-S.8168
http://www.ncbi.nlm.nih.gov/pubmed/30830065
http://doi.org/10.1542/peds.2018-1410
http://www.ncbi.nlm.nih.gov/pubmed/30037972
http://doi.org/10.1016/j.ijgo.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/26433469
http://doi.org/10.1210/er.2015-1093
http://www.ncbi.nlm.nih.gov/pubmed/26414233
http://doi.org/10.1007/s12020-016-1158-4
http://www.ncbi.nlm.nih.gov/pubmed/27822670
http://doi.org/10.1210/endocr/bqaa171
http://doi.org/10.1080/09513590.2019.1630608
http://doi.org/10.3390/nu12113498
http://doi.org/10.1001/2012.jama.11461


Int. J. Environ. Res. Public Health 2022, 19, 13452 15 of 18

14. Amin, M.M.; Ebrahim, K.; Hashemi, M.; Shoshtari-Yeganeh, B.; Rafiei, N.; Mansourian, M.; Kelishadi, R. Association of Exposure
to Bisphenol A with Obesity and Cardiometabolic Risk Factors in Children and Adolescents. Int. J. Environ. Health Res. 2019, 29,
94–106. [CrossRef]

15. Murphy, A. Are Bisphenol A (BPA) Plastic Products Safe for Infants and Children? National Center for Health Research. Available
online: https://www.center4research.org/bisphenol-bpa-plastic-products-safe-infants-children/ (accessed on 30 July 2022).

16. Encarnação, T.; Pais, A.A.; Campos, M.G.; Burrows, H.D. Endocrine Disrupting Chemicals: Impact on Human Health, Wildlife
and the Environment. Sci. Prog. 2019, 102, 3–42. [CrossRef] [PubMed]

17. Eldor, R.; DeFronzo, R.A.; Abdul-Ghani, M. In Vivo Actions of Peroxisome Proliferator-Activated Receptors: Glycemic Control,
Insulin Sensitivity, and Insulin Secretion. Diabetes Care 2013, 36 (Suppl. 2), S162–S174. [CrossRef] [PubMed]

18. Attina, T.M.; Trasande, L. Association of Exposure to Di-2-Ethylhexylphthalate Replacements with Increased Insulin Resistance in
Adolescents from NHANES 2009–2012. J. Clin. Endocrinol. Metab. 2015, 100, 2640–2650. [CrossRef]

19. Trasande, L.; Attina, T.M.; Sathyanarayana, S.; Spanier, A.J.; Blustein, J. Race/Ethnicity-Specific Associations of Urinary Phthalates
with Childhood Body Mass in a Nationally Representative Sample. Environ. Health Perspect. 2013, 121, 501–506. [CrossRef]
[PubMed]

20. Swan, S.H.; Sathyanarayana, S.; Barrett, E.S.; Janssen, S.; Liu, F.; Nguyen, R.H.N.; Redmon, J.B.; TIDES Study Team. First Trimester
Phthalate Exposure and Anogenital Distance in Newborns. Hum. Reprod. 2015, 30, 963–972. [CrossRef]

21. Kahn, L.G.; Philippat, C.; Nakayama, S.F.; Slama, R.; Trasande, L. Endocrine-Disrupting Chemicals: Implications for Human
Health. Lancet Diabetes Endocrinol. 2020, 8, 703–718. [CrossRef]

22. Gao, H.; Wang, Y.-F.; Huang, K.; Han, Y.; Zhu, Y.-D.; Zhang, Q.-F.; Xiang, H.-Y.; Qi, J.; Feng, L.-L.; Zhu, P.; et al. Prenatal Phthalate
Exposure in Relation to Gestational Age and Preterm Birth in a Prospective Cohort Study. Environ. Res. 2019, 176, 108530.
[CrossRef]

23. Ferguson, K.K.; Rosen, E.M.; Rosario, Z.; Feric, Z.; Calafat, A.M.; McElrath, T.F.; Vélez Vega, C.; Cordero, J.F.; Alshawabkeh, A.;
Meeker, J.D. Environmental Phthalate Exposure and Preterm Birth in the PROTECT Birth Cohort. Environ. Int. 2019, 132, 105099.
[CrossRef]

