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ARTICLE INFO ABSTRACT
Keywords: Endocrine-disrupting chemicals (EDCs) are a growing public health concern worldwide. Con-
Endocrine disruption sumption of foodstuffs is currently thought to be one of the principal exposure routes to EDCs.

Food safety
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Public health

However, alternative ways of human exposure are through inhalation of chemicals and dermal
contact. These compounds in food products such as canned food, bottled water, dairy products,
fish, meat, egg, and vegetables are a ubiquitous concern to the general population. Therefore,
understanding EDCs’ properties, such as origin, exposure, toxicological impact, and legal aspects
are vital to control their release to the environment and food. The present paper provides an
overview of the EDCs and their possible disrupting impact on the endocrine system and other
organs.
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1. Introduction

During the last decades, the production of different kinds of chemicals has been considerably increasing worldwide, alongside the
changes in peoples’ lifestyles [1-3]. The endocrine system is a complicated network of internal body organs producing various hor-
mones. The principal signaling molecules are carried through the circulatory system to the target. To preserve homeostasis in the
human body, proper functioning of the endocrine system is an essential precondition. Endogenous and exogenous contributors may
cause disorders of hormonal functions [4,5]. The causes of endocrine disruption have been the subject of intense debate within the
scientific community. A growing body of literature has addressed the adverse effects of endocrine-disrupting chemical contaminants
(EDCs). According to the definition of the World Health Organization (WHO), an endocrine-disrupting chemical is an exogenous
substance or compound that changes the function(s) of the endocrine system and therefore leads to health side effects in a healthy
organism, or its posterity, or (sub)populations [6]. In another definition announced by The United States Environmental Protection
Agency (US EPA), an EDCs is introduced as an exogenous substance that may intervene in the synthesis, excretion, receptor binding,
metabolism transport, or remove endogenous hormones, changing the endocrine homeostatic systems [7]. EDCs are contributed to
altering reproductive function in males and females, elevated risk of cancer, including breast cancer [8], and the miRNAs transcription
alteration [9], obesity, type 2 diabetes, neurodevelopmental delays in children, untypical growth patterns, and immune function
abnormality. Human exposure to EDCs happens through inhalation, food and water ingestion, and direct dermal contact [1,10-12]. It
is necessary to note that EDCs can be passed from mother to infant via breast milk and from pregnant women to the growing embryo
through the placenta. Furthermore, children and pregnant mothers are considered the most sensitive individuals to EDCs [11]. In-
ternational Agency for Research on Cancer (IARC) has published the carcinogenicity status of EDCs, presented in Table 1.

Up to now, many studies have intended to explain the disruptive role of EDCs on estrogen receptors (ERs), progesterone receptors
(PRs), aryl hydrocarbon receptors (AHRs), thyroid hormone receptors (THRs), androgen receptors (ARs), mineralocorticoid receptors
(MCRs), glucocorticoid receptors (GRs), and peroxisome proliferator-activated receptors (PPARs) [15-18]. For instance, the mecha-
nism of AHR function after binding EDCs was schematically described in Fig. 1.

It is now well established that EDCs may cause the impairment of the normal function of hormones (principally by binding to the
plasma proteins and hormone receptors) [19,20], impairment of the activity of endogenous hormones-metabolizing enzymes, inter-
fering with the biosynthesis and biotransformation of natural hormones [15,19], dysregulation of the ion channel activity and
transporting across the biological membranes [21], dysregulated DNA methylation, and modification of histones, as well as having an
impact on noncoding RNA [7,22]. Globally, the annual cost of EDCs exposure is highly important, mostly related to neuroendocrine
disorders. For instance, IQ decrease has also been related to prenatal or early postnatal exposure to polychlorinated biphenyls (PCBs)
[23].

With reference to a population-based disease burden and cost analysis, the disease costs of EDCs in the Europe and USA have been
reported 1.28% of GDP ($217 billion) and 2-33% of GDP ($340 billion). The difference was driven mainly by intelligence quotient (IQ)
points loss and intellectual disability caused by exposure to polybrominated diphenyl ethers (873 000 IQ points lost and 3290 cases
costing $12-6 billion in the European Union and 11 million IQ points lost and 43 000 cases costing $266 billion in the USA) [24].

The negative impact of exposure to EDCs may become apparent later in life. Additionally, exposure to EDCs makes the targeted
organism more vulnerable due to the remodeling of tissues and organs during development and limited defense mechanisms [25,26].
EDCs may be present in many everyday products, including food, cans, cosmetics, plastic bottles, detergents, pesticides, toys, and flame
retardants [11].

Due to the systematic lack of testing chemicals for EDC properties there is no good, authoritative overview of EDCs available.
Regarding the worldwide occurrence of EDCs in foods and to specify the hazard of EDCs toxicity, the main goal of this review article is
to examine existing knowledge in the case of agricultural and industrial endocrine-disrupting chemicals, mentioned by WHO, IARC
and observed in high levels in foodstuff, which have been classified as dioxins, bisphenol A, polychlorinated biphenyl, polybrominated
diphenyl ethers, phthalates, organochlorine pesticides, tributyltin, and heavy metals with particular reference to their origin, dietary
exposure, toxicological impact on health, and legal restrictions.

2. Dioxins

Dioxins and dioxin-like substances that are structurally similar have exhibited environmentally and biologically stability, created a
standard range of responses, and had a common mechanism of action. These chemicals include biphenyls, polychlorinated dibenzo-p-
dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and similar substances. Before industrialization, dioxins were in low con-
centrations due to geological processes and natural combustion. Dioxins comprise two benzene rings bound by two oxygen atoms and
include four to eight chlorines for up to 75 combinations or analogs [27]. Occupational, environmental, or accidental pollution can
expose humans to dioxins. Nowadays, the burning of urban or homemade waste, medical waste, disposal area fires, and forest and
agricultural fires are the largest sources of dioxins release [28]. Due to the high hydrophobicity, dioxins tend to store in fatty tissue. So,
their level increases as they enter the food chain, where they finally enter the human body by eating polluted food [29]. According to
US EPA, at least 90% of human exposures to dioxins in daily life come from contaminated animal food products, such as meat, animal
fat, and dairy products, as the primary sources of intake [13,30,31]. The most influential factors on average dietary exposure for most
European age groups are fish, meat, and cheese [32].

Dioxins are partly metabolized and removed from the human body, accumulating residue in fatty tissues. Dioxins are categorized as
identified human carcinogens, resulting in noncancerous diseases such as diabetes, hypertension, and atherosclerosis. Prolonged
exposure to dioxins leads to reproductive, immune, nervous, and endocrine system disorders. Short-term exposures to dioxin cause



Table 1
An updated classification of IARC [13], Origin and Dietary exposure for EDCs.
Chemical group Origin Main source of Dietary Agent IARC year of
exposure group report
Dioxins and byproduct in manufacturing and disposal processes (Organochloride Production, Milk and milk products, 2,3,7,8-Tetrachlorodibenzo-para-dioxin 1 2012
dibenzofurans paper bleaching, incineration of chloride-containing substances Bovine adipose tissue, eggs,
fish
Volcanic eruptions, Forest fires, Incineration of hazardous, municipal and medical animal fats, dairy products, 2,3,4,7,8-Pentachlorodibenzofuran 1 2012
wastes, Cement plants, Chlorine bleaching of paper pulp or smelting, Traffic of cereals, vegetables, meat,
motor vehicles fish, shellfish
Biphenyls Production, utilization, and disposal of PCB treated products, Unintentional fish, meat, dairy products, Polychlorinated biphenyls, dioxin-like (PCBs 77, 81, 1 2016
emission from combustion processes, Re-emission of PCBs from environmental fats 105, 114, 118, 123, 126, 156, 157, 167, 169, 189)
reservoirs (e.g. soil, sediment, and water) Polybrominated biphenyls 2A 2016
Bisphenol polycarbonate plastics, epoxy resins canned food Tetrabromobisphenol A 2A 2018
Bisphenol A diglycidyl ether (Araldite) 3 1999
phthalate pesticides, detergents and plasticizers legumes, vegetables and Di (2-ethylhexyl) phthalate 2B 2013
cereals
cd volcanic activity, river transport, erosion, and weathering [14], or human agricultural products, fish, Cadmium and cadmium compounds 1 2012
activities, such as cigarette smoke, waste burning, metal ore combustion, fossil shellfish,
fuels, old Zn/Cd sealed water pipes or industrial pollution
As occurring naturally in the soil, exceedingly unleashed via volcanic activity, erosion  agricultural products, Arsenic and inorganic arsenic compounds 1 2012
of rocks, human activity, and forest fires, soaps, paints, dyes, metals, drugs, semi- especially rice
conductors, pesticides, and fertilizers
Pb food cans, water pipes, contaminated drinking water, cosmetics, batteries, paint, agricultural products, Lead compounds, inorganic 2A 2006
traditional remedies, gasoline, Pb-crystal, Pb-glazed ceramics, cigarette smoke, especially rice, root
jewelry, children’s toys, vinyl lunch boxes vegetables, cucurbits
Hg natural phenomena (such as volcanic activity and weathering of rocks), human seafood, poultry Methylmercury compounds 2B 1993
activities (coal-fired power plants, mining processes, metal refineries, electronic
waste recycling factories, and municipal solid waste incinerators), pesticides
Organochlorine disposal of polluted wastes into landfills, sewage discharge, industrial release, vegetables and fruits, dairy 4,4'-dichlorodiphenyltrichloroethane (DDT) 2A 2018
pesticides agricultural runoff, disposal of empty chemical containers, leaching of pesticides ~ products, meat, and fish Dieldrin 2A 2019
from surface soil to downstream water Methoxychlor 3 1987
Dicofol 3 1987
Hexachlorocyclohexane 2B 1987
Heptachlor 2B 2001
Endrin 3 1987
Chlordane 2B 2001
Chlordecones 2B 1987
Toxaphene (Polychlorinated camphenes) 2B 2001
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Fig. 1. EDCs-mediated activation of AHR and oxidative stress.

liver malfunction and Chloracne (a rare skin eruption of blackheads, cysts, and nodules). Infants and embryos are the most sensitive
individuals to dioxin exposure. Scientific publications have reported multitudes of health effects, and they all categorize dioxins as one
of the most toxic substances for the human body [28].

Aside from the toxicity of dioxins and their existence in the environment, many researchers have proved the chemical to be highly
resistant to biodegradation, mainly because of very low solubility in water and high octanol-water partition coefficients (Kow). Toxic
equivalent quantities (TEQs) are used for the toxicity of dioxins where the most toxic analog 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) is evaluated as 1.0 and the less toxic analog as fractions of this. AHR is responsible for the toxicity of dioxins; a toxic
equivalency factor (TEF) is used, presuming that the effects are accumulative and act through a common mechanism to cause toxicity
[33].

2.1. PCDDs and PCDFs

According to Stockholm Convention and US EPA, PCDDs and PCDFs, have been considered persistent organic pollutants (POPs),
meaning they take a long time to decompose in the environment [34]. In western Japan in 1968, more than 2000 residents were
intoxicated by the consumption of edible rice bran oil, which was polluted with high concentrations of PCDFs, PCDDs, and PCBs [35].

PCDDs and PCDFs are comprised of two benzene rings bound via oxygen atoms. In PCDDs, two rings are bonded by two oxygen
bridges. However, a carbon bond and one oxygen bridge link PCDFs (Fig. 2) [28].

PCDDs and PCDFs are general terms used to explain 75 types of PCDDs and 135 types of PCDFs. Of these kinds, 17 isomers of
2,3,7,8-PCDDs/PCDFs are evaluated as harmful to human health [36]. These stable lipophilic chemicals can produce several toxic
responses, including immunotoxicity, carcinogenicity, reproduction, and developmental disorders [37].
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PCDDs/PCDFs may release in numerous natural processes, such as forest fires and volcanic eruptions. However, they are always
undesirable byproducts, whose presence in the environment is primarily because of the release of manufacturing processes like
burning dangerous, urban, and medical wastes, chlorine bleaching of paper pulp, cement plants, smelting, along with motor vehicles
traffic [38]. Therefore, the emission levels of these chemicals from industrial processes have been reduced by elimination and control
measures under national or international legislation and regulation. Due to the persistence of these compounds in the environment,
they are carried by air and settled in the soil, water, and plants [3,39,40]. They are highly soluble in fat and low soluble in water [41].
The most significant exposure to PCDDs/PCDFs is mainly dairy products, followed by cereals, vegetables, meat, and fish [42]. They can
bond to organic matters and sediment in the environment and are absorbed into the adipose tissues of humans and animals.
Furthermore, they are not biodegradable and can store in the food chain [41].

In 2001, the Scientific Committee on Food of the European Commission estimated the risk of exposure to dioxins and dioxin-like
PCBs (DL-PCBs) and established a tolerable weekly intake (TWI) at 14 pg TEQ per kg body weight. According to the new risk
assessment by European Food Safety Authority (EFSA) CONTAM Panel in 2018, the EFSA has newly altered this amount to 2 pg TEQ
per kg body weight [43].

2.2. TCDD

Among the PCDDs family, TCDD, a widely studied polychlorinated aromatic compound [44], is the most toxic chemical known as
an almost ubiquitous environmental contaminant and a potent endocrine disruptor [45,46]. The toxicity of TCDD attributes to a
high-level acute exposure which was especially exhibited after the Seveso industrial accident came about in July 1976, which exposed
Italian residents to high levels of TCDD, resulting in high animal and plant mortality and many cases of Chloracne, mostly among
children [46]. During Vietnam. War from 1961 to 1971, spreading the TCDD-contaminated Pesticides (Agent Orange) was linked to a
high cancer mortality rate in 2005 [35].

However, in industrialized countries, TCDD is now omnipresent at low levels, mainly due to artificial activities [47]. Production
and disposal operations such as organochloride manufacturing, paper decolorizing, and high-temperature burning chloride chemicals
produce TCDD as a byproduct [48]. The released TCDD and its analogs are detected in the environment, including food, air, and soil
[49]. The most influential factors in human exposure to TCDD and other dioxins are foodstuffs like milk and dairy products, bovine
fatty tissue, hen’s egg, and fish [50]. The main detrimental effects of exposure to TCDD are hepatotoxicity, digestive and breast cancer,
embryo developmental problems, birth disorders such as the cleft palate and kidney deformity, immunotoxicity, cardiotoxicity,
neurotoxicity, nausea; dyspnea, reproductive defects, asthma, and high blood pressure [51]. AHR motivation may mediate these al-
terations, which imparts cytochrome P450 enzymes involved in the oxidative metabolism of both artificial and natural substances, and
by the uridine diphosphoglucuronosyl transferase, a Thyroid metabolizing enzyme, in the liver [52,53].

TCDD can pass through the placenta and influence thyroid functions, resulting in perinatal hypothyroidism, growth retardation,
permanent brain damage, and persistent effects during childhood [53]. Maternal TCDD can decline growth hormone levels and
glucocorticoid levels in newborns [54].

TCDD's half-life in humans is very extended; it has been approximately 7.1 and 11.3 years [55]. In December 1990, a tolerable daily
intake (TDI) of 10 pg kg~! body weight was set by a WHO meeting in Bilthoven, Netherlands [56].

2.3. Polybrominated dibenzo-p-dioxins and dibenzofurans (PBDDs/PBDFs)

Polybrominated dibenzo-p-dioxins and dibenzofurans (PBDD/PBDFs) include diaromatic molecules in which two benzene rings are
joined together by a diether (dioxin) or furan bridge with different degrees of bromination (Fig. 2) [57]. They have been present in
different matrices, including air, sediments, seafood, and human fat samples [58]. Regarding physiochemical and toxic characteristics,
ominated dioxins and furans are comparable to their chlorinated ones, namely PCDDs/PCDFs. Compared with PCDDs/PCDFs, PBDD
and PBDF are less resistant to photolytic reactions and, therefore, less durable in the environment [59]. Moreover, PBDD/PBDFs have a
more considerable molecular weight, lower water solubility, lower vapor pressure, and higher melting point than PCDDs/PCDFs [60].
PBDD/PBDFs exhibited more susceptibility to degradation by ultraviolet light, and their capacity for bioaccumulation is considered to
be higher than PCDD/PCDFs, owing to the lower energy of C-Br bonds (276 kJ/mol) than C-Cl bonds (328 kJ/mol) [60]. This probably
affects the rate of occurrence in the environment and foodstuffs. The halogenation rate and the bromine atom’s larger size may also
have a biological effect. Nevertheless, these effects are comparable to the chlorinated congeners, including lethality, carcinogenicity,
immunotoxicity, reproductive effects, thymus atrophy, teratogenesis, chloracne, and enzyme induction [61]. Hypothetically, there are
75 PBDDs and 135 PBDF compounds and 1550 Bromo/chloro dioxins mixtures, and 3050 Bromo/chloro furans mixtures. Like
chlorinated dioxins, a binding to the positions 2, 3, 7, and 8 makes them the most toxic substances with a common mechanism of action
with PCDD/PCDFs, the primary step of which includes attaching to the AHR [43].