24. Posnack, N.G.; Swift, L.M.; Kay, M.W.; Lee, N.H.; Sarvazyan, N. Phthalate Exposure Changes the Metabolic Profile of Cardiac
Muscle Cells. Environ. Health Perspect. 2012, 120, 1243–1251. [CrossRef]

25. Zhang, M.; Wang, P.; Lu, Y.; Lu, X.; Zhang, A.; Liu, Z.; Zhang, Y.; Khan, K.; Sarvajayakesavalu, S. Bioaccumulation and Human
Exposure of Perfluoroalkyl Acids (PFAAs) in Vegetables from the Largest Vegetable Production Base of China. Environ. Int. 2020,
135, 105347. [CrossRef]

26. Zhang, R.; Wei, Q.; Li, M.; Li, Z.; Lin, W.; Ma, A.; Zhou, Z. Exposure of Children Aged 0–7 Years to Perfluorinated Compounds in
Foshan, China. Environ. Sci. Pollut. Res. Int. 2017, 24, 23299–23308. [CrossRef] [PubMed]

27. Ode, A.; Källén, K.; Gustafsson, P.; Rylander, L.; Jönsson, B.A.G.; Olofsson, P.; Ivarsson, S.A.; Lindh, C.H.; Rignell-Hydbom,
A. Fetal Exposure to Perfluorinated Compounds and Attention Deficit Hyperactivity Disorder in Childhood. PLoS ONE 2014,
9, e95891. [CrossRef] [PubMed]

28. Pops.int. Governments Unite to Step-up Reduction on Global DDT Reliance and Add Nine New Chemicals under International
Treaty. 2009. Available online: http://chm.pops.int/Convention/Pressrelease/COP4Geneva9May2009/tabid/542/language/
en-US/Default.aspx (accessed on 30 July 2022).

29. BRSMeas. Information on the 16 Chemicals Added to the Stockholm Convention. 2019. Available online: http://www.pops.int/
TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx (accessed on 30 July 2022).

30. Motas Guzmàn, M.; Clementini, C.; Pérez-Cárceles, M.D.; Jiménez Rejón, S.; Cascone, A.; Martellini, T.; Guerranti, C.; Cincinelli,
A. Perfluorinated Carboxylic Acids in Human Breast Milk from Spain and Estimation of Infant’s Daily Intake. Sci. Total Environ.
2016, 544, 595–600. [CrossRef] [PubMed]

31. Cornelis, C.; D’Hollander, W.; Roosens, L.; Covaci, A.; Smolders, R.; Van Den Heuvel, R.; Govarts, E.; Van Campenhout,
K.; Reynders, H.; Bervoets, L. First Assessment of Population Exposure to Perfluorinated Compounds in Flanders, Belgium.
Chemosphere 2012, 86, 308–314. [CrossRef] [PubMed]

32. Wu, X.; Bennett, D.H.; Calafat, A.M.; Kato, K.; Strynar, M.; Andersen, E.; Moran, R.E.; Tancredi, D.J.; Tulve, N.S.; Hertz-Picciotto, I.
Serum Concentrations of Perfluorinated Compounds (PFC) among Selected Populations of Children and Adults in California.
Environ. Res. 2015, 136, 264–273. [CrossRef]

33. Alomirah, H.F.; Al-Zenki, S.F.; Alaswad, M.C.; Alruwaih, N.A.; Wu, Q.; Kannan, K. Widespread Occurrence of Perchlorate in
Water, Foodstuffs and Human Urine Collected from Kuwait and Its Contribution to Human Exposure. Food Addit. Contam. Part A
Chem. Anal. Control Expo. Risk Assess. 2016, 33, 1016–1025. [CrossRef]

34. Panseri, S.; Nobile, M.; Arioli, F.; Biolatti, C.; Pavlovic, R.; Chiesa, L.M. Occurrence of Perchlorate, Chlorate and Polar Herbicides
in Different Baby Food Commodities. Food Chem. 2020, 330, 127205. [CrossRef]

35. Li, M.; Xiao, M.; Xiao, Q.; Chen, Y.; Guo, Y.; Sun, J.; Li, R.; Li, C.; Zhu, Z.; Qiu, H.; et al. Perchlorate and Chlorate in Breast Milk,
Infant Formulas, Baby Supplementary Food and the Implications for Infant Exposure. Environ. Int. 2022, 158, 106939. [CrossRef]