PBDD/PBDFs have never had any industrial application and have never been deliberately produced [57]. Even though PBDD/PBDF
congeners with lower bromine atoms can naturally be generated via biosynthetic and photochemical processes [62]. PBDD/PBDFs are
usually produced under thermal conditions, such as burning brominated flame retardants (BFRs), disposal of electronic waste
equipment, melting metal, and burning waste [63]. Like other constant lipophilic pollutants, chronic PBDD/PBDFs via diet are broadly
considered the principal exposure [57]. Up to now, far too little attention has been paid to the presence of these compounds in food
products [64]. In 2005, a total diet study (TDS) in the UK examining a full range of foods showed the occurrence of PBDD/Fs in all
foodstuffs ranging from 0.003 in vegetables to 0.18 pg TEQ/g in oils and fats. Seafood and animal products, such as meat, dairy, offal,
and fish, are mainly comprised of higher amounts. Amazingly, a full range of PBDF compounds has been detected in sugars and
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preserves (chocolates, syrups, jams, and other confectionaries) [57].
2.4. Polychlorinated biphenyls

Polychlorinated Biphenyls (PCBs) are a group of industrial chemicals comprising a couple of phenyl rings, and one or multiple
chlorines are introduced into the rings by a single bond [65]. They are organic, manufactured stable pollutants of chemical formula
C12H10-xCly (Fig. 2). The different configurations of chlorine atoms produce 209 probable PCB congeners, some of which are more toxic
than others [66]. Because of their physicochemical characteristics, degradation, bioaccumulation, and metabolism capabilities,
congener composition in environmental media differ from relevant sources [67].

PCBs are usually chemically inactive, with excellent flame retardation, thermal conductivity, and electric insulation characteristics,
resulting in various applications as dielectric fluids in transformers and capacitors, hydraulic fluids, heat transfer fluids, and additives
in several closed and open usages [68]. Although PCBs in the United States and Europe have been prohibited since the 1970s, their
stability, persistence in degradation, and hydrophobicity have caused considerable bioaccumulation in most parts of the ecosystem
and human tissues [69]. The health effects associated with PCBs exposure include neurobehavioral changes, endocrine disorders
(reducing serum thyroxine (T4)), and carcinogenicity. Background levels of PCBs from transplacental transfer are related to damaged
neurological development in newborns and children; neuropsychological effects of PCBs have also been reported among the elderly
[70,71].

Environmental emissions of PCBs have been related to three main processes (1) manufacturing, application, and disposal of PCBs-
processed products; (2) accidental emission from burning operations; and (3) PCBs re-release from environmental reservoirs (e.g., soil,
sediment, and water) [68]. However, nowadays, human exposure to PCBs has arisen mainly from the ingestion of food. The major
routes of food contamination by PCBs are absorbed from the environment by livestock, birds, fish, and agricultural products through
the food chain. Approximately 80% of total PCBs intake is associated with consuming fish, meat, fats, and dairy products. PCBs are
observed at high levels in fatty foods of animal origin, mainly in fish [72,73]. In 2001, EU Scientific Committee on Food (SCF) set up a
TWI of 14 pg TEQ/kg body weight per week, which complies with the provisional tolerable monthly intake (PTMI) of 70 pg TEQ per kg
body weight established by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) in 2001. WHO obtained a TDI of 20
ng/kg body weight per day for (total) PCBs [67].

3. Bisphenol A

The substance 2,2-bis(4-hydroxyphenyl)propane (Fig. 2), usually known as Bisphenol A (BPA), is an EDCs that is used widely as a
chemical compound in the production of plenty of polymeric materials, including polycarbonate plastics, the epoxy resins that are used
in food containers [74-76].

Owing to the extensive uses of BPA, human exposure pathways are multifold. The primary exposure pathways to BPA are occu-
pational (workers in the industry involved in the synthesis of BPA), environmental (contaminated aquatic environments, soil, and
atmosphere), and food consumption (use of BPA-containing packages such as epoxy resins, Polycarbonate (PC) and Polyvinyl Chloride
(PVC) plastic for food and beverages) [12,77], which is taking place through ingestion, inhalation, and dermal contact [78]. Besides, it
should be mentioned that dermal exposure to BPA via thermal papers is remarkable. In some studies, BPA concentrations of thermal
paper reported from 0.211 mg/g to 26.3 mg/g and its transfer rate has been ranged from 1072 to 21 522 ng/s in order to estimate BPA
migration from thermal paper to skin [79,80]. However, one of the most important sources of human exposure to bisphenol is food and
its packaging, which is the main focus of this article.

Human exposure to BPA arises mainly through food consumption. Overall, various studies have shown that the average concen-
tration of total bisphenol in canned foodstuff is high, and among them, canned fish has shown the highest concentration. Thus canned
food products are a dominant source of BPA [77,81]. For instance, Carwile et al. (2011) observed a significant increase (1200%) of
urinary BPA content in the group that consumed 1 meal of canned soup for 5 days compared to the group that had consumed fresh food
at the same time [82].

BPA can leak into the food through packaging, particularly containers made of epoxy resins. In Canada, the United States, and
Europe, there have been numerous reports of high levels of BPA in the urine of people who consumed canned foods compared to the
control group, which indicates a positive association between food intake of BPA and the release and migration of this compound from
food packaging into food substance [83].

Determining the Migration Limits the maximum levels of substances permitted to migrate to food is known as a momentous
approach to certifying the safety of plastic materials. Based on toxicity results, Specific Migration Limits (SML) have been set by EU
regulation. For assurance of the overall quality of the plastic, the overall migration of all substances to a food may not be upper than 60
mg kg~! of food or 10 mg dm™2 of the contact material, established as the Overall Migration Limit (OML) [84].

According to a former estimation by the Scientific Committee on Food, 0.6 mg of BPA per kg of food has been set as SML for plastic
materials to assure that exposure to BPA stays under the TDI and does not threaten human health. Today, BPA use in polycarbonate
infant feeding bottles is forbidden based on preventive principles [85].

BPA migration from food packages containing this compound is enhanced by heating, contact with alkaline and acidic substances,
contact time, and microwave exposure, leading to BPA intake via food [12]. The content of microplastics in food enhances the release
of BPA in human tissues [86,87]. The limit of migration of BPA from plastics in contact with food has been set according to the EFSA
(0.6 mg kg_l), which is reduced from 0.6 to 0.05 mg kg_1 in the 2018 revision [74,76].

Various national and international agencies have estimated the intake of BPA through diet in children and adults. WHO has
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declared 0.2-1.9 pg kg ! body weight per day for children > 3 years and 0.4-4.2 ug kg ! body weight per day for adults. Also, the daily
intake estimated by the Food and Drug Administration of the United States (US FDA) is 0.5-1.1 pg kg~* BW per day for adults and
0.1-0.3 pg kg~ ! body weight per day for children aged 12-24 months [77].

BPA possesses low to moderate hydrophobicity and therefore has a medium capacity in bioaccumulation. Also, because of rapid
biodegradation at low doses, BPA bioaccumulation happens commonly at high concentrations [88].

After dietary exposure, BPA is absorbed by the gastrointestinal tract and transferred to the liver, where 90% of BPA is almost
entirely metabolized by glucuronidation and to a lesser extent by sulfation (10%), which results in building up two passive forms of
BPA, glucuronidated BPA and sulfated BPA, respectively [12,89].

BPA is a relatively unstable substance with a half-life of about 5.3 h [90]. It is quickly removed primarily by glucuronidation from
the blood through the kidneys and warded off in urine. Due to a sufficient amount of glucuronidated BPA (more than 90% after 6 h of
intake) excreted in the urine as the major metabolite of BPA, estimating the exposure rate is preferable through urinary measurements
of BPA [91]. In addition to urine, different biological samples, including blood, amniotic fluid, breast milk, hair, and other tissues, can
be used for BPA bioassay [92-94].

Several studies and scientific data on the accumulation and measurement of BPA in tissue have been published. In research, the
concentration of BPA in the liver, brain, and adipose tissue of adults, the amount of BPA was observed in the range of 0.9-2.77 ng/g for
the liver, up to 2.36 ng/g in the brain, and 1.12-12.28 ng/g for the adipose tissue [95].

Canada was the first to categorize BPA as a toxic chemical contaminant and has prohibited its use in baby bottles since 2008 [89].
After that, The European Commission (EC) and US FDA forbade the use of BPA in manufacturing plastic baby bottles in January 2011
and July 2012, respectively [74,96]. In addition to these restrictions, the US FDA has declared 5 mg kg ' body weight per day as the No
Observed Adverse Effects Limit (NOAEL) [76]. US EPA and EFSA have regulated a maximum acceptable intake of 50 pg kg~! body
weight per day for BPA as a reference point, but EFSA decided to reduce the TDI from 50 to 4 pg kg ! body weight per day in 2015 [74,
89,96].

The main effect on the endocrine glands due to exposure to BPA is the estrogenic function of this compound. The estrogenic activity
of BPA was discovered in 1936, following injection into female rats and observation of stimulation of vaginal epithelium layers [97].
Due to having hydroxyphenyl groups, it was proven that BPA could function as a faint estrogen mimic [98]. BPA acts like natural
estrogen (17-p-estradiol) [99]. It has been shown to have several disruptive effects on the endocrine glands via interacting with
different physiological receptors, including ERs (« and f), G protein-coupled receptor (GPR30), ARs, estrogen-related receptor gamma
(ERRYy), thyroid hormone receptors (THR o« and ), aryl hydrocarbon receptor, and glucocorticoid receptor [78,89,100-102].

Estrogens are involved in various physiological processes, including growth, development of breast tissue and sexual organs,
reproduction, and homeostasis of several tissues, via the binding and the activation of classical ERs (a and $) [103].

Although BPA has a much lower affinity (1000-2000 fold less) compared to the natural hormone 17-p-estradiol as the most active
estrogen, it can bind to both hormone receptors ERa and ERp and act as an Endocrine disruptor by mimicking or interfering with the
actions of estrogen [104].

GPR30 is a non-classical ER that mediates estrogen-dependent transmembrane rapid signaling. GPR30 mRNA is expressed in
various tissues, including the prostate, ovary, epithelium, and placenta. Activation of this molecule in different cells causes conse-
quences such as regulating cell growth, migration, and apoptotic cell death, especially in tumor cells. BPA can bind to and activate
GPR30 even at low doses. Studies have also shown that low doses of BPA increase GPR30 and the production of specific inflammatory
proteins such as IL8, IL6, and MCP1, and also the BPA-GPR30 complex promotes the proliferation of testicular seminoma cells in vitro
[105,106].

BPA is an antagonist for another nuclear receptor named androgen receptor (AR) through interfering with AR binding and the
constitution of a BPA-AR complex, which makes endogenous androgens unable to regulate androgen-dependent gene transcription
[12]. A study has demonstrated that the BPA antagonist effect on androgen receptors causes reducing AR translocation and prevents of
formation of functional complexes that are the prerequisite of transcription [102].

Also, Xin Huang et al. (2019) reported new evidence to accurately understand the androgen antagonistic activity mechanism of
BPA on AR. These results showed that BPA could compete with 5a-dihydrotestosterone (DHT) for binding to androgen receptors (ARs)
[107].

ERRy is a subset of the nuclear estrogen-related receptor (ERRs include «, p, and y) family that does not bind directly to estradiol.
Some studies have shown that EERy has a strong affinity for BPA, and BPA can interact with this receptor. Although EER is active and
has a ligand-independent transcriptional activity, the results of one study showed that even low doses of BPA may increase the risk of
breast cancer through the expression of the EER MMP2-mediated pathway [105].

Several studies have also demonstrated how thyroid hormones (T3 and T4) are targets for the endocrine-disrupting activity of BPA.
BPA can bind thyroid hormone receptors due to its resemblance of structure to TR, especially TRp, and acts as an antagonist. BPA has
been found to prevent TR-mediated transcription of T3-response genes and directly affect thyroid function by enhancing the expression
of several genes involved in thyroid cell proliferation and activity. Besides, BPA can interfere with thyroid hormone synthesis,
transport, and metabolism [108,109].

This compound also has been diagnosed as a risk factor for type 2 diabetes in rodents by changing the function of pancreatic p-cells
[21].

Innumerable studies have investigated the reproductive toxicity of BPA in animals that have received low doses of BPA [78,110].
For instance, Machtinger et al. (2013) performed an in vitro study on a dose-response association of BPA exposure with human oocyte
maturation. By increasing the dose of BPA, the percentage of oocytes reaching the metaphase II stage decreases, and the percentage of
oocytes degenerated increases [111]. Another investigation by Tang et al. (2012) studied the adverse effect of BPA on the prostate and
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concluded that BPA is toxic to this gland due to the changes in the morphology of the prostate [112].

The adverse effects of BPA on various systems and organs have been shown in both in vitro and in vivo animal experiments, including
neural disorders, immunosuppression, metabolic malfunction, renal failure [89], endocrine toxicity, mutagenicity, and carcinoge-
nicity. Also, BPA may raise the risk of obesity, coronary heart diseases, and diabetes [99].

In recent years, there have been ample findings and evidence about the neural impact of BPA, so concerns are growing about
prenatal BPA exposure and its possible effects on the offspring’s brain development, behavior, and emotions [98]. Some animal
research has demonstrated that rodent fetuses’ exposure to BPA causes changes in their adulthood behavior [17], likely due to changes
in the neurotransmitters [113].

Since BPA can penetrate the placental blood-brain barrier, it can be a critical threat to the developing nervous system of the fetus
and infant, mainly including memory impairment, cognitive impairment, and sexual differentiation disorders also embryotoxicity by
inducing oxidative stress, which has been shown in neonates of laboratory animals studied [114]. Many mother-child cohort studies
have indicated the relationship between prenatal urinary BPA concentration and children’s behavior [115]. As a result, based on
human and animal studies in recent years, this fact has been accepted that prenatal exposure to BPA can affect the embryo’s nervous
system and behavior in different ways.

On the other hand, BPA has complex suppressive or stimulatory effects on the immune system, such as the negative impact on
immune cells, especially T cells, the capability to bind to AHR, stimulate oxidative stress, inflammation, mitochondrial damage, and
cell death, [12,89].

Finally, given the toxic effects of BPA on human health proven in multiple studies, the guidelines and regulations established by US
FDA, CODEX, and EFSA must be followed, and the occurrence of BPA in daily human life should be monitored. In addition, further
studies on the toxicity and dietary risk assessment of BPA are necessary to perform.

4. Polybrominated diphenyl ethers (PBDEs)

PBDEs (Fig. 2) are usually used as flame retardants in many products, such as home electronics (TVs, computers, and copiers),
textiles, wire insulation, carpets, and products consisting of polyurethane foam (mattresses and upholstered furniture). These
chemicals can leak into water and soil during manufacture or after breaking down and finding a way to the rivers [116]. PBDEs contain
209 compounds with the chemical formula of C;2H(10.x) Brx)O (x = 1 to 10). PBDEs show low water solubility (<1 pg/L) and high log
Kow values (>5). Lower brominated PBDEs have shown higher vapor pressures than higher brominated PBDEs. Technically, Penta-,
Octa- and Deca-BDE are commercially produced PBDE mixtures [117].

The main pathways of exposure to PBDEs are inhalation, skin contact, and dietary intake, depending on age, sex, PBDEs analogs,
and geographical area [118]. However, it has been shown that dietary intake is one of the most important ways of human exposure to
PBDEs [119].

PBDEs can accumulate via the food chain and pose a serious human risk. It is believed that widespread use of a broad range of
PBDE-containing products is not the main point [117]. Extensive industrial production and usage of PBDEs in various products from
the 1970s (until the prohibition) and repeated recycling of old products led to broad and continuous washing of PBDE:s in the envi-
ronment, leading to continuous human exposure. Given the lipophilic nature and extensive existence of PBDEs in fishes, fish con-
sumption has long been considered a vital source of exposure to PBDEs in humans [18]. PBDEs content elevates with the fat content of
the fish, which can influence the bioavailability of PBDEs. Aside from fish consumption, human exposure to PBDEs through other food
categories, including meat, eggs, dairy products, and vegetables, has also been reported [117]. The approximated average daily intake
of PBDEs (mainly BDE-47, -99, and —153) by adults via diet is 0.6 and 4.0 ng/kg body weight per day in the United States and Europe,
respectively [120]. Numerous toxic characteristics of PBDEs have been proved. Their important targets are the thyroid hormones,
liver, nervous, and reproductive systems. Furthermore, PBDEs can impair DNA by inducing reactive oxygen species (ROS), and their
existence in the blood can result in atherosclerosis and other adverse cardiovascular problems [121]. Estimating intelligence quotient
(IQ) points loss, and intellectual disability reflects PBDEs exposure [122].

5. Phthalates

Phthalates (Fig. 2) are synthetic compounds that can contaminate food and cause health problems. They are made by reacting
phthalic anhydride with a variety of alcohols. This category comprises many chemicals referred to as phthalic acid esters (PAEs),
commonly used in various industries. Common phthalates are Diethyl phthalate (DEP), Di-(2-Ethylhexyl) phthalate (DEHP), Di-
isononyl phthalate (DINP), Di-isodecyl phthalate (DIDP), Benzyl Butylphthalate (BBP), and Di-n-butyl phthalate (DBP), commonly
applied in food packaging and the manufacture of food-contact plastics. The easy release of these compounds from plastics to food,
water, soil, and air makes them environmental pollutants globally that can accumulate along the food production chain. Recent studies
reported high phthalates in soft drinks, wine, mineral water, oil, and ready-to-eat meals. Then, the human may be exposed through
ingestion, inhalation, dermal, or iatrogenic pathway [123]. Phthalates have different physical and chemical properties, then their
impacts on humans and the environment are not the same, and their relation to many human diseases is still under discussion [124].

Humans are continuously exposed to phthalates because they are found in the environment (e.g., children’s toys, personal care
products, detergents, polyvinyl chloride flooring) and in the diet through food production processes and packaging. Recently in
America, the detection of phthalates has been reported in the pooled breast milk of women and infant formula [125].

During production and transportation, phthalates can quickly move from various food contact substances into foods and beverages
via using PVC gloves to handle foods or PVC piping in the olive oil industry or for milking, storing (from printing inks or glues on food
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packaging, or coatings on contaminated cooking utensils), and preparation as well as releasing phthalates into the atmosphere in the
production course up to the removal path of goods made from plastics. Generally, they are probably biomagnified to the top of the food
chain [126].

Due to relocation and leakage, food packaging materials may be a significant origin of PAEs in retailing foods. Plastic-made PVC
products, including a cover gasket for a glassy container, food packing film paper, board packing (manufactured from reprocessed
materials), and aluminum foil-paper laminates, are examples of phthalate-containing packaging [126].

Because food is the most common source of phthalate toxicity in humans, it is critical to determine the toxic amounts of phthalates
in foodstuff. PAEs are lipophilic then and usually present in fatty foods [127]. In the following parts, the most recent research literature
on the presence of phthalates in a broad range of foods and beverages (dairy products, edible oils and fats, edible plants, meat and
poultry, soft drinks, alcoholic beverages, and water) was discussed.

Because of their high ethanol content, alcoholic drinks are highly susceptible to PAE contamination. Indeed, ethanol can promote
PAE migration by its action as a solvent to extract PAE [128]. The inner layer of wine storing and fermenting tanks, consisting of epoxy
resins or polyester and fiberglass, was the primary cause of DBP and DIBP contamination in wines and spirits [129].

Bottled mineral water contamination by PAEs can be caused by the following factors: the staple properties and technological means
applied in producing bottles, the substances used during production, pollution of water resources with the waste of plastics decom-
posed from landfills, the use of recycled PET, and cross-pollution in the bottle-making workshop because of the widespread envi-
ronmental presence of PAEs’ and the pollution with cap fastening resins. The PAE concentration of PET bottled mineral water can be
influenced by storage time, pH, temperature (30-60 °C), and sunlight exposure [124]. Nonetheless, Bono-Blay et al. (2012) believe
that protected groundwater intended for bottling does not significantly contaminate with PAEs [116].

The movement of PAE from PET to the soft drink was 5-40 folds greater than that of mineral water. Since mineral water has low
acidity (pH = 5.8), phthalate level in preservative-free mineral water is low (20.22 g L™1). Soft drinks’ high acidity (pH < 3) increased
PAE migration [130].

Even though phthalates are fat-soluble compounds, the elevated infusing temperature for preparing tea will partly compensate for
the poor water solubility. Plastics used in packaging seem to be the possible origin of phthalates in industrial tea and coffee derivatives.
Plastics or a plastic coating are usually used in making teabags [131].

In a Swiss industry study (2005), PAEs were found in high concentrations in oily packaged food because plasticizers migrated from
PVC gaskets of caps for glass jars into the foodstuff [132]. The report of Marega et al. (2009) on phthalate contamination in the olive oil
production chain suggests that pollution can occur during harvesting time and transporting olives to the factory. In addition, high
levels of PAE were found alongside the olive oil generation chain, most likely due to interaction between the olives, paste, and oil with
pipes and plastic substances. Nevertheless, pollution concentrations were generally less than the Commission Directive 2007/19/CE
recommended restrictions in most cases [133].

According to previous studies, oil contamination by phthalate can decrease during refining, so the oil extracted by pressure usually
has more phthalate contents. Chemical processing caused phthalates to be eliminated differently based on their molecular weight,
though physical refining was used to exclude all phthalates [134]. Studies showed that edible oils could have severe estrogenic impacts
on humans 45-396 folds more than bottles of water [135].

Milk and dairy products have a high risk of phthalate contamination because they are high-fat foods. Many ways cause contam-
ination in the whole milk production chain from farm to forks, such as raw milk contamination by polluted feed, milking process by
PVC tubing, transportation of milk by cooling tank, and packaging materials. Creams had the largest concentrations of phthalates,
while light milk had the lowest [136].

In the Taiwanese population, an investigation of meat products showed that they could be contaminated by leaching from materials
during the production process or packaging. However, scientists reported that the toxicity of phthalates resulting from eating meat
products does not threaten human health [137]. Meat consumption could be higher in different populations leading to higher exposure
levels. Exposure levels deriving from meat consumption are below the established TDI, but all the contributions should be considered
from the diet to be sure that phthalate exposure does not threaten human health.

Because soils’ PAEs can be picked up and accumulated by plants, daily consumption of vegetables can bring risks to human health.
Plastics, particularly film covering, are among the most significant resources of PAEs in soil; sewage irrigation, use of fertilizers, and
sewer slush can increase PAE concentration in the soil. Studies on the absorption and translocation of PAEs by whole plants of certain
edible vegetables revealed that the total levels of PAEs in various plants vary, depending on the differences in lipid content. Since roots
have a higher lipid content, they can accumulate hydrophobic compounds preferentially [138].

It was discovered that vegetables grown in greenhouses had more DBP and DEHP than in open fields. Furthermore, PAEs accu-
mulated more in vegetable leaves than in soils. In the greenhouses, the air-borne levels of DEHP, DBP, and DIBP were seriously greater
than in outdoor ones. The findings indicate that vegetable plants can absorb PAEs from the air via their leaves. The overall PAEs in
leaves of vegetables from hothouses and those retailed on markets revealed that DEHP concentration was positively associated with the
greenhouse cultivation period, implying that DEHP can be extracted from plastic films whereas DBP from fertilizers and insecticides
[139]. According to the studies, the transfer of these compounds from packages into foods is affected by the kind of the packaging
material (PVC, polyethylene terephthalate (PET), gaskets of lids for glass jars and cartons), fat and ethanol content of foods, pH, the
level of lipophilicity, and biodegradation processes. Notably, the level of the mentioned compounds appears to rise alongside the food
chain, from animal or plant origins to processed foodstuff, such as dairies (milk, cheese, and butter), wines, and oils. Remarkably,
edible plants can show a combined danger for animal and human usage [140].

Recently, diets, including PAEs-polluted food and water, have been the primary means of exposing humans, responsible for over
67% of cases. According to published guidance, contact with DBP, DEHP, and BBP from water bottles is far below the maximum
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contaminant levels (MCL) reported by WHO [141].

Data show that phthalates from fast food containers do not add enormously to total customer exposure [142]. The research was
conducted to identify potential phthalate pollution routes in food products purchased on the Belgian market. High phthalate con-
centrations were detected in bread that was often consumed, and it was contaminated due to the use of polluted ingredients and
migration from phthalate-containing food containers used during processing. The analysis of the phthalate concentration profiles of
bread, apple, cheese, and salami has shown that manufacturing — not packaging — plays a crucial role in phthalate concentration in
foods [143].

The physical-chemical properties of PAEs have a significant effect on their aquatic toxicity (Fig. 3). The Kow affects their envi-
ronmental toxicity, bioaccumulation, and biodegradation. The Kow, an indicator of lipophilic property, rises as the number of carbon
atoms on the side chain increases, making longer-chain PAEs have further bioaccumulation in organisms. On the other hand, com-
pounds with strong hydrophobicity (log Kow > 6) do not demonstrate a similar pattern. According to acute and chronic toxicity data,
the higher phthalates (>C6) are less toxic than, the lower phthalates (<C6) to marine organisms, even at levels close to the limit of
solubility. To summarize, phthalate bioaccumulation factors (BAFs) are demonstrated by low-molecular-weight (LMW) phthalates that
are greater than expected by a lipid-water partitioning model, and species-specific variations exist in metabolic transition ability
among marine organisms.

In PAEs of median molecular weight (i.e., DBP and BBP), bioaccumulating trends are compatible with the general lipid-water
partitioning model, while BAFs are lower in high-molecular-weight (HMW) phthalates, including DEHP, due to tropic dilution in
marine organisms. Chemicals are less absorbed by marine organisms at greater log Kow and, thus, log Koc (adsorption coefficient);
thus, BAFs are decreased as a result of both less penetrability and higher biodegradability or metabolic rates. As a result, HMW PAEs
have lower ecotoxicity than LMW PAEs, and their effectual content in the body reduces as the alkyl chain length increases [124].
Bioaccumulation and bioconcentration factors (BAFs and BCFs) illustrate the tendency of chemicals to accumulate in specific or-
ganisms and high accumulation potential attributes to values of more than 1000 [144].

The existence of PAE in foods, drinks, and their packing has recently been clarified more obviously. Based on European REACH
Regulation, phthalate esters are placed in the Candidate List of “substances of very serious concern” (SVHC) for Authorization. After a
while, certain phthalates in plastics that contact food and beverages are banned entirely. WHO and US EPA set an MCL for DEHP at 6/8
pg/L. In the EU Water Framework Directive, DEHP is categorized as a “priority hazardous substance” and “toxic to reproduction” under
the EU regulation. Directive 2006/141/EC and Directive 2006/125/EC have announced that DINP, DIDP, and BBP can merely be
utilized as plasticizers infrequently used substances and plasticizers in disposable substances that contact non-fatty foods, excluding
baby formulations and follow-on ones and for packaged cereal-based diets and baby foods [124].

As announced by REACH, DEHP has been substituted with DINP and DIDP, which are not dangerous to reducing environmental and
health problems. HMW PAEs, including DINP and DIDP, are covered in REACH but have no harm to the healthiness of humans [145].

Based on liver effects, EFSA set individual TDIs of 0.15 mg/kg bw per day For DINP and DIDP, 0.5 mg/kg bw per day for BBP, 0.05
mg/kg bw per day for DEHP, and 0.01 mg/kg bw per day for DBP [146].

Although DIBP is not permitted in food packaging, the European Union (EU) has defined Specific Migration Limits (SMLs) in
plasticized containers, foods, and beverages for five phthalates (DBP: 0.3 mg/kg, DEHP: 1.5 mg/kg, and BBP: 30 mg/kg, DIDP and
DINP: 9 mg/kg, others: 60 mg/kg in food substance) are based on the directive No. 10/2011 EC of 14 January 2011. The SMLs are the
Maximum Accepted Concentration (MAC) of a specific material released into food and food simulants from a substance [147].

Widespread exposure to PAEs raises severe concerns about their effects on human health. Recently, data has accumulated that these
molecules will behave as presumed EDCs via interaction with various endocrine molecular routes when transformed into primary and
secondary metabolites.

After being ingested, PAEs are transformed chemically through esterase or lipase hydrolysis into their relevant monoesters or
phthalic acid, followed by sulphonation or glucuronidation in a second step before excretion. Endocrine and hormonal dysregulation,
breast and skin cancer, endometriosis, early puberty, sex abnormalities, infertility, altered fetal growth, obesity, type II diabetes,
attention-deficit hyperactivity disorder, autism spectrum disorders, hepatotoxicity, cardiotoxicity, allergy, nephrotoxicity, and asthma
have also been linked to PAE exposure [124]. It was discovered that there is strong support for a relationship between anogenital
distance in males and lower semen quality, neurodevelopment, and the risk of childhood asthma. It was showed weak to moderate
support for phthalates/metabolites correlation with the onset of many diseases such as low birthweight, endometriosis, low testos-
terone, ADHD, Type 2 diabetes, and breast/uterine cancer [148].

Minguez-Alarcon et al. (2018) found decreases of 37% and 42% in sperm concentration and count, respectively, by investigating
their relationship with exposure to PAEs and in a sample of American males over a particular period time (2000-2017). Many ex-
periments have shown that PAEs play a role in reproductive toxicity [149].

PAEs are endocrine disruptors because they can adversely modulate hormone activities and mechanisms, interacting with ERs, PRs,
and THRs. As a result, they compete with endogenous steroid hormones.

PAEs in males will cause the “testicular dysgenesis syndrome,” known as “phthalate syndrome,” which accounts for cryptorchidism
hypospadias, decreased anogenital distance, infertility-changed seminal and testicular cancer. The capacity of the mentioned sub-
stances in interaction with the hypothalamic-pituitary-gonadal axis and participation in signaling routes responsible for steroid ho-
meostasis and biosynthesis may be referred to as the molecular mode of action behind the “phthalate syndrome” [150]. The syndrome
above may also be caused by Sertoli dysfunction, resulting in Leydig cell inhibited meiosis, spermiogenesis, and testosterone synthesis,
regulated by oxidative stress and suppression of insulin-like growth factor 3 (Igf-3) [151]. After DBP treatment in male rats, a sig-
nificant rise in malondialdehyde formation in the testis, as the indicator of oxidative stress and lipid peroxidation, is known as the main
factor in the functional impairment of sperm [152].
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Remarkably, ROS are believed to disturb plasma membranes of sperms replete with polyunsaturated fatty acids, lower testosterone
levels, and induce apoptosis and mitochondrial membrane destruction in spermatogenic cells, lowering sperm production. In addition,
they discovered a phenotypic testicular modification caused by DEHP in vivo [153]. PAEs-mediated decreases in serum testosterone
and other main controllers of sperm development, such as follicle-stimulating hormone (FSH) and lactate dehydrogenase (LDH), are
likely to cause testicular dysfunction. According to a new study, a positive relationship exists between Mono-2-Ethylhexyl phthalate
(MEHP) and FSH/LH [154].

An unusual hypomethylation of the H19 gene with paternal imprint and hypermethylation of the LIT1 gene with maternal imprint
is another epigenetic process by which PAEs could cause endothelial dysfunction [155]. A possible explanation may be that
PAEs-mediated oxidative stress prevents methyl CpG-binding proteins from binding to CpGs, resulting in DNA demethylation [156].

Decrease fetal gestational age, follicular atresia, endometriosis, infertility, puberty, increased pregnancy loss, and decreased oocyte
yield are effects of exposure to phthalates in women. DEHP was found in breast milk, exposing newborns to these toxins through
breastfeeding. The impact of phthalates on the female reproductive tract is most probably associated with MEHP. PAEs can imitate
hormone production by coupling to various human receptors, causing estrogenic or anti-estrogenic effects [124].

PAE is also a possible risk factor for thyroid endocrine system dysfunction. Furthermore, since the thyroid system is so closely
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linked to the reproductive system, a cross-sectional analysis examined the relationship between urinary PAE concentrations and
thyroid hormones. According to the study by Meeker and Ferguson (2011), higher doses of MEHP were associated with less serum free
thyroxine (FT4) or serum thyroid-stimulating hormone (TSH). Higher doses of DEHP were found to cause thyroid gland hyperplasia
and hypertrophy [157]. Total thyroxine (T4), free T4, and total triiodothyronine (T3) are all negatively correlated with urinary DEHP,
while TSH is positively associated [158]. On the other hand, DEHP metabolites were found to be linked to T3 levels in adolescents. The
decrease in serum thyroid hormones is probably the result of a DEHP-mediated regulation of thyroid hormone metabolism,
biotransformation, biotransport, biosynthesis, and TSH receptor numbers [85].

It is worth noting that specific endocrine-disrupting agents, including PAEs and BPA, will function synergistically in the human
body to cause additive effects [159].

In conclusion, despite the need to minimize the distribution of PAEs, it is tough to replace them as plasticizers due to their excellent
properties. As a result, it is critical to recognize innovative manufacturing technology capable of improving the efficiency of food
packing to reduce chemical relocation and degradation of foods, beverages, oils, and other consumer goods. The most challenging task
continues to be the difficulties of harmonizing multiple regulations in various countries and the standardization of test requirements
and procedures of biological monitoring in humans [124].