36. Management Board members; Executive Director; Operational Management. Dietary Exposure Assessment to Perchlorate in the
European Population. European Food Safety Authority. Available online: https://www.efsa.europa.eu/en/efsajournal/pub/5043
(accessed on 30 July 2022).

http://doi.org/10.1080/09603123.2018.1515896
https://www.center4research.org/bisphenol-bpa-plastic-products-safe-infants-children/
http://doi.org/10.1177/0036850419826802
http://www.ncbi.nlm.nih.gov/pubmed/31829784
http://doi.org/10.2337/dcS13-2003
http://www.ncbi.nlm.nih.gov/pubmed/23882042
http://doi.org/10.1210/jc.2015-1686
http://doi.org/10.1289/ehp.1205526
http://www.ncbi.nlm.nih.gov/pubmed/23428635
http://doi.org/10.1093/humrep/deu363
http://doi.org/10.1016/S2213-8587(20)30129-7
http://doi.org/10.1016/j.envres.2019.108530
http://doi.org/10.1016/j.envint.2019.105099
http://doi.org/10.1289/ehp.1205056
http://doi.org/10.1016/j.envint.2019.105347
http://doi.org/10.1007/s11356-017-9922-4
http://www.ncbi.nlm.nih.gov/pubmed/28836141
http://doi.org/10.1371/journal.pone.0095891
http://www.ncbi.nlm.nih.gov/pubmed/24760015
http://chm.pops.int/Convention/Pressrelease/COP4Geneva9May2009/tabid/542/language/en-US/Default.aspx
http://chm.pops.int/Convention/Pressrelease/COP4Geneva9May2009/tabid/542/language/en-US/Default.aspx
http://www.pops.int/TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx
http://www.pops.int/TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx
http://doi.org/10.1016/j.scitotenv.2015.11.059
http://www.ncbi.nlm.nih.gov/pubmed/26674688
http://doi.org/10.1016/j.chemosphere.2011.10.034
http://www.ncbi.nlm.nih.gov/pubmed/22104337
http://doi.org/10.1016/j.envres.2014.09.026
http://doi.org/10.1080/19440049.2016.1185354
http://doi.org/10.1016/j.foodchem.2020.127205
http://doi.org/10.1016/j.envint.2021.106939
https://www.efsa.europa.eu/en/efsajournal/pub/5043


Int. J. Environ. Res. Public Health 2022, 19, 13452 16 of 18

37. Vejdovszky, K.; Grossgut, R.; Unterluggauer, H.; Inreiter, N.; Steinwider, J. Risk Assessment of Dietary Exposure to Perchlorate for
the Austrian Population. Food Addit. Contam. Part A Chem. Anal. Control Expo. Risk Assess. 2018, 35, 623–631. [CrossRef]

38. Wang, Z.; Sparling, M.; Tague, B. Analysis of Perchlorate in Baby Food on Canadian (Ottawa) Markets in 2009 and Estimated
Dietary Exposure. Food Addit. Contam. Part A Chem. Anal. Control Expo. Risk Assess. 2018, 35, 2022–2031. [CrossRef]

39. Valentín-Blasini, L.; Blount, B.C.; Otero-Santos, S.; Cao, Y.; Bernbaum, J.C.; Rogan, W.J. Perchlorate Exposure and Dose Estimates
in Infants. Environ. Sci. Technol. 2011, 45, 4127–4132. [CrossRef] [PubMed]

40. Cao, F.; Jaunat, J.; Sturchio, N.; Cancès, B.; Morvan, X.; Devos, A.; Barbin, V.; Ollivier, P. Worldwide Occurrence and Origin of
Perchlorate Ion in Waters: A Review. Sci. Total Environ. 2019, 661, 737–749. [CrossRef] [PubMed]

41. Vigreux-Besret, C.; Mahé, A.; Ledoux, G.; Garnier, A.; Rosin, C.; Baert, A.; Joyeux, M.; Badot, P.-M.; Panetier, P.; Rivière, G.
Perchlorate: Water and Infant Formulae Contamination in France and Risk Assessment in Infants. Food Addit. Contam. Part A
Chem. Anal. Control Expo. Risk Assess. 2015, 32, 1148–1155. [CrossRef] [PubMed]