6. Organochlorine pesticides (OCPs)

The world economy has been rapidly industrializing over the last century. Therefore, we observe a remarkable release of xenobiotic
compounds into the ecosystem. OCPs are a critical menace to the global environment and threaten human health owing to their
propensity for dispersion, long-distance transportation, and bioaccumulation in the food chain [160,161]. Because of their severe
environmental and adverse health effects, the existence of OCPs residues in foodstuffs, sediment, water, soil, air, and blood serum has
led to worldwide concern. OCPs are described as permanent and bioaccumulating chemicals susceptible to long-term transportation
[162,163]. OCPs are non-polar, fat-soluble, hydrophobic, toxic, and bioaccumulative environmental chemical pollutants composed of
carbon, hydrogen, and chlorine [164,165]. These are divided into six main groups [166-168]: 1. Dichlorodiphenyltrichloroethane
(DDT) and its analogs (e.g., methoxychlor, dicofol); 2. Hexachlorobenzene; 3. Hexachlorocyclohexane (HCH) and its isomers (a-HCH,
f-HCH, y-HCH, and 8-HCH); 4. Cyclodienes (e.g. endrin, aldrin, endosulfan, dieldrin, heptachlor, chlordane, isobenzan); 5. Chlor-
decone, Kelevan, and Mirex; 6. Toxaphene. Some physical traits and chemical structures of the main OCPs are presented in Table 2.

These compounds have high stability, and their half-life varies from months to years and sometimes decades. Their durability is
mainly owing to the carbon-chlorine (C-Cl) bond, which is resistant to hydrolysis and increases with the increasing number of chlorine
atoms [169,170]. Therefore, chemicals with more halogen are more resistant to degradation than compounds with less halogen
substitution [165].

Many OCPs make the nuclear receptors involved and elicit similar toxicity results. For instance, methoxychlor and p, p’-DDE have
been known as weak anti-androgens and estrogens [171]. There is evidence of their accumulation in the adipose tissue in non-target
organisms and are related to several illnesses, especially breast cancer [172]. As a result, OCPs are known as some of the most critical
toxic chemicals declared by the Agency for Toxic Substances and Disease Registry (ATSDR) within the United States Department of
Health and Human Services [173]. Over the last several decades, OCPs have been employed to eliminate diseases and pests’ carriers in
the agriculture, housing, and public health division, resulting in better crop yields, elimination of pest infections, reduced waste, and
improved public health via the eradication of native disease carriers. However, OCPs are severe environmental threats due to their
mode of action and direct impact on target and non-target organisms. They have been hydrophobic, ubiquitous, stable, and resistant to
degradation [162,174,175]. The lipophilic ability of OCPs causes them to bind to fatty tissue in animals and humans. This feature also
stabilizes them in the environment via water, sediment plants, and soil accumulation. As a global health concern, accumulating OCPs
in animal tissues can be highly threatening [163]. OCPs are resistant to physical, chemical, photochemical, and microbiological
degradation, and long-term transportation has turned them into local, regional, and global pollutants [176]. Investigations have
documented their existence through long transportation in the arctic region. Such long-range motion was related to characteristics,
including semi-volatility and chemical stability [177,178]. For example, the existence of OCPs in the higher geographical regions of
the Northern Hemisphere has been reviewed in the literature [179]. Much research has proved the temperature-dependent reaction of
OCPs in high-altitude regions [180]. In the southern hemisphere, however, little information was accessible on the
temperature-dependent transfer of these materials to the region. However, OCPs have been reported to be present even in the very cold
region of Antarctica [177,178]. OCPs are released from domestic, industrial, and agricultural sources into the environment. They are
significant threats to human health and ecosystems due to their potential for bioaccumulation and toxicities in organisms [181]. Health
problems related to OCPs include endocrine disorders, neurological damage, immune system suppression, cancer, and death [163,
182]. Annually, at least 220 000 people die worldwide from pesticide poisoning [183]. Despite the ban on the production and usage of
OCPs in numerous countries, they are still broadly applied in several developing countries [184,185]. Research has indicated the
existence of OCPs in environmental samples with more concentrations than organophosphate pesticides (OPPs) in regions where OCPs
are consistently used to control pests [186,187]. New investigations have revealed OCPs in sediment, water, soil, plants, fish, and
animal samples [176,187,188]. Many OCPs were also found in body fluids, such as serum, urine, and breast milk [176,189]. Most
studies on OCPs have been based primarily on levels and distribution in environmental samples [190-194].

The input pathways of OCPs to the environment (air, soil, and water) are industrial discharge from the factory and releasing
polluted wastes into landfills [195]. OCPs may be transported far by the wind before settling in water and soil [196]. Therefore, they
can travel long distances from their application points [197]. OCPs in marine environments may result from sewage discharge, direct
use, atmospheric deposition, wastewater release, agricultural runoff, and disposal of empty chemical containers [198]. However, the

13



14

Table 2

Physical and chemical characteristics of OCPs.

Pesticide Synonym CAS number Molecular formula Molecular weight Melting point (°C) boiling point (°C) Chemical structure
Dichloro-diphenyltrichloroethane p,p’-DDT 50-29-3 C14H9CI5 354.5 108.5 260 i & i
CI’ | Cl
Methoxychlor Dimethoxy-DDT 72-43-5 C16H15Cl302 345.6 87 346 |
0
ot )
a
P
dicofol Kelthane 115-32-2 C14H9CI50 370.5 77.5 180 (at 0.1 mm Hg) a
o c
Cl
Cl
Hexachlorocyclohexane alpha-HCH 319-84-6 C6H6Cl6 290.85 1125 311 cl
beta-HCH c cl
gamma-HCH
cl cl
cl
Endosulfan Benzoepin 33213-65-9 C9H6C1603S 406.9 106 106 (at 0.7 mm Hg) i a
Cl
a
o
Aldrin Aldrite 309-00-2 C12H8Cl6 364.9 104 °C 145 (at 2 mm Hg)
Endrin dieldrin 72-20-8 C12H8ClI60 380.9 175.5 245

(continued on next page)
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Table 2 (continued)

Pesticide Synonym CAS number Molecular formula Molecular weight Melting point (°C) boiling point (°C) Chemical structure
Dieldrin HEOD 60-57-1 C12H8ClI60 380.9 175.5 330 H cl
= Cl
N ~Cl
3 Cl
H cl
chlordane Octachlor 57-74-9 C10H6CI8 409.8 106.0 °C 175 (at 1 mm Hg) a
Cl
(;[
Cl
c cl
Cl
heptachlor Heptachlorane 76-44-8 C10H5Cl7 373.3 95.5 145 (at 1.5 mm Hg)
isobenzan Telodrin 297-78-9 C9HA4CI80 411.7 121 -
Chlordecone Kepone 143-50-0 C10CI100 490.6 350 350
Kelevan Despirol 4234-79-1 C17H12C11004 634.8 91 -
Mirex Dechlorane 2385-85-5 c10Cl12 545.5 485 485

a ¢C c

(continued on next page)
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Table 2 (continued)

Pesticide

Synonym

CAS number

Molecular formula

Molecular weight

Melting point (°C) boiling point (°C) Chemical structure

Toxaphene

Camphechlor

8001-35-2

C10HS8CI8

411.8

65-90 - al
al

al.
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cause of the unexpected contamination of pesticides in water is the leaching of pesticides from agricultural lands and surface soil to
downstream water, adversely affecting benthic organisms [199]. Due to their lipophilicity, these pesticides accumulate and are bio-
magnified [200]. Several OCPs are volatile. However, some may adhere to airborne or soil particles [201]. Dieldrin and DDT me-
tabolites may settle in the soil for years, where they finally penetrate the food chain via absorption. Animals and humans are then
affected by OCPs by consuming contaminated food. OCPs are removed from the soil and suspended in the air throughout the use,
where they are replaced [202].

Moreover, they can be absorbed by plants or penetrate the soil and contaminate groundwater. In aquatic conditions the pesticide
can absorb or excrete suspended solids and accumulate more in the base sediments where such substance is bioaccumulated in aquatic
organisms like fish [201]. OCPs can be concentrated directly in fish tissue from surrounding water and diets, where contaminants can
be transmitted through the food chain [203,204].

Humans are primarily exposed to pesticides through food consumption, respiration, and dermal contact [175]. Diet is the primary
source of daily exposure to OCPs, which are lipophilic (fat-soluble), abundantly existing in oily products [205]. Therefore, they can be
transmitted primarily by consuming fatty foods, including fish, meat, and dairy products. Eating polluted fruits and vegetables may
also lead to dietary exposure to OCPs. Research has shown that more than 90% of OCPs come from food, mainly fish [205]. Fish is
broadly consumed by many people worldwide [206]. The Cancer Risk data of OCPs in fish samples show values higher than the
acceptable standard of 1074, showing the potential exposure to cancer via fish consumption [167]. Kolani et al. (2016) studied twenty
OCPs in 150 vegetable samples (lettuce, tomatoes, and cabbage) gathered from Togo farms [207]. All vegetable samples studied were
polluted with at least one pesticide residue, 17% of which showed values above the highest residual range of the European Union
[208]. Anwar et al. (2011) stated worryingly high concentrations of endosulfan (774 pg/kg) in apple fruits bought from Pakistan
[209]. Such stable organic contaminants may also be accumulated by breeding animals from polluted water and feed through the use
of pesticides in animal production regions (treatment of sheepfolds, cowsheds, pigsties, warrens, and/or treatment of animals
themselves) [210]. As a result, both these contamination pathways can cause the bioaccumulation of stable pesticides in food products
of animal sources, including milk, meat, fish, fats, and eggs [211]. In Ghana, OCPs residues were determined in dairy products (cheese,
milk, and yogurt) from selected farms [212]. The most recent studies on EDCs concentrations in various food products have been
collected in Table 3.

Infants are often exposed to OCPs via breast milk, while fetuses can be exposed in the uterus through the placenta. Furthermore,
humans may be exposed to OCPs via polluted drinking water and air. Professionally, people can be exposed to pesticides while
producing, formulating, or using pesticides [237]. People who work directly with pesticides can be exposed to toxins by dermal contact
and inhalation. In addition, children might be exposed to pharmaceutical products polluted with pesticides [238]. Appropriate reg-
ulatory agencies such as the US FDA, US EPA, WHO, and the Occupational Safety and Health Agency (OSHA) have established
standards for some OCPs in the food, environment, and workplace. The primary goal of allowable restrictions is to protect people from
the adverse outcomes of OCPs [239].

The majority of pesticides are planned to damage or destroy pests. However, since the biological system of pests and humans are
similar, human health can be endangered by affecting various human systems and organs. According to the reports, pesticides may
threaten close bystanders, consumers, and laborers throughout production and transportation [240-243]. Some pesticides cause
external damage and irritation and internal poisoning diseases. It should be noted that although the application of OCPs is forbidden in
several countries, their occurrence in human tissues and the environment remains a significant concern [244,245]. Higher stability,
lipophilicity, and slow excretion from the body make OCPs durable in the environment and food chain. The accumulation of pesticides
in human fatty tissue is done by consuming contaminated food, particularly animal and fish fats, resulting in toxic effects and
accumulation of OCs chemicals [246]. The health risks of OCs are referred to as the type of pesticide and the amount and length of
exposure [240,241]. As a result, there are four principal input pathways for pesticides: dermal contact, ocular, respiratory, and diet
[241]. The side effects of OCPs on body health range from acute to chronic.

When there are multiple routes of exposure, finding a particular health issue for an OCP is challenging. OCPs are seen in human
body tissues (breast milk, blood, and adipose tissue), where they gradually break down, accumulate in adipose tissues, and stay in
human bodies for an extended period [247]. Epidemiological reports have shown a relationship between Parkinson’s disease and
exposure to OCPs [168]. The permissible remaining limits for individual and overall OCPs concentration in drinking water are 0.1 and
0.50 pg/L, respectively [167,248]. Based on US EPA classifications, aldrin and dieldrin have been categorized as potential human
carcinogens according to animal investigations [249].

Furthermore, the IARC has distinguished them as probably carcinogenic to humans (Group 2A) [13]. Ingestion of a high dose of
dieldrin and aldrin led to kidney damage and convulsions or other nervous system impacts [167]. However, prolonged exposure to
medium concentrations of dieldrin or aldrin has been shown to result in chronic convulsion, dizziness, headaches, vomiting, irrita-
bility, and out-of-control muscle movements [250].

As a potential human carcinogen, Heptachlor assigned as Class 2B has been proven to cause liver tumors in rats and mice. Side
effects on the nervous system and immune disorders were evident in animals affected by heptachlor epoxide during gestation and
infancy. Reduced body weight before death was revealed in the newborn animals exposed to high levels of heptachlor. Chlordan is
associated with the effects of reproductive disorders and immunosuppression in wildlife. The health effects of chlordane chemicals are
anxiety, depression, migraines, respiratory infections, and diabetes [167,251]. Endosulfan is a problematic agrochemical due to its
acute toxicity, bioaccumulation potential, and impact as an endocrine disruptor [252]. On the other hand, it has been reported that
DDE can bind to ARs in animals [185].

Few studies have stated a relationship between breast cancer and OCPs exposure [253]. Utilizing animal models, Korrick and Sagiv
(2008) reported that exposure to DDT/DDE in early life was related to reduced mental or behavioral functions in further development
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Table 3
The concentrations of EDCs in various food products based on the most recent studies.
Type of Number of  Type of Food product Results country References
chemical samples
BPA 52 Barreled drinking water 61/5% of samples were found to contain BPA, China [213]
maximum concentration of 898.7 ng/L
30 Canned meat (sausages, patés, and found in all samples, Portugal [214]
whole meals) Range: 4.4-202.3 pg/kg
93 Fruit juice BPA was identified in ~83% of the juice samples, Saudi Arabia [215]
Range: 0.14-28.97 pg/L
23 Canned legumes found in 91% of the samples, Range: 1.51-21.22 ng/ Italy [80]
mL
79 Canned convenience foods, Canned detected in 45 of 79 samples. Fish products had the Turkey [216]
vegetable oils, olives, and soft drinks highest level of BPA with 0.102 mg/kg
phthalates 54 paper-based food packaging all measured lower than 10 pg/g and in fact, most had ~ United States [142]
concentrations less than 1 pg/g
1016 edible vegetable oil sources Detection rate: China [217]
edible oil blend (n = 400), soybean oil DEHP = 1.94-7.78%
(n = 155), peanut oil (n = 121) and DBP = 5.16-13.48
rapeseed oil (n = 340)
9 edible oils Total Mean: 0.72-6.01 mg/kg, DiNP, DEHP, DiDP, global [135]
DBP, DiBP, DEP, and BBP, with 0.90, 0.81, 0.79, 0.71,
0.22, 0.17, and 0.10 mg/kg, respectively. The seven-
phthalates-derived average estrogen equivalence
values in edible oils are 45-396 times those in bottled
water.
60 livestock and poultry meat (30 pork: 0.62-0.80 mg/kg, Taiwan [137]
unpackaged pork and 30 unpackaged chicken: 0.42-0.45 mg/kg
chicken)
32 commercial tea infusions Black tea = 593.8 pg/L Italy [131]
Green Tea = 578.7 pg/L
98 vegetable greenhouse agriculture 0.95-8.09 mg/kg China [140]
64 fast foods DEHT:2510 pg/kg United States [218]
PCBs 84 Vegetables Mean: 2.30-97.00 ng/g dw Pakistan [219]
Beans Mean:2.71-151.67 ng/g
Grains Mean: 2.71-151.67 ng/g
60 Butter Mean: 21.701 9.02 ng/g fat Iran [220]
120 Dairy products (Yogurt, Doogh, Kashk) ~ Mean: 15.17 + 3.44 ng/g fat (EU limit, 40 ng/g fat) Iran [221]
PBDDs 126 Egg TEQ range: 0.05-0.57 pg/g Poland [43]
160 Fish (n = 19) Range: 0.025-0.093 pg TEQ/g Italy [61]
Mussels (n = 8) Range: 0.022-0.036 pg TEQ/g
Beef (n = 6) Range: 0.020-0.045 pg TEQ/g
Poultry meat (n = 5) Range: 0.013-0.019 pg TEQ/g
Hens eggs (n = 6) Range: 0.024-0.048 pg TEQ/g
Pork (n = 6) Range: 0.016-0.026 pg TEQ/g
Cow milk (n = 6) Range: 0.012-0.023 pg TEQ/g
Ship milk (n = 4) Range: 0.011-0.020 pg TEQ/g
182 Sardines (n = 12) Min: <0.001-0.012 ng/kg w.w. UK [222]
(marine Max: 0.021-0.042 ng/kg w.w.
fish) Mean: 0.006-0.022 ng/kg w.w.
Mackerel (n = 14) Min: <0.001-0.010 ng/kg w.w.
Max: 0.012-0.031 ng/kg w.w.
Mean: 0.004-0.015 ng/kg w.w.
Herring (n = 6) Min: <0.001-0.014 ng/kg w.w.
Max: 0.013-0.034 ng/kg w.w.
Mean: 0.005-0.019 ng/kg w.w.
Grey Mullet (n = 9) Min: <0.001-0.008 ng/kg w.w.
Max: 0.017 0.021 ng/kg w.w.
Mean: 0.005-0.013 ng/kg w.w.
Sprat (n = 15) Min: <0.001-0.007 ng/kg w.w.
Max: 0.012-0.026 ng/kg w.w.
Mean: 0.004-0.016 ng/kg w.w.
Sea Bass (n = 13) Min: <0.001-0.010 ng/kg w.w.
Max: 0.010 0.022 ng/kg w.w.
Mean: 0.003-0.014 ng/kg w.w.
Turbot (n = 6) Min: 0.008 0.013 ng/kg w.w.
Max: 0.008 0.013 ng/kg w.w.
Mean: 0.002-0.008 ng/kg w.w.
PCDD/FS 35 Fish Concentration: 0.50 pg WHO-TEQ/g w.w. Italy [223]
Seafood Concentration: 0.16 pg WHO-TEQ/g w.w.
Meat Concentration: 1.70 pg WHOTEQ/g lipid weight

(continued on next page)
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Table 3 (continued)

Type of Number of  Type of Food product Results country References
chemical samples
Meat based products Concentration: 1.03 pg WHO-TEQ/g lipid weight
Milk and dairy products Concentration: 0.78 pg WHO-TEQ/g lipid weight
Hen eggs Concentration: 0.71 pg WHO-TEQ/g lipid weight
Fats Concentration: 0.27 pg WHO-TEQ/g lipid weight
Olive oil Concentration: 0.09 pg WHO-TEQ/g lipid weight
929 Raw, non-processed Liver samples: Mean: 0.018 pg WHO-TEQ g-1 w.w. Poland [224]
Chicken (n = 21) Range: 0.010-0.0350.018 pg WHO-TEQ g-1 w.w.
Pig (n = 14) Mean: 0.071 WHO-TEQ g-1 w.w.
Range: 0.013-0.545 WHO-TEQ g-1 w.w.
Cattle (n = 20) Mean: 0.067 WHO-TEQ g-1 w.w.
Range: 0.012-0.340 WHO-TEQ g-1 w.w.
Sheep (n = 44) Mean: 0.597 WHO-TEQ g-1 w.w.
Range: 0.013-1.83 WHO-TEQ g-1 w.w.
115 Farmed fish: Mean: 0.22-0.88 pg g-1 w.w. Greece [225]
Farmed sea bream (n = 42)
Farmed sea bass (n = 34) Mean: 0.13-0.68 pg g-1 w.w.
Farmed trout (n = 7) Mean: 0.10-0.43 pg g-1 w.w.
Wild fish (n = 32) Mean: 0.49-0.13 pg g-1 w.w
445 Meat Beef (50 steak and 83 Range: 0.79-2.41 pg TEQ/g fat Italy [226]
hamburger)

Pork (50 loin and 122 sausage)
Chicken (70 breast sample)
Turkey (70 breast sample)

TCCD _ Fish Range: 3.5 to 12.7 pgTEQ WHO 2005 g —1 Tanzania [227]
Mean: 8.1 pg/g
OCPs One gram Beans Heptachlor, Mean: ND Nigeria [228]

Aldrin, Mean: 1.25 + 1.94 (mg/kg)
y-BHC, Mean: ND
p,p-DDE, Mean: 0.22 + 0.35 (mg/kg)
Dieldrin, Mean: 4.46 + 5.07 (mg/kg)
Endrin, Mean: 0.33 + 0.52 (mg/kg)
p,p-DDD, Mean: 0.21 =+ 0.34 (mg/kg)
Endosulfan II, Mean: 1.08 + 0.25 (mg/kg)
p,p-DDT, Mean: 0.24 + 0.37 (mg/kg)
Endrin CHO, Mean: 3.54 + 2.47 (mg/kg)
Endosulfan I, Mean: 1.76 + 2.72 (mg/kg)
One gram Cowpea Mean concentration: Nigeria [228]
Heptachlor: 0.64 + 0.69 (mg/kg)
Mean concentration:
Aldrin: 4.28 + 2.89 (mg/kg)
Mean concentration:
y-BHC: 0.80 + 0.13 (mg/kg)
Mean concentration: p,p-DDE: 0.57 + 0.56 (mg/kg)
Mean concentration:
Dieldrin: 10.44 =+ 8.02 (mg/kg)
Mean concentration:
Endrin: 0.83 + 0.83 (mng/kg)
Mean concentration: p,p’-DDD: 1.15 + 0.54 (mg/kg)
Mean concentration:
Endosulfan II: 8.80 + 7.6 (mg/kg)
Mean concentration: p,p-DDT: 0.96 + 0.81 (mg/kg)
Mean concentration:
Endrin CHO: 7.04 + 4.50 (mg/kg)
Mean concentration:
Endosulfan I: 5.83 + 6.25 (mg/kg)
5 Leafy vegetable (Amaranthus Cyclohexanes, Mean: 1.122 + 0.444 (ug/kg) Nigeria [229]
Spinosus) DDT, Mean: 1.412 + 0.361 (ug/kg)
DDD, Mean: 1.280 =+ 0.317 (pg/kg)
Dicofol, Mean: 0.386 + 0.135 (pg/kg)
Perthane, Mean: 1.226 + 0.333 (pg/kg)
Methoxychlor, Mean: 1.450 + 0.394 (pg/kg)
Aldrin, Mean: 0.960 =+ 0.283 (pg/kg)
Dieldrin, Mean =+ Std: 0.694 =+ 0.232 (ug/kg)
5 Leafy vegetable (Amaranthus Heptachlor, Mean =+ Std: 0.782 + 0.274 (ug/kg) Nigeria [229]
Spinosus) Chlordane, Mean =+ Std: 1.086 + 0.307 (pg/kg)
Endosulfan, Mean + Std: 0.538 + 0.160 (pg/kg)
Hexachlorobenzene, Mean =+ Std: 0.362 + 0.098 (ug/
kg)

(continued on next page)
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Number of
samples

Type of
chemical

Type of Food product

Results

country

References

100 Brinjal- Radish
Tomato- Bitter gourd
Cabbage-Brinjal
Cucumber- Brinjal
Chilli- Bitter
Cauliflower- Cabbage
Chilli- Cabbage

100 Grape fruit-Water melon

Guava- Water melon

Banana- Water melon

Lemon- Banana

Papaya- Banana

Vegetables (Carrot, Onion, Cabbage,

Garlic, Ginger)

Heavy 1gr
metals

99 Muscles of fish
E. Lucius (n = 10)

S. lucioperca (n = 9)

M. salmoides (n = 23)

L. macrochirus (n = 35)

S. erythrophthalmus (n = 22)

93 Rice (n = 57)

Bitter gourd (Momordica charantia)
n=9)

Papaya (Carica papaya)
(n=6)

Okra (Abelmusch us esculentus)
(n=6)

Pentachlorobenzene, Mean =+ Std: 0.360 + 0.063 (pg/

kg)

Mirex, Mean + Std: 1.102 + 0.288 (ug/kg)
Toxaphene, Mean =+ Std: 1.130 + 0.306 (pg/kg)
Alpha HCH, Mean + Std: 1.596 + 0.427 (pg/kg)
Beta HCH, Mean =+ Std: 1.432 + 0.388 (ug/kg)
Gamma HCH, Mean + Std: 1.866 + 0.483 (pg/kg)
Aldrin, Range: 1.13 + 0.65-5.42 + 1.32 pg/kg
p,p’-DDE, Range: 1.43 + 0.15-5.65 + 1.09 pg/kg
CisChlordane Range: 0.85 + 0.15-3.67 + 1.01 pg/kg
p,p’-DDT, Range: 1.04 + 0.45-5.90 + 1.87 pg/kg
Endrin, Range: 2.29 + 0.28-4.32 + 1.21 pg/kg
a-Endosulfan, Range: 0.77 + 0.34-7.74 + 2.45 pg/kg
Lindane-1, Range: 1.08 + 0.39-2.93 + 0.98 pg/kg
Aldrin, Range: 0.93 + 0.47-3.67 + 1.98 pg/kg
p,p’-DDE, Range: 0.38 + 0.21-2.25 + 1.07 pg/kg
p,p’-DDT, Range: 0.328 + 0.18-0.61 + 0.29 pg/kg
f-Endosulfan, Range: 0.23 + 0.03-0.89 + 0.39 pg/kg
Lindane-I, Range: 0.53 + 0.32-1.03 + 0.79 pg/kg
Pb Concentration: 10.1-14.3 mg/kg

The concentration of Pb in all vegetables was higher
than the safe limits.

Cr Concentration: ND

Cd Concentration: ND

Cd Range: 0.003-0.005 mg/kg of wet weight

Pb Range: 0.034-0.074 mg/kg of wet weigh

Hg Range: 0.071-0.287 mg/kg of wet weigh

Cd Range: 0.003-0.004 mg/kg of wet weigh

Pb Range: 0.045-0.087 mg/kg of wet weigh

Hg Range: 0.071-0.254 mg/kg of wet weigh

Cd Range: 0.002-0.004 mg/kg of wet weigh

Hg Range: 0.056-0.161 mg/kg of wet weigh

Cd Range: 0.001-0.003 mg/kg of wet weigh

Pb Range: 0.051-0.115 mg/kg of wet weigh

Hg Range: 0.078-0.140 mg/kg of wet weigh

Cd Range: 0.003-0.004 mg/kg of wet weigh

Pb Range: 0.049-0.106 mg/kg of wet weigh

Hg Range: 0.043-0.081 mg/kg of wet weigh

Cr Mean: 10.78 + 8.48 mg/kg dw

Range: 0.45-32.49 mg/kg dw

As, Mean: 1.87 + 1.1 mg/kg dw

Range: 0.72-6.05 mg/kg dw

Cd, Mean: 0.081 + 0.086 mg/kg dw

Range: 0.001-0.37 mg/kg dw

Pb, Mean: 4.34 + 4.35 mg/kg dw

Range: 0.21-18.04 mg/kg dw

Cr, Mean: 28.72 + 9.99 mg/kg dw

Range: 14.35-47.67 mg/kg dw

As, Mean: 1.52 + 0.39 mg/kg dw

Range: 1.01-2.03 mg/kg dw

Cd, Mean: 3.15 + 2.13 mg/kg dw

Range: 0.81-6.70 mg/kg dw

Pb, Mean: 5.96 + 1.76 mg/kg dw

Range: 3.34-8.53 mg/kg dw

Cr, Mean: 21.23 + 11.35 mg/kg dw

Range: 8.69-26.30 mg/kg dw

As, Mean: 1.91 + 0.79 mg/kg dw

Range: 0.79-2.99 mg/kg dw

Cd, Mean: 1.26 + 0.30 mg/kg dw

Range: 0.84-1.69 mg/kg dw

Pb, Mean: 6.65 + 2.52 mg/kg dw Range: 3.92-10.20
mg/kg dw

Cr, Mean: 23.42 + 5.79 mg/kg dw

Range: 15.22-28.51 mg/kg dw

As, Mean: 2.55 + 0.70 mg/kg dw

Range: 1.53-3.64 mg/kg dw

Cd, Mean: 2.86 + 1.39 mg/kg dw

Range: 1.35-4.84 mg/kg dw

20

Bangladesh

Bangladesh

Nigeria

Morocco

Mechraa-
Hammadi
Dam

Bangladesh

Bangladesh

Bangladesh

Bangladesh

N

30]

[231]

[232]

[232]

[233]
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Table 3 (continued)

Type of Number of  Type of Food product Results country References
chemical samples

Pb, Mean: 21.12 =+ 11.34 mg/kg dw

Range: 8.32-35.87 mg/kg dw
Bean (Phaseolus vulgaris) Cr, Mean: 18.16 + 4.88 mg/kg dw Bangladesh
(n=3) Range: 12.52-21.10 mg/kg dw

As, Mean: 1.67 + 0.42 mg/kg dw

Range: 1.26-2.11 mg/kg dw

Cd, Mean: 1.58 + 0.64 mg/kg dw

Range: 0.94-2.25 mg/kg dw

Pb, Mean: 7.10 + 2.11 mg/kg dw

Range: 4.71-8.74 mg/kg dw
Brinjal (Solanum melongena) Cr, Mean: 21.78 + 11.07 mg/kg dw Bangladesh
(n=5) Range: 10.40-33.40 mg/kg dw

As, Mean: 2.12 + 0.54 mg/kg dw

Range: 1.57-2.88 mg/kg dw

Cd, Mean: 0.87 + 0.23 mg/kg dw

Range: 0.64-1.26 mg/kg dw

Pb, Mean: 7.01 + 2.11 mg/kg dw

Range: 3.77-9.49 mg/kg dw
Chilli (n = 4) Cr, Mean: 16.41 + 6.22 mg/kg dw Bangladesh

Range: 8.12-21.57 mg/kg dw

As, Mean: 2.15 + 0.59 mg/kg dw

Range: 1.48-2.91 mg/kg dw

Cd, Mean: 1.12 + 0.31 mg/kg dw

Range: 0.81-1.43 mg/kg dw

Pb, Mean: 13.48 + 9.86 mg/kg dw

Range: 7.32-28.18 mg/kg dw

497 Sausages Mean: Cr (6.040 ug/kg) > Pb (1.524 pg/kg) > Ni Iran [234]
(0.525 pg/kg) > Cd (0.115 pg/kg) > As (0.066 pg/kg)
1kg Tomato As: 1.93 + 0.50 mg/kg dw Ethiopia [235]

Pb: 3.63 + 0.11 mg/kg dw
Cd: 0.56 + 0.05 mg/kg dw
Cr: 1.49 + 0.01 mg/kg dw
Hg: 3.43 + 0.05 mg/kg dw
1kg Cabbage As: 5.73 £ 0.37 mg/kg dw Ethiopia
Pb: 7.56 + 0.23 mg/kg dw
Cd: 1.56 + 0.05 mg/kg dw
Cr: 1.49 + 0.01 mg/kg dw
Hg: 4.23 + 0.28 mg/kg dw
92 Canned tuna Cd Mean: 0.02 + 0.019 mg/kg Iran [236]
Pb Mean: 0.18 + 0.2 mg/kg
Hg Mean: 0/22 mg/kg
None of the tested samples exceeded the CAC limit

[254]. Potentials for reproductive dysfunction and neurotoxicity of DDT were shown in both vertebrates and invertebrates’ varieties.
The strong estrogenic action of DDT has been proven in mammals. In a study on diabetes in Mexican Americans, an increased
prevalence of the disease was related to DDE and DDT serum glucose concentrations [255]. Chlorinated benzene in humans can lead to
ulceration, liver disorder, hair loss, skin lesions, and thyroid damage [256]. Hematologic disorders, including leukopenia, thrombo-
cytopenia, anemia, granulocytosis, eosinophilia, and monocytosis, are associated with chronic human exposure to y-HCH. Exposure to
y-HCH indoors and at work causes aplastic anemia in humans [167]. The nervous system can be damaged by exposure to high levels of
Lindane, causing various symptoms from dizziness and headaches to convulsions, ataxia, altered menstruation, seizures, and eventual
death [257,258]. Exposure to p-HCH during pregnancy is associated with changes in thyroid hormone levels, influencing brain
development. Research has proven that all hexachlorocyclohexane isomers can practically be predicted to cause human cancer [255].
Another study has shown that OCPs lead to estrogenic impacts in females and anti-androgenic impacts in males [245].

OCPs are stable environmental pollutants acting as endocrine toxicants and disruptors in organs. They are among the most
important chemicals threatening human health [100]. OCPs can function as teratogens, disrupting the neuroendocrine and endocrine
glands, suppressing the immune and reproduction system, and dysregulating metabolism [259].

Endocrine-related routes were distinguished in a modified Toxicogenomics Database susceptible to this compound class using a
computational approach, and these included reproduction (steroid biosynthesis, gonadotropins, oxytocin, estradiol, androgens),
thyroid hormone, and insulin [260]. Studies show that these agrochemicals activate ERs, ARs, and retinoic acid receptors with a
comparatively large affinity, despite the variations in their effectiveness. Chlorine pesticides, because of their stability and high
toxicity to marine and earthy wild animals in addition to humans, stay significant and worrying agrochemicals [260-262]. It has been
proven that OCPs act as endocrine disruptors, preventing essential hormonal signaling functions in invertebrates and vertebrates.
Studies show that various OCPs act as weak estrogens or anti-androgens and may interfere with other hormonal systems, such as those
generated by the Thyroid [263-266]. They also act as neuroendocrine disruptors. For instance, there is a relationship between intake
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of dieldrin and Parkinson’s disorder. Furthermore, such chemicals inhibit natural metabolism, mitochondrial oxidative respiration,
and immune function. Therefore, OCPs may directly or indirectly influence endocrine systems by disrupting metabolism, ATP creation,
and hormone synthesis [267-269]. The endocrine system is formed early in growth, and exposure to toxins may disorder the growth
pathway of endocrine tissues. Several teratogenic influences have been shown in fish farming with OCPs exposure [260,270].