42. Lau, F.K.; deCastro, B.R.; Mills-Herring, L.; Tao, L.; Valentin-Blasini, L.; Alwis, K.U.; Blount, B.C. Urinary Perchlorate as a Measure
of Dietary and Drinking Water Exposure in a Representative Sample of the United States Population 2001–2008. J. Expo. Sci.
Environ. Epidemiol. 2013, 23, 207–214. [CrossRef]

43. Hyland, C.; Laribi, O. Review of Take-Home Pesticide Exposure Pathway in Children Living in Agricultural Areas. Environ. Res.
2017, 156, 559–570. [CrossRef]

44. Suhartono, S.; Kartini, A.; Subagio, H.W.; Budiyono, B.; Utari, A.; Suratman, S.; Sakundarno, M. Pesticide Exposure and Thyroid
Function in Elementary School Children Living in an Agricultural Area, Brebes District, Indonesia. Int. J. Occup. Environ. Med.
2018, 9, 137–144. [CrossRef]

45. Berman, T.; Barnett-Itzhaki, Z.; Göen, T.; Hamama, Z.; Axelrod, R.; Keinan-Boker, L.; Shimony, T.; Goldsmith, R. Organophosphate
Pesticide Exposure in Children in Israel: Dietary Associations and Implications for Risk Assessment. Environ. Res. 2020,
182, 108739. [CrossRef]

46. Utyasheva, L.; Bhullar, L. Human Rights Perspective on Pesticide Exposure and Poisoning in Children: A Case Study of India.
Health Hum. Rights 2021, 23, 49–61.

47. Raanan, R.; Balmes, J.R.; Harley, K.G.; Gunier, R.B.; Magzamen, S.; Bradman, A.; Eskenazi, B. Decreased Lung Function in
7-Year-Old Children with Early-Life Organophosphate Exposure. Thorax 2016, 71, 148–153. [CrossRef]

48. Roberts, J.R.; Dawley, E.H.; Reigart, J.R. Children’s Low-Level Pesticide Exposure and Associations with Autism and ADHD: A
Review. Pediatr. Res. 2019, 85, 234–241. [CrossRef]

49. Sakali, A.K.; Bargiota, A.; Fatouros, I.G.; Jamurtas, A.; Macut, D.; Mastorakos, G.; Papagianni, M. Effects on Puberty of
Nutrition-Mediated Endocrine Disruptors Employed in Agriculture. Nutrients 2021, 13, 4184. [CrossRef] [PubMed]

50. Kartini, A.; Subagio, H.W.; Hadisaputro, S.; Kartasurya, M.I.; Suhartono, S.; Budiyono, B. Pesticide Exposure and Stunting among
Children in Agricultural Areas. Int. J. Occup. Environ. Med. 2019, 10, 17–29. [CrossRef] [PubMed]

51. Melnyk, L.J.; Xue, J.; Brown, G.G.; McCombs, M.; Nishioka, M.; Michael, L.C. Dietary Intakes of Pesticides Based on Community
Duplicate Diet Samples. Sci. Total Environ. 2014, 468–469, 785–790. [CrossRef]

52. Cequier, E.; Sakhi, A.K.; Haug, L.S.; Thomsen, C. Exposure to Organophosphorus Pesticides in Norwegian Mothers and Their
Children: Diurnal Variability in Concentrations of Their Biomarkers and Associations with Food Consumption. Sci. Total Environ.
2017, 590–591, 655–662. [CrossRef]

53. Holme, F.; Thompson, B.; Holte, S.; Vigoren, E.M.; Espinoza, N.; Ulrich, A.; Griffith, W.; Faustman, E.M. The Role of Diet in
Children’s Exposure to Organophosphate Pesticides. Environ. Res. 2016, 147, 133–140. [CrossRef] [PubMed]

54. Nougadère, A.; Sirot, V.; Cravedi, J.-P.; Vasseur, P.; Feidt, C.; Fussell, R.J.; Hu, R.; Leblanc, J.-C.; Jean, J.; Rivière, G.; et al. Dietary
Exposure to Pesticide Residues and Associated Health Risks in Infants and Young Children–Results of the French Infant Total
Diet Study. Environ. Int. 2020, 137, 105529. [CrossRef]

55. Cequier, E.; Sakhi, A.K.; Haug, L.S.; Thomsen, C. Development of an Ion-Pair Liquid Chromatography-High Resolution Mass
Spectrometry Method for Determination of Organophosphate Pesticide Metabolites in Large-Scale Biomonitoring Studies. J.
Chromatogr. A 2016, 1454, 32–41. [CrossRef] [PubMed]

56. Morgan, M.K.; Jones, P.A. Dietary Predictors of Young Children’s Exposure to Current-Use Pesticides Using Urinary Biomonitor-
ing. Food Chem. Toxicol. 2013, 62, 131–141. [CrossRef]

57. Fernández, S.F.; Pardo, O.; Corpas-Burgos, F.; Yusà, V. BIOVAL task force. Exposure and Cumulative Risk Assessment to
Non-Persistent Pesticides in Spanish Children Using Biomonitoring. Sci. Total Environ. 2020, 746, 140983. [CrossRef]

58. Liu, H.; Campana, A.M.; Wang, Y.; Kannan, K.; Liu, M.; Zhu, H.; Mehta-Lee, S.; Brubaker, S.G.; Kahn, L.G.; Trasande, L.; et al.
Organophosphate Pesticide Exposure: Demographic and Dietary Predictors in an Urban Pregnancy Cohort. Environ. Pollut. 2021,
283, 116920. [CrossRef]

59. Mehta, R.V.; Sreenivasa, M.A.; Mathew, M.; Girard, A.W.; Taneja, S.; Ranjan, S.; Ramakrishnan, U.; Martorell, R.; Ryan, P.B.; Young,
M.F. A Mixed-Methods Study of Pesticide Exposures in Breastmilk and Community & Lactating Women’s Perspectives from
Haryana, India. BMC Public Health 2020, 20, 1877. [CrossRef]

60. Jeong, Y.; Lee, S.; Kim, S.; Choi, S.-D.; Park, J.; Kim, H.-J.; Lee, J.J.; Choi, G.; Choi, S.; Kim, S.; et al. Occurrence and Exposure
Assessment of Polychlorinated Biphenyls and Organochlorine Pesticides from Homemade Baby Food in Korea. Sci. Total Environ.
2014, 470–471, 1370–1375. [CrossRef] [PubMed]

http://doi.org/10.1080/19440049.2018.1426889
http://doi.org/10.1080/19440049.2018.1508891
http://doi.org/10.1021/es103160j
http://www.ncbi.nlm.nih.gov/pubmed/21449579
http://doi.org/10.1016/j.scitotenv.2019.01.107
http://www.ncbi.nlm.nih.gov/pubmed/30684841
http://doi.org/10.1080/19440049.2015.1036382
http://www.ncbi.nlm.nih.gov/pubmed/25830716
http://doi.org/10.1038/jes.2012.108
http://doi.org/10.1016/j.envres.2017.04.017
http://doi.org/10.15171/ijoem.2018.1207
http://doi.org/10.1016/j.envres.2019.108739
http://doi.org/10.1136/thoraxjnl-2014-206622
http://doi.org/10.1038/s41390-018-0200-z
http://doi.org/10.3390/nu13114184
http://www.ncbi.nlm.nih.gov/pubmed/34836437
http://doi.org/10.15171/ijoem.2019.1428
http://www.ncbi.nlm.nih.gov/pubmed/30685774
http://doi.org/10.1016/j.scitotenv.2013.08.101
http://doi.org/10.1016/j.scitotenv.2017.03.017
http://doi.org/10.1016/j.envres.2016.02.003
http://www.ncbi.nlm.nih.gov/pubmed/26870919
http://doi.org/10.1016/j.envint.2020.105529
http://doi.org/10.1016/j.chroma.2016.05.067
http://www.ncbi.nlm.nih.gov/pubmed/27264744
http://doi.org/10.1016/j.fct.2013.08.029
http://doi.org/10.1016/j.scitotenv.2020.140983
http://doi.org/10.1016/j.envpol.2021.116920
http://doi.org/10.1186/s12889-020-09966-x
http://doi.org/10.1016/j.scitotenv.2013.07.071
http://www.ncbi.nlm.nih.gov/pubmed/23954213


Int. J. Environ. Res. Public Health 2022, 19, 13452 17 of 18

61. Kapoor, U.; Srivastava, M.K.; Srivastava, A.K.; Patel, D.K.; Garg, V.; Srivastava, L.P. Analysis of Imidacloprid Residues in Fruits,
Vegetables, Cereals, Fruit Juices, and Baby Foods, and Daily Intake Estimation in and around Lucknow, India. Environ. Toxicol.
Chem. 2013, 32, 723–727. [CrossRef]
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Review of Safety Analysis of General Use in Products. Nutrients 2021, 13, 1957. [CrossRef] [PubMed]