Ton et al. (2006) introduced a teratogenicity indicator as the dose ratio leading to 50% death (LC50) over the dose leading to 50%
developmental abnormalities (EC50), i.e., the ratio of LC50/EC50. A scoring indicator >1 as teratogenic was evaluated. There was a
relative teratogenic indicator of 3.5 for DDT at 96 host fertilization in the mentioned research, while the dieldrin value was 0.1 [271].
These values were compared with TCDD with high teratogenic potential with a rate of 15.3. DDT and dieldrin have also been found to
reduce heart rate, cause tremors in the early stages of the fetus, and destroy dopaminergic and cholinergic neurons. This is because
hormone-secreting factors can be stimulated or inhibited by dopamine and acetylcholine in the central nervous system [268].

Neurodevelopment and the ontogeny of the dopaminergic system can be influenced by early exposure to OCPs. A potential for
deformity and malformations have been reported in response to the toxaphene toxins [272]. Increased dieldrin concentration, skeletal
deformity, and cardiac hemorrhaging have been observed [268,271]. Toxaphene is a complicated mix of substances formed by the
reaction of chlorine gas with camphene. Exposure to 15-20 mg of toxaphene per liter can cause deformity, including lack of
pigmentation, the toxicity of spinal deformity, and yolk sack edema. Toxaphene can block blood flow to the heart, even though there is
a heartbeat [273]. However, OCPs are complex molecules that can act as endocrine disruptors. Evaluation of fetal toxicity to various
chlorinated organic pesticides showed that, even in the early stages of embryonic formation, OCPs might alter the egg yolk precursor
protein called vitellogenin (vtg) [274]. An increase was observed in vtgl expression in fetuses by heptachlor, endosulfan, and
methoxychlor. Some OCPs show estrogenic chemicals when vertebrates, including humans, undergo sensitive sex determination stages
[260]. In fact, following a single pulse of the chemical into the egg, there was a complete change of male to female sex for ten weeks
[275].

In summary, OCPs are teratogens and change the growth process of vertebrates and cause abnormality, mainly due to the func-
tioning of estrogen or anti-androgens, leading to the change in neuroendocrine that alter the brain form [260].

From the viewpoint of neurotoxic effects, numerous studies on OCPs have previously concentrated on a possible relationship
between neuropsychological impairment and prenatal exposure to OCPs [276]. According to research, OCs, like DDT, are excreted in
breast milk and pass the placenta, resulting in postnatal poisoning in infants, especially neurodevelopmental malfunctions. The risk of
developing autism spectrum malfunctions with maternal exposure to OCPs throughout pregnancy has been demonstrated in previous
studies [277,278]. Many documentations have shown a positive correlation between neurodevelopmental malfunctions and pre-and
postnatal OCs exposure, such as autism, memory loss, impaired psychomotor and cognitive development, Parkinson’s disease, and
anxiety [167,278].

7. Tributyltin (TBT)

TBT (Fig. 2) is a poisonous substance in the group of organotin chemicals applied for different industrial targets such as slime
monitoring in paper mills, sanitizing of circulating industrial cooling waters, textiles (mainly sportswear), antifouling agents, and the
preservation of wood, giving direct skin contact to TBT. Because of its broad application as an anti-interference agent in boat paints,
TBT is a usual pollutant of marine and freshwater ecosystems exceeding acute and chronic poisoning concentrations [279].

This indicates that TBT is more concentrated in marine habitats, potentially bioaccumulating aquatic organisms. Organotin
chemicals can also enter the food chain and, finally human body upon human consumption of oysters, farmed salmon, mussels, and
clams [280]. Fundamentally, there are several effects of TBT which are well recognized in organotin substances, which produce
different effects when aquatic life is exposed to these compounds. These effects include; larva death, growth retardation, develop-
mental and reproductive effects, immune toxicity, and carcinogenicity [281].

Consumption of polluted drinking water, beverages, and especially marine food is significant for human exposure to TBT [282].
However, despite the proof that these origins expose humans to organotin chemicals, little data on butyltin accumulation in humans
are available. Biotic degradation is the leading way to delete TBT pollution in the water and sediment [279]. The procedure takes place
through debutylation and makes the less poisonous metabolites dibutyltin (DBT), monobutyltin (MBT), and inorganic tin [283].
Mammalians are susceptible to the toxic effects of TBT. Humans exposed unintentionally or professionally to organotins experience
seizures, periods of severe pain, and mental disorders [284]. According to immune function studies, a TDI value for TBT of 0.25 pg/kg
body weight per day was established [279].

TBT exposure can interfere with the development and normal function of the female reproductive organs in the HPG axis, such as
the anterior pituitary, ovary, and hypothalamus, thereby reducing fertility [285,286]. In addition, TBT exposure caused an increase in
serum testosterone levels and cystic follicles and a reduction in total healthy ovarian follicles and inflammation, followed by the
increased presence of macrophage and mast cells [287].

Biological effects of TBT on the male reproductive system indicate retarded sexual development, prohibition of sex steroid
metabolism, epididymis, decrease in size of the testis, decreased sperm count, sperm viability, morphology, and density, as well as
coagulating gland abnormal testicular histology [288]. TBT impairs the testicular cholesterol homeostasis and steroidogenesis by
disrupting the cholesterol transporter apolipoprotein E (APOE), nuclear receptor, and steroidogenic enzymes [289].

Several studies on adipose tissue have indicated that EDCs are increasingly implicated in the pathogenesis of obesity, and TBT has
been introduced as the leading environmental obesogen [290].

TBT acts as an agonist for PPARG and RXRA, nuclear hormone receptors (NRs), using alterations in gene expression and stimulating
adipogenesis by inducing their differentiation from mesenchymal stem cells and/or from pre-adipocytes [291].
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In adults, TBT induces not only weight gain but also metabolic disruption (i.e., hepatic steatosis, hyperinsulinemia, hyper-
leptinemia), and adipocyte formation in bone [292].

Furthermore, there is a frame of facts indicating that TBT can also be considered a thyroid disruptor, thereby eventually triggering
the development of obesity and metabolic disorder [293].

From the viewpoint of neurological disorders, the administration of TBT elicited eccentric behavior, decreases in synaptogenesis in
rats, and a reduction in brain weight within the cerebellum, suggesting that a primary target of TBT is the central nervous system
[294]. Evidence also suggests that TBT induces neuronal damage by barricading an important cellular antioxidant mechanism,
glutathione s-transferase, and ultimately generating ROS [295].

Recently reported that TBT induces cell death in cultured rat cortical neurons, demonstrating an increment of extracellular
glutamate content, overactivation of glutamate receptors, phosphorylation of extracellular-regulated kinase, and production of ROS.
The mechanism of TBT-induced glutamate release remains equivocal, but TBT was reported to disrupt mitochondrial activity by
suppressing ATP synthase, resulting in a reduction of ATP levels [296].

8. Heavy metals

Heavy metals, as natural constituents of the earth’s crust, are well-known as persistent non-degradable environmental contami-
nants; bioaccumulating over a while in human and animal bodies through food and water intake, as well as inhalation [297-300].

Generally, the term “heavy metals,” highly toxic to living organisms, refers to metals and metalloids with relatively high densities
(more than 5 g/cm®). Some researchers insist on replacing the controversial term “heavy metals” with “potentially toxic elements”
[3011, chiefly including Arsenic, cadmium, chromium, lead, and mercury, which enter the human body through ingestion, inhalation
and dermal contact [299,302-305].

8.1. Arsenic (As)

Arsenic, as a metalloid, is the 20th most copious element on earth. Arsenate and arsenite compounds, the inorganic forms of As, are
lethal to humans and other organisms in the environment [306,307]. Arsenic is a pure crystal in many minerals or in conjunction with
Sulphur and other metals. It can exist in various allotropes, although only the grey form has important use in industry [308].

Aside from occurring naturally in the environment, arsenic can be exceedingly unleashed via volcanic activity, erosion of rocks,
human activity, and forest fires [309]. Also. Some As-containing products include soaps, paints, dyes, metals, drugs, semi-conductors,
pesticides, and fertilizers. In some cases, animal feeding operations release arsenic into the environment in larger quantities [310].

Intake of food and drinking water are significant sources of general population exposure to arsenic [311]. Entering the body arsenic
by food consumption is mainly attributed to fish and seafood. The inorganic forms of As in food appears to be much more toxic than the
organic form [312]. In 2001, US EPA lowered the allowable limit of arsenic in drinking water from 50 pg/kg to 10 ppb [313,314].

In 1989, JECFA defined the PTWI as 15 pg/kg bw per week, which was withdrawn in 2010. The EFSA has set BMDLO1 As at 0.3-8
pg/kg bw per day, based on findings in the field of human cancer. Regarding the most conservative limit, a result is a 70-kg person with
a daily intake limit of 21 pg/day of inorganic As [315].

Higher levels of Exposure to As can possibly cause death. Ingestion of a lower amount may appear as nausea and vomiting,
abnormal heartbeat, decrease in the number of white and red blood cells, a sensation of “pins and needles” in hands and feet, and blood
vessels impairment [309]. Long-term exposure can lead to cardiovascular disease, diabetes, skin lesions, and cancers of the skin,
kidney, and bladder [316].

The substantial target organ of arsenic toxicity is a neural system, which can pass through the blood-brain barrier and attenuate
concentration and learning [317]. As-induced neurotoxicity seems to follow several mechanisms, including oxidative stress, decreased
acetylcholinesterase activity, and thiamine deficiency [318]. Chronic neurological symptoms of As exposure are encephalopathy,
peripheral neuropathy, and delirium [319].

Several epidemiological studies have observed a significant association between arsenic exposure and adverse infant outcomes,
indicating spontaneous abortion, low birth weight, and infant mortality [320]. As intake may induce gonad dysfunction in males via
suppressing testosterone synthesis, necrosis, and apoptosis, significantly causing infertility, low sperm quality, and erectile failure
[321]. As can accumulate in testes and accessory sex organs, such as the prostate gland, epididymis, and seminal vesicle [322].

In females, the reproductive cycle is influenced by As, such as lessening the plasma levels of estradiol and progesterone, inhibiting
ovarian steroidogenesis, declining ovarian uterine and follicular cells, and prolonged diestrus [323].

Research has shown that arsenic has a direct and indirect role in developing Thyroid disorder [324]. Arsenic trioxide (AsyO3) and
sodium arsenite (NaAsO5), called Arsenicals, play a pivotal role in thyroid malfunction by accumulating in thyroid tissue, altering the
activity of thyroid hormone nuclear receptors [325], inhibiting TPO activity in vitro, inducing an increase of total and free T3 levels, a
decrease of hepatic 5’ deiodinase activity in rats, and inducing goiter in human [326].

Accumulating As in the kidney leads to dysfunction of the proximal tubules and glomerulus, which makes the association between
As exposure and renal damage clear [327]. As toxicity to the kidney may be mediated by ROS, which enhances lipid peroxidation and
cellular damages, including apoptosis. Long-term exposure to As is believed to cause tubular interstitial damage, glomerular collapse,
and glomerular sclerosis [328]. Acute tubular necrosis, increased creatinine and blood urea nitrogen levels characterize acute kidney
disease due to As exposure [327,328].

The liver is a major target organ of human arsenic carcinogenesis [329]. The liver is vulnerable to prolonged exposure to small
amounts of arsenic; however, the precise degree of human sensitivity to arsenic cannot be predicted [330]. Findings have
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demonstrated an association between chronic As exposure and abnormal liver function, hepatoportal sclerosis, hepatomegaly, liver
fibrosis, and cirrhosis [331]. The As toxicity is diagnosed by demonstrating a high As level in urine, nails, and hairs [332].

8.2. Mercury (Hg)

Mercury (Hg), as a potentially toxic element, has aroused global public health concern [333]. Hg occurs in the metallic form (Hg?),
organic form (commonly methyl or ethyl mercury), and inorganic form (Hg", Hg?"), which exists in water, air, and soil. Metallic
mercury is liquid at room temperature and can be readily evaporated, absorbed from the lungs (80%), and distributed throughout the
body [334].

Inhalation of the high amount of Hg vapor may result in central nervous system disorders, interstitial pneumonitis, and acute
bronchitis [335].

The most noxious form of Hg is attributed to the organic Hg, mainly detected as methyl/ethyl Hg. The primary sources of Hg
exposure include seafood, poultry, pesticides, vaccines, medical devices [336], dental amalgams, skin-lightning creams, button cell
batteries, broken thermometers, and compact fluorescent light bulbs [337]. Organic Hg causes neurological disturbances and skin
manifestations. Hg-related kidney failure is chiefly related to a nephrotic syndrome with membranous nephropathy pattern and
tubular malfunction with enhanced urinary excretion of albumin, retinol-binding protein, transferrin, and p-galactosidase [338]. After
acute exposure to Hg, acute tubular necrosis appears, usually accompanied by oligo-anuria [339].

Hg could be released into the environment via natural phenomena (such as volcanic activity and weathering of rocks), human
activities (coal-fired power plants, mining processes, metal refineries, electronic waste recycling factories, and municipal solid waste
incinerators) [340]. The provisional tolerable weekly intake (PTWI) for Hg is 4 pg/kg body weight per week set by JECFA [341].

Hg ingesting via the gastrointestinal tract and carrying to all tissues takes about 30 h while inhaling Hg vapor last for less than 24 h
[342]. Hg prefers to accumulate in the liver, kidney, brain, spleen, lymph nodes, skeleton, and muscles, exerting neurotoxic, muta-
genic, teratogenic, and endocrine disrupting impact [343].

Hg exposure has been associated with female reproductive problems, such as polycystic ovary syndrome, dysmenorrhea, ame-
norrhoea, early menopause, endometriosis, benign breast disorders, galactorrhoea, and infertility [344].

The mechanisms of Hg toxicity in males are not completely clear, but a strong association between Hg and reproductive disorders
has been proved via preclinical studies [345]. Hg can interfere in spermatogenesis and affects epididymis [346].

Hg could play a role in the pathogenesis of thyroid cancers, autoimmune thyroiditis, and hypothyroidism, but its prevalence [347].
Thyroid dysfunction seems associated with preventing the five deiodinases, with diminished free T3 and increased reverse T3 [348].

Alteration of hepatic structure and function could be emerged after Hg accumulation in the liver [349], followed by elevated serum
ALT, bilirubin and ornithine carbamoyltransferase levels, hepatomegaly, centrilobular hepatic steatosis, detracting hepatic coagula-
tion factors synthesis [350], metabolic enzymes disturbance, hepatic mitochondrial dysfunction, lipid peroxidation products unbal-
ance, and proliferation of the endoplasmic reticulum [351].

8.3. Cadmium (Cd)

Cadmium (Cd) belongs to group XII of the periodic table of chemical elements [352]. Thus it is physically and chemically similar to
mercury and zinc. ATSDR has announced Cd as the seventh most toxic heavy metal [319], and the IARC has put Cd and its compounds
in Group 1 (carcinogenic to humans) [13]. Cd can be released to the environment through natural activities, such as volcanic activity
(both on land and in the deep sea), river transport, erosion, and weathering [14], or human activities, such as cigarette smoke, waste
burning, metal ore combustion, fossil fuels [353]. Contaminated food (fish, shellfish, organ meats, grains, root vegetables, and green
vegetables) and water (old Zn/Cd sealed water pipes or industrial pollution) are the significant dietary exposure to Cd for non-smokers
and those with no occupational exposure [354-356].

The value of PTWI has been defined for Cd as 0.007 mg/kg bw, recommended by JECFA. The WHO and EPA have assigned the
acceptable limit of 0.003 and 0.005 mg L™! for Cd in drinking water, respectively [312].

Cd exposure has been commonly connected with various illnesses, including chronic kidney disease, diabetes, hypertension, and
cancer of various organs [357].

Acute and chronic cadmium toxicity impacts the liver and kidney as the primary target organs [358]. Cadmium is highly toxic to
the kidney and accumulates in the proximal tubular cells in higher concentrations. Thus, cadmium exposure can cause renal
dysfunction and kidney disease. Also, cadmium exposure can cause hypercalciuria, calcium metabolism disturbances, and renal stone
formation [306]. The biological half-life of cadmium is 3-4 months in blood and 7-26 years in the kidney. It is noteworthy that Cd
accumulates within human tissues because of its low rate of excretion from the body [359].

Cd toxicity is severely reflected in reproductive organs (testes and ovaries in adults) and developing embryos, which are very
susceptible to Cd-induced toxicity [360].

Although the mechanisms by which Cd causes infertility are not fully understood, in several animal species, Cd accumulation has
been observed in male reproductive organs, which leads to male reproductive problems [361], such as atypical morphology of testes
and spermatozoa, decrement of sperm output and viability, and even complete infertility [362].

In females, Cd toxicity can occur as declined steroidogenesis, hindering the function of the ovary and development of oocytes,
ovarian hemorrhage, and necrosis, resulting in an increased rate of spontaneous abortion, decreased rate of live births, and prolonged
time of pregnancy [353].

Due to its complex histological structure and functions, the thyroid gland is often the target of most EDCs, including Cd [363,364].
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Mitochondria are supposed to be the main intracellular targets for Cd. The adverse effects of chronic toxicity include colloid cystic
goiter, parafollicular cell diffuse and nodular hyperplasia and hypertrophy, adenomatoid follicular hyperplasia with low-grade
dysplasia, and thyroglobulin hypo- and secretion [363].

Cd causes brain damage. Subjective symptoms of occupational exposure to Cd are supposed to be predicted and prevalent, such as
sleep disturbances, Insomnia, fatigue, headache, and anorexia, as well as motor and sensory malfunctions [365].

The liver is the primary organ susceptible to damage on being exposed to Cd**. The occurrence of an inflammatory state and direct
action on liver cells has been considered a mode of action for Cd>*-induced hepatotoxicity [366]. Histopathological findings indicate
that Acute Cd exposure may lead to liver-related mortality, mainly due to severe fibroplasias, hepatic necroinflammation, elevated
levels of serum hepatic enzymes alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP),
non-alcoholic steatohepatitis (NASH), and non-alcoholic fatty liver disease (NAFLD) [350], hyperplasia, apoptosis, enlarged liver
sinus, and hilum, as well as neutrophil infiltration and chemotaxis to the lesion [367]. Cd does not act as a redox reactive metal;
induction of oxidative stress mediates its toxicity. The primary modes of action in Cd-induced hepatotoxicity are (1) oxidative stress by
direct merging with sulfhydryl groups on proteins and glutathione; and (2) a subsequent inflammatory injury [368].

8.4. Lead (Pb)

Lead (Pb), a low melting point, highly malleable metal, has been applied to many diverse uses from ancient to the present [369].
Pb-containing sources include food cans, water pipes, contaminated drinking water, cosmetics, batteries, paint, traditional remedies,
gasoline, Pb-crystal, Pb-glazed ceramics, cigarette smoke, jewelry, children’s toys, vinyl lunch boxes, and even contaminated candy
[370]. Pb toxicity is a great public health concern, specifically in children, owing to more hand-to-mouth activity and high potential to
absorb an elevated amount of water-soluble Pb [371].

Primary routes for Pb absorption comprise ingestion, inhalation, percutaneous, and transdermal [372]. Common symptoms of
acute exposure could appear as fatigue, headache, abdominal pain, loss of appetite, hallucinations, hypertension, sleep disorders,
arthritis, vertigo, and renal dysfunction [306]. When the Pb levels in the blood reach about 40-60 pg/dL, chronic toxicity is char-
acterized by lethargy, persistent vomiting, encephalopathy, convulsions, delirium, and coma [373]. Pb-induced oxidative stress
through the generation of ROS has been identified as a primary contributory factor in the pathogenesis of adverse health effects [374].

Pb exposure affects pregnancy in females mainly by attenuating fertility potential, menstruation disorders, miscarriage, pregnancy
hypertension, postponed conception time, impairing hormonal production and circulation, preeclampsia, preterm birth, and early
membrane rupture [375]. Revealed impacts of Pb in men incorporate decreased charisma, consequences for spermatogenesis
(diminished motility and numbers, expanded irregular morphology), chromosomal harm, barrenness, anomalous prostatic capacity,
and changes in serum testosterone [376].

For a decade, Pb’s impact on thyroid activity has been known. Some investigators suggested that Pb negatively influences both
peripheral thyroid hormone and TSH concentrations [377], as well as Selenium metabolism, a critical element for the synthesis of
thyroid hormones [378].

Environmental exposure to low levels of Pb is associated with chronic renal insufficiency [379]. Acute Pb toxicity causes
impairment of the proximal tubular architecture and histological changes, such as eosinophilic intranuclear inclusions in tubular cells
consisting of Pb-protein complexes and mitochondrial swelling [338]. Long-term exposure to Pb may cause consequent glomerulo-
sclerosis, vasoconstriction, increased urate secretion, interstitial fibrosis, hypertension [380], alterations in the hepatocytes, sinusoids,
and the portal triads. The changes in the hepatocytes were mainly necrosis, cytoplasmic swelling, anisokaryosis, binucleation, nuclear
vesiculation, glycogen reduction, and hydropic degeneration [381].

Invitro models have revealed the action mechanisms for acute Pb poisoning, involving a decrease in hepatic CYP450 content [382],
impairs the integrity of the heme biosynthetic pathway [383], lipid peroxidation, ROS generation, apoptosis, and oxidative DNA
damage [350]. The values of Pb half-life were determined as 20-30 years in bones, 40 days in soft tissue, and 35 days in the blood
[384]. The JECFA has established a PTWI for Pb as 0.025 mg/kg body weight [385] and also recommended a dose of 10 pg/L and 0.5
pg/m® for Pb in drinking water and air, respectively, in order to identify the magnitude of effects originated from Pb exposure. A value
of 50 pg/L in blood has been considered a threshold dose for the adverse effects on intelligence quotient [337,386].

9. Conclusions

Based on the conclusion of previous assessments and relevant literature, it is becoming challenging to ignore the existence of
health-influencing chemical pollutants in the food chain. The past forty years have seen a significant increase in various endocrine-
associated diseases with consequences to different hormonal functions, including endocrine cancers (mainly prostate, ovarian, and
breast), infertility, premature puberty, attention deficit hyperactivity disorder, obesity, and diabetes. Considering the increasingly
rapid advances in production and consumption of products containing EDCs and enhanced exposure to these compounds, which
interfere with the normal function of the endocrine system, a considerable investigation has grown around the detrimental role of EDCs
on public health. Newborns and children are the most susceptible individuals to the damaging endocrine impact of EDCs, particularly
developmental disorders and abnormal physiology. To decline the exposures to EDCs, urgent preventive strategies are required. A
better understanding of the vital link between EDCs and health problems will help reduce the formation and release of the EDCs, which
would be achieved by minimization of these chemicals as contaminants in products, the use of less hazardous substances, lessening the
generation of medical and municipal waste, implementation of low-waste technology, the promotion of the recovery and recycling of
waste generated, regular monitoring of EDCs amounts in foodstuff and environment, training courses in hospitals and schools to
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improve general understanding of EDCs and the consequences of exposure to such pollutants, especially in early life. On the other
hand, other control measures beyond individual capacity should be developed and implemented by national and local regulations.

10. Limitations

Challenges in determining the carcinogenicity of certain compounds: The assessment of carcinogenicity for specific compounds
presents inherent challenges. Long-term exposure assessments and extensive epidemiological evidence are necessary to establish a
credible association between compound exposure and cancer development. Further research is needed to comprehensively investigate
the complex nature of these compounds and establish their potential carcinogenicity.

Limited human studies on the toxicity effects of endocrine-disrupting compounds: The scarcity of prospective or retrospective
studies conducted on human populations regarding the toxic effects of endocrine-disrupting compounds represents a notable limi-
tation. A comprehensive understanding of the impact of these compounds on human health necessitates well-designed human studies
that encompass exposure levels, health outcomes, and potential confounding factors. More research is required to address this
knowledge gap and enhance our understanding of the effects of endocrine-disrupting compounds on human populations.

Insufficient studies on exposure level to endocrine-disrupting compounds through food, particularly across different countries: The
dearth of research investigating the daily exposure to endocrine-disrupting compounds through food, especially in diverse
geographical regions, constitutes a significant limitation. Accurately determining the specific levels and patterns of exposure to these
compounds through food is critical for evaluating the potential health risks they pose to various populations. Additionally, disparities
in food safety laws and regulations between regions can exert a substantial influence on exposure levels and the prevalence of
endocrine-disrupting compounds in food. These disparities may arise from variations in pesticide usage, agricultural practices, food
processing methods, and regulatory frameworks. Therefore, it is imperative to consider the regional context and specific food safety
regulations when assessing the exposure and potential health effects of endocrine-disrupting compounds.
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Abbreviations

AHR Aryl hydrocarbon receptor
APOE apolipoprotein E

ARs Androgen receptors

ATSDR  Agency for Toxic Substances and Disease Registry
BAFs bioaccumulation factors

BCFs bioconcentration factors

DBP Di-n-butyl phthalate

DEP Diethyl phthalate

DEHP Di-(2-ethylhexyl) phthalate

DINP Di-isononyl phthalate

DIDP Di-isodecyl phthalate

DL-PCBs dioxin-like PCBs

DMSA  dimercaptosuccinic acid

EC European Commission

EDCs endocrine-disrupting chemicals

EFSA European Food Safety Authority

ERRy Estrogen-related receptor gamma

ERs Estrogen receptors

FSH follicle-stimulating hormone

GPR30 G protein-coupled receptor

HMW  high-molecular-weight

IARC International Agency for Research on Cancer
JECFA  Joint FAO/WHO Expert Committee on Food Additives
LDH lactate dehydrogenase

LMW low-molecular-weight
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MCL
MDA

maximum contaminant levels
malondialdehyde

NOAEL No Observed Adverse Effects Limit

OCPs

Organochlorine pesticides

OSHA  Occupational Safety and Health Agency

PAE

phthalic acid esters

PBDEs  Polybrominated Diphenyl Ethers

PCBs

Polychlorinated biphenyl

PCDDs  polychlorinated dibenzodioxins

PRs
PTMI

Progesterone receptors
provisional tolerable monthly intake

REACH Registration, Evaluation, Authorization and Restriction of Chemicals

SCF
TDI
TEF
TEQ
TWI
TSH

EU Scientific Committee on Food
tolerable daily intake

Toxic Equivalency Factor

Toxic Equivalency Quantity
tolerable weekly intake
thyroid-stimulating hormone

US FDA Food and Drug Administration of the United States
US EPA The United States Environmental Protection Agency

WHO

World Health Organization

References

[11
[2]
[3]

[4]
[5]

(6]
[71
[81
[91
[10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

B. Yilmaz, et al., Endocrine disrupting chemicals: exposure, effects on human health, mechanism of action, models for testing and strategies for prevention,
Rev. Endocr. Metab. Disord. 21 (1) (2020) 127-147, https://doi.org/10.1007/s11154-019-09521-z.

H. Onyeaka, et al., A review of the top 100 most cited papers on food safety, Qual. Assur. Saf. Crops Foods 14 (4) (2022) 91-104, https://doi.org/10.15586/
qas.v14i4.1124.

A. Talema, Causes, negative effects, and preventive methods of water pollution in Ethiopia, Qual. Assur. Saf. Crops Foods 15 (2) (2023) 129-139, https://doi.
org/10.15586/qas.v15i2.1271.

K. Nowak, et al., Parabens and their effects on the endocrine system, Mol. Cell. Endocrinol. 474 (2018) 238-251, https://doi.org/10.1016/j.mce.2018.03.014.
W.H. Hudson, C. Youn, E.A. Ortlund, Crystal structure of the mineralocorticoid receptor DNA binding domain in complex with DNA, PLoS One 9 (9) (2014),
€107000, https://doi.org/10.1371/journal.pone.0107000.

WHO, Global Assessment of the State-of-the-science of Endocrine Disruptors. Geneva, 2002.

R. Lauretta, et al., Endocrine disrupting chemicals: effects on endocrine glands, Front. Endocrinol. 10 (2019) 178, https://doi.org/10.3389/fendo.2019.00178.
P. Zuccarello, et al., Implication of dietary phthalates in breast cancer. A systematic review, Food Chem. Toxicol. 118 (2018) 667-674, https://doi.org/
10.1016/j.fct.2018.06.011.

M. Ferrante, A. Cristaldi, G. Oliveri Conti, Oncogenic role of miRNA in environmental exposure to plasticizers: a systematic review, J. Personalized Med. 11 (6)
(2021) 500, https://doi.org/10.3390/jpm11060500.

P. Balaguer, et al., Structural and functional evidences for the interactions between nuclear hormone receptors and endocrine disruptors at low doses, Comptes
Rendus Biol. 340 (9-10) (2017) 414-420, https://doi.org/10.1016/j.crvi.2017.08.002.

C. Monneret, What is an endocrine disruptor? Comptes Rendus Biol. 340 (9-10) (2017) 403-405, https://doi.org/10.1016/j.crvi.2017.07.004.

S. Almeida, et al., Bisphenol A: food exposure and impact on human health, Compr. Rev. Food Sci. Food Saf. 17 (6) (2018) 1503-1517, https://doi.org/
10.1111/1541-4337.12388.

IARC, IARC Monographs on the Identification of Carcinogenic Hazards to Humans, 2021. https://monographs.iarc.who.int/agents-classified-by-the-iarc/.
Organization, W.H., Exposure to cadmium: a major public health concern, in: Preventing Disease through Healthy Environments, 2010, pp. 3-6.

M. Giulivo, et al., Human exposure to endocrine disrupting compounds: their role in reproductive systems, metabolic syndrome and breast cancer. A review,
Environ. Res. 151 (2016) 251-264, https://doi.org/10.1016/j.envres.2016.07.011.

Y.-X. Wang, et al., Thyroid function, phthalate exposure and semen quality: exploring associations and mediation effects in reproductive-aged men, Environ.
Int. 116 (2018) 278-285, https://doi.org/10.1016/j.envint.2018.04.031.

L. Gioiosa, et al., Developmental exposure to low-dose estrogenic endocrine disruptors alters sex differences in exploration and emotional responses in mice,
Horm. Behav. 52 (3) (2007) 307-316, https://doi.org/10.1016/j.yhbeh.2007.05.006.

L.A. Sheikh, Endocrine-disrupting potential of polybrominated diphenyl ethers (PBDEs) on androgen receptor signaling: a structural insight, Struct. Chem.
(2020) 1-11, https://doi.org/10.1007/s11224-020-01664-z.

D.E. Bronowicka-Klys, M. Lianeri, P.P. Jagodzinski, The role and impact of estrogens and xenoestrogen on the development of cervical cancer, Biomed.
Pharmacother. 84 (2016) 1945-1953, https://doi.org/10.1016/j.biopha.2016.11.007.

Y. Combarnous, Endocrine Disruptor Compounds (EDCs) and agriculture: the case of pesticides, Comptes Rendus Biol. 340 (9-10) (2017) 406-409, https://
doi.org/10.1016/j.crvi.2017.07.009.

S. Soriano, et al., Rapid insulinotropic action of low doses of bisphenol-A on mouse and human islets of Langerhans: role of estrogen receptor p, PLoS One 7 (2)
(2012), 31109 https://doi.org/10.1371/journal.pone.0031109.

C.L. Walker, Minireview: epigenomic plasticity and vulnerability to EDC exposures, Mol. Endocrinol. 30 (8) (2016) 848-855, https://doi.org/10.1210/
me.2016-1086.

A. Pinson, et al., Neuroendocrine disruption without direct endocrine mode of action: polychloro-biphenyls (PCBs) and bisphenol A (BPA) as case studies,
Comptes Rendus Biol. 340 (9-10) (2017) 432-438, https://doi.org/10.1016/j.crvi.2017.07.006.

T.M. Attina, et al., Exposure to endocrine-disrupting chemicals in the USA: a population-based disease burden and cost analysis, Lancet Diabetes Endocrinol. 4
(12) (2016) 996-1003, https://doi.org/10.1016/52213-8587(16)30275-3.

R. Barouki, et al., Developmental origins of non-communicable disease: implications for research and public health, Environ. Health 11 (1) (2012) 1-9,
https://doi.org/10.1186/1476-069X-11-42.

27


https://doi.org/10.1007/s11154-019-09521-z
https://doi.org/10.15586/qas.v14i4.1124
https://doi.org/10.15586/qas.v14i4.1124
https://doi.org/10.15586/qas.v15i2.1271
https://doi.org/10.15586/qas.v15i2.1271
https://doi.org/10.1016/j.mce.2018.03.014
https://doi.org/10.1371/journal.pone.0107000
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref6
https://doi.org/10.3389/fendo.2019.00178
https://doi.org/10.1016/j.fct.2018.06.011
https://doi.org/10.1016/j.fct.2018.06.011
https://doi.org/10.3390/jpm11060500
https://doi.org/10.1016/j.crvi.2017.08.002
https://doi.org/10.1016/j.crvi.2017.07.004
https://doi.org/10.1111/1541-4337.12388
https://doi.org/10.1111/1541-4337.12388
https://monographs.iarc.who.int/agents-classified-by-the-iarc/
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref26
https://doi.org/10.1016/j.envres.2016.07.011
https://doi.org/10.1016/j.envint.2018.04.031
https://doi.org/10.1016/j.yhbeh.2007.05.006
https://doi.org/10.1007/s11224-020-01664-z
https://doi.org/10.1016/j.biopha.2016.11.007
https://doi.org/10.1016/j.crvi.2017.07.009
https://doi.org/10.1016/j.crvi.2017.07.009
https://doi.org/10.1371/journal.pone.0031109
https://doi.org/10.1210/me.2016-1086
https://doi.org/10.1210/me.2016-1086
https://doi.org/10.1016/j.crvi.2017.07.006
https://doi.org/10.1016/S2213-8587(16)30275-3
https://doi.org/10.1186/1476-069X-11-42

L. Peivasteh-roudsari et al. Heliyon 9 (2023) 18140

[26]
[27]
[28]
[29]

[30]
[31]

[32]
[33]
[34]
[35]
[36]

[37]

[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]

[53]
[54]

[55]
[56]
[57]
[58]
[59]
[601
[61]
[62]
[63]
[64]
[65]
[66]

[67]

R. Barouki, Endocrine disruptors: revisiting concepts and dogma in toxicology, Comptes Rendus Biol. 340 (9-10) (2017) 410-413, https://doi.org/10.1016/j.
crvi.2017.07.005.