108. Choudhary, A.K.; Pretorius, E. Revisiting the safety of aspartame. Nutr. Rev. 2017, 75, 718–730. [CrossRef] [PubMed]
109. Pase, M.P.; Himali, J.J.; Beiser, A.S.; Aparicio, H.J.; Satizabal, C.L.; Vasan, R.S.; Seshadri, S.; Jacques, P.F. Sugar- and Artificially

Sweetened Beverages and the Risks of Incident Stroke and Dementia: A Prospective Cohort Study: A Prospective Cohort Study.
Stroke 2017, 48, 1139–1146. [CrossRef]

110. Taheri, S. Effect of Exclusion of Frequently Consumed Dietary Triggers in a Cohort of Children with Chronic Primary Headache.
Nutr. Health 2017, 23, 47–50. [CrossRef]

111. Suez, J.; Korem, T.; Zeevi, D.; Zilberman-Schapira, G.; Thaiss, C.A.; Maza, O.; Israeli, D.; Zmora, N.; Gilad, S.; Weinberger, A.; et al.
Artificial Sweeteners Induce Glucose Intolerance by Altering the Gut Microbiota. Nature 2014, 514, 181–186. [CrossRef]

112. Mueller, N.T.; Jacobs, D.R., Jr.; MacLehose, R.F.; Demerath, E.W.; Kelly, S.P.; Dreyfus, J.G.; Pereira, M.A. Consumption of
Caffeinated and Artificially Sweetened Soft Drinks Is Associated with Risk of Early Menarche. Am. J. Clin. Nutr. 2015, 102,
648–654. [CrossRef]

113. Matiz, C.; Jacob, S.E. Systemic Contact Dermatitis in Children: How an Avoidance Diet Can Make a Difference: Systemic Contact
Dermatitis. Pediatr. Dermatol. 2011, 28, 368–374. [CrossRef]

http://doi.org/10.1179/1077352512Z.00000000034
http://doi.org/10.1080/1028415X.2019.1681065
http://doi.org/10.1111/1750-3841.15634
http://doi.org/10.3390/nu13020577
http://doi.org/10.3390/nu14051042
http://doi.org/10.3390/foods10112704
http://www.ncbi.nlm.nih.gov/pubmed/34828985
http://doi.org/10.4103/0972-5229.198327
http://www.ncbi.nlm.nih.gov/pubmed/28197052
http://doi.org/10.2298/VSP141010063J
http://doi.org/10.3390/ijerph18020377
http://www.ncbi.nlm.nih.gov/pubmed/33418991
http://doi.org/10.1186/s10194-016-0639-4
http://doi.org/10.1111/1541-4337.12448
http://doi.org/10.3390/foods10020387
http://doi.org/10.3390/nu14102091
http://doi.org/10.3390/pr10020410
http://doi.org/10.3390/nu12061887
http://www.ncbi.nlm.nih.gov/pubmed/32599819
http://doi.org/10.1016/j.physbeh.2016.04.047
http://www.ncbi.nlm.nih.gov/pubmed/27129676
http://doi.org/10.3390/nu13061957
http://www.ncbi.nlm.nih.gov/pubmed/34200310
http://doi.org/10.1093/nutrit/nux035
http://www.ncbi.nlm.nih.gov/pubmed/28938797
http://doi.org/10.1161/STROKEAHA.116.016027
http://doi.org/10.1177/0260106016688699
http://doi.org/10.1038/nature13793
http://doi.org/10.3945/ajcn.114.100958
http://doi.org/10.1111/j.1525-1470.2010.01130.x

	Introduction 
	Methodology 
	Indirect Additives in Children’s Nutrition 
	Bisphenols 
	Phthalates 
	Perfluoroalkyl Chemicals 
	Perchlorate 
	Pesticides 

	Direct Additives in Children’s Nutrition 
	Nitrates and Nitrites 
	Artificial Food Colorants 
	Monosodium Glutamate—A Flavor Enhancer 
	Aspartame—Sweetener 

	Limitations 
	Conclusions 
	References