A. Schecter, et al., Dioxins: an overview, Environ. Res. 101 (3) (2006) 419-428, https://doi.org/10.1016/j.envres.2005.12.003.

N. Marinkovi¢, et al., Dioxins and human toxicity, Arh. Hig. Rada. Toksikol. 61 (4) (2010) 445-453, https://doi.org/10.2478/10004-1254-61-2010-2024.
H.D. Manh, et al., The relationship between dioxins and salivary steroid hormones in Vietnamese primiparae, Environ. Health Prev. Med. 18 (3) (2013)
221-229, https://doi.org/10.1007/512199-012-0310-x.

National Institute of Environmental Health Sciences. https://www.niehs.nih.gov/health/topics/agents/dioxins/.

G. Charnley, J. Doull, Human exposure to dioxins from food, 1999-2002, Food Chem. Toxicol. 43 (5) (2005) 671-679, https://doi.org/10.1016/j.
fct.2005.01.006.

EFSA, Risk for animal and human health related to the presence of dioxins and dioxin-like PCBs in feed and food, EFSA J. (2019), https://doi.org/10.2903/j.
efsa.2018.5333.

P.S. Kulkarni, J.G. Crespo, C.A. Afonso, Dioxins sources and current remediation technologies—a review, Environ. Int. 34 (1) (2008) 139-153, https://doi.org/
10.1016/j.envint.2007.07.009.

T.H. Ngo, et al., Sources identification of PCDD/Fs in soil and atmospheric deposition in Taiwan, Chemosphere 208 (2018) 374-381, https://doi.org/10.1016/
j.chemosphere.2018.05.195.

M. Furue, et al., Aryl hydrocarbon receptor and dioxin-related health hazards—lessons from Yusho, Int. J. Mol. Sci. 22 (2) (2021) 708, https://doi.org/
10.3390/ijms22020708.

X. Ke, et al., Concentrations, sources, and TEQ of PCDD/Fs in sediments from the liaohe river protected areas, Arch. Environ. Contam. Toxicol. 76 (2) (2019)
171-177, https://doi.org/10.1007/s00244-018-0567-1.

T. Nakatani, A. Yamamoto, S. Ogaki, A survey of dietary intake of polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, and dioxin-like coplanar
polychlorinated biphenyls from food during 2000-2002 in Osaka City, Japan, Arch. Environ. Contam. Toxicol. 60 (3) (2011) 543-555, https://doi.org/
10.1007/500244-010-9553-y.

N. Gonzélez, et al., Levels of PCDD/Fs in foodstuffs in Tarragona County (Catalonia, Spain): spectacular decrease in the dietary intake of PCDD/Fs in the last 20
years, Food Chem. Toxicol. 121 (2018) 109-114, https://doi.org/10.1016/].fct.2018.08.035.

H. Xiao-Mei, et al., Analysis of hydrochemical characteristics and genesis of water-deficient rivers in China: a case study of the Ciyao River Basin in Shanxi
Province, Qual. Assur. Saf. Crops Foods 15 (1) (2023) 32-43, https://doi.org/10.15586/qas.v15i1.1213.

H. Xiao-Mei, et al., Impact of watershed habitat quality based on land use: a case study of taking Ciyao River Basin, Qual. Assur. Saf. Crops Foods 15 (1) (2023)
18-31, https://doi.org/10.15586/qas.v15i1.1212.

B. Giizel, et al., Assessment of PCDD/F and dioxin-like PCB levels in environmental and food samples in the vicinity of IZAYDAS waste incinerator plant (WIP):
from past to present, Environ. Sci. Pollut. Control Ser. (2020) 1-13, https://doi.org/10.1007/511356-020-07995-y.

M. Schiavon, M. Ragazzi, E. Rada, A proposal for a diet-based local PCDD/F deposition limit, Chemosphere 93 (8) (2013) 1639-1645, https://doi.org/
10.1016/j.chemosphere.2013.08.041.

M. Pajurek, et al., Poultry eggs as a source of PCDD/Fs, PCBs, PBDEs and PBDD/Fs, Chemosphere 223 (2019) 651-658, https://doi.org/10.1016/j.
chemosphere.2019.02.023.

D.C. Volz, et al., 2, 3, 7, 8-Tetrachlorodibenzo-p-dioxin (TCDD) induces organ-specific differential gene expression in male Japanese medaka (Oryzias latipes),
Toxicol. Sci. 85 (1) (2005) 572-584, https://doi.org/10.1093/toxsci/kfil09.

N.S. Fracchiolla, et al., 2, 3, 7, 8-Tetrachlorodibenzo-p-dioxin (TCDD) role in hematopoiesis and in hematologic diseases: a critical review, Toxicology 374
(2016) 60-68, https://doi.org/10.1016/].tox.2016.10.007.

B. Eskenazi, et al., The Seveso accident: a look at 40 years of health research and beyond, Environ. Int. 121 (2018) 71-84, https://doi.org/10.1016/j.
envint.2018.08.051.

A. Brulport, L. Le Corre, M.-C. Chagnon, Chronic exposure of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) induces an obesogenic effect in C57BL/6J mice fed
a high fat diet, Toxicology 390 (2017) 43-52, https://doi.org/10.1016/j.tox.2017.07.017.

T.C.d.L. e Silva, et al., Maternal resveratrol treatment reduces the risk of mammary carcinogenesis in female offspring prenatally exposure to 2, 3, 7, 8-
tetrachlorodibenzo-p-dioxin, Hormones Cancer 8 (5) (2017) 286-297, https://doi.org/10.1007/s12672-017-0304-7.

V.V. Padma, P.K. Selvi, S. Sravani, Protective effect of ellagic acid against TCDD-induced renal oxidative stress: modulation of CYP1A1 activity and antioxidant
defense mechanisms, Mol. Biol. Rep. 41 (7) (2014) 4223-4232, https://doi.org/10.1007/s11033-014-3292-5.

R. Melekoglu, et al., The beneficial effects of Montelukast against 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin toxicity in female reproductive system in rats, Acta Cir.
Bras. 31 (8) (2016) 557-563, https://doi.org/10.1590,/50102-865020160080000009.

M.E. Erdemli, et al., Thymoquinone protection against 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin induced nephrotoxicity in rats, Biotech. Histochem. 95 (8) (2020)
567-574, https://doi.org/10.1080/10520295.2020.1735520.

K. Augustowska, et al., Is the natural PCDD/PCDF mixture toxic for human placental JEG-3 cell line? The action of the toxicants on hormonal profile, CYP1A1
activity, DNA damage and cell apoptosis, Hum. Exp. Toxicol. 26 (5) (2007) 407-417, https://doi.org/10.1177/0960327107073119.

R. Ahmed, Gestational dioxin acts as developing neuroendocrine-disruptor, EC Pharmacology and Toxicology 6 (3) (2018) 96-100.

Y. Hattori, et al., Dioxin-induced fetal growth retardation: the role of a preceding attenuation in the circulating level of glucocorticoid, Endocrine 47 (2) (2014)
572-580, https://doi.org/10.1007/s12020-014-0257-3.

B. Patrizi, M. Siciliani de Cumis, TCDD toxicity mediated by epigenetic mechanisms, Int. J. Mol. Sci. 19 (12) (2018) 4101, https://doi.org/10.3390/
ijms19124101.

F.R. van Leeuwen, et al., Dioxins: WHO’s tolerable daily intake (TDI) revisited, Chemosphere 40 (9-11) (2000) 1095-1101, https://doi.org/10.1016/50045-
6535(99)00358-6.

A.R. Fernandes, J. Falandysz, Polybrominated dibenzo-p-dioxins and furans (PBDD/Fs): contamination in food, humans and dietary exposure, Sci. Total
Environ. (2020) 143191, https://doi.org/10.1016/].scitotenv.2020.143191.

B. Du, et al., Occurrence and characteristics of polybrominated dibenzo-p-dioxins and dibenzofurans in stack gas emissions from industrial thermal processes,
Chemosphere 80 (10) (2010) 1227-1233, https://doi.org/10.1016/j.chemosphere.2010.05.044.

F. Bjurlid, et al., Temporal trends of PBDD/Fs, PCDD/Fs, PBDEs and PCBs in ringed seals from the Baltic Sea (Pusa hispida botnica) between 1974 and 2015,
Sci. Total Environ. 616 (2018) 1374-1383, https://doi.org/10.1016/j.scitotenv.2017.10.178.

X. Shen, et al., Characterizing the emissions of polybrominated dibenzo-p-dioxins and dibenzofurans (PBDD/Fs) from electric arc furnaces during steel-making,
Ecotoxicol. Environ. Saf. 208 (2020) 111722, https://doi.org/10.1016/j.ecoenv.2020.111722.

G. Diletti, et al., Polybrominated dibenzo-p-dioxins and furans (PBDD/Fs) in Italian food: occurrence and dietary exposure, Sci. Total Environ. 741 (2020)
139916, https://doi.org/10.1016/j.scitotenv.2020.139916.

S. Li, et al., Atmospheric emission of polybrominated dibenzo-p-dioxins and dibenzofurans from converter steelmaking processes, Aerosol Air Qual. Res. 15 (3)
(2015) 1118-1124, https://doi.org/10.4209/aaqr.2014.10.0264.

Y. Lin, et al., Exposure and health risk assessment of secondary contaminants closely related to brominated flame retardants (BFRs): polybrominated dibenzo-
p-dioxins and dibenzofurans (PBDD/Fs) in human milk in shanghai, Environ. Pollut. 268 (2020) 115121, https://doi.org/10.1016/j.envpol.2020.115121.
S. Fernandes, et al., Investigation of the Occurrence of Brominated Contaminants in Selected Foods, Food and Environment Research Agency (FERA), 2009.
A. RG, Do PCBs modify the thyroid-adipokine Axis during development? Ann. Thyroid Res. 1 (1) (2014).

Santiago-Pagan, L. and L. Rodenburg, Identification of Polychlorinated Biphenyl (PCB) Source in Sediment Data from the Spokane River, Department of
Environmental Science, Rutgers, The State University of New Jersey, Piscataway, NJ 08854 USA.

R. Weber, et al., Life cycle of PCBs and contamination of the environment and of food products from animal origin, Environ. Sci. Pollut. Control Ser. 25 (17)
(2018) 16325-16343, https://doi.org/10.1007/s11356-018-1811-y.

28


https://doi.org/10.1016/j.crvi.2017.07.005
https://doi.org/10.1016/j.crvi.2017.07.005
https://doi.org/10.1016/j.envres.2005.12.003
https://doi.org/10.2478/10004-1254-61-2010-2024
https://doi.org/10.1007/s12199-012-0310-x
https://www.niehs.nih.gov/health/topics/agents/dioxins/
https://doi.org/10.1016/j.fct.2005.01.006
https://doi.org/10.1016/j.fct.2005.01.006
https://doi.org/10.2903/j.efsa.2018.5333
https://doi.org/10.2903/j.efsa.2018.5333
https://doi.org/10.1016/j.envint.2007.07.009
https://doi.org/10.1016/j.envint.2007.07.009
https://doi.org/10.1016/j.chemosphere.2018.05.195
https://doi.org/10.1016/j.chemosphere.2018.05.195
https://doi.org/10.3390/ijms22020708
https://doi.org/10.3390/ijms22020708
https://doi.org/10.1007/s00244-018-0567-1
https://doi.org/10.1007/s00244-010-9553-y
https://doi.org/10.1007/s00244-010-9553-y
https://doi.org/10.1016/j.fct.2018.08.035
https://doi.org/10.15586/qas.v15i1.1213
https://doi.org/10.15586/qas.v15i1.1212
https://doi.org/10.1007/s11356-020-07995-y
https://doi.org/10.1016/j.chemosphere.2013.08.041
https://doi.org/10.1016/j.chemosphere.2013.08.041
https://doi.org/10.1016/j.chemosphere.2019.02.023
https://doi.org/10.1016/j.chemosphere.2019.02.023
https://doi.org/10.1093/toxsci/kfi109
https://doi.org/10.1016/j.tox.2016.10.007
https://doi.org/10.1016/j.envint.2018.08.051
https://doi.org/10.1016/j.envint.2018.08.051
https://doi.org/10.1016/j.tox.2017.07.017
https://doi.org/10.1007/s12672-017-0304-7
https://doi.org/10.1007/s11033-014-3292-5
https://doi.org/10.1590/S0102-865020160080000009
https://doi.org/10.1080/10520295.2020.1735520
https://doi.org/10.1177/0960327107073119
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref53
https://doi.org/10.1007/s12020-014-0257-3
https://doi.org/10.3390/ijms19124101
https://doi.org/10.3390/ijms19124101
https://doi.org/10.1016/S0045-6535(99)00358-6
https://doi.org/10.1016/S0045-6535(99)00358-6
https://doi.org/10.1016/j.scitotenv.2020.143191
https://doi.org/10.1016/j.chemosphere.2010.05.044
https://doi.org/10.1016/j.scitotenv.2017.10.178
https://doi.org/10.1016/j.ecoenv.2020.111722
https://doi.org/10.1016/j.scitotenv.2020.139916
https://doi.org/10.4209/aaqr.2014.10.0264
https://doi.org/10.1016/j.envpol.2020.115121
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref64
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref65
https://doi.org/10.1007/s11356-018-1811-y

L. Peivasteh-roudsari et al. Heliyon 9 (2023) 18140

[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]
[92]

[93]

[94]
[95]
[96]
[97]
[98]
[99]
[100]
[101]

[102]

[103]
[104]

[105]
[106]

[107]

H.Q. Anbh, et al., Unintentionally produced polychlorinated biphenyls in pigments: an updated review on their formation, emission sources, contamination
status, and toxic effects, Sci. Total Environ. (2020) 142504, https://doi.org/10.1016/j.scitotenv.2020.142504.

E. Dirinck, et al., Obesity and persistent organic pollutants: possible obesogenic effect of organochlorine pesticides and polychlorinated biphenyls, Obesity 19
(4) (2011) 709-714, https://doi.org/10.1038/0by.2010.133.

A. Agudo, et al., Polychlorinated biphenyls in Spanish adults: determinants of serum concentrations, Environ. Res. 109 (5) (2009) 620-628, https://doi.org/
10.1016/j.envres.2009.03.009.

L. Martin, C.D. Klaassen, Differential effects of polychlorinated biphenyl congeners on serum thyroid hormone levels in rats, Toxicol. Sci. 117 (1) (2010)
3644, https://doi.org/10.1093/toxsci/kfq187.

C. Donat-Vargas, et al., Association between dietary intakes of PCBs and the risk of obesity: the SUN project, J. Epidemiol. Community Health 68 (9) (2014)
834-841, https://doi.org/10.1136/jech-2013-203752.

A.E. Fathabad, et al., Comparing dioxin-like polychlorinated biphenyls in most consumed fish species of the Caspian Sea, Environ. Res. 180 (2020) 108878,
https://doi.org/10.1016/j.envres.2019.108878.

C. Liao, K. Kannan, Concentrations and profiles of bisphenol A and other bisphenol analogues in foodstuffs from the United States and their implications for
human exposure, J. Agric. Food Chem. 61 (19) (2013) 4655-4662, https://doi.org/10.1021/jf400445n.

H. Serra, et al., Evidence for Bisphenol B endocrine properties: scientific and regulatory perspectives, Environ. Health Perspect. 127 (10) (2019) 106001,
https://doi.org/10.1289/EHP5200.

N.D. Mandel, et al., Challenges to regulate products containing bisphenol A: implications for policy, Salud Publica Mex. 61 (2020) 692-697, https://doi.org/
10.21149/10411.

T. Geens, et al., A review of dietary and non-dietary exposure to bisphenol-A, Food Chem. Toxicol. 50 (10) (2012) 3725-3740, https://doi.org/10.1016/].
fct.2012.07.059.

J.S. Siracusa, et al., Effects of bisphenol A and its analogs on reproductive health: a mini review, Reprod. Toxicol. 79 (2018) 96-123, https://doi.org/10.1016/
j.reprotox.2018.06.005.

R. Gerona, F.S. Vom Saal, P.A. Hunt, BPA: have flawed analytical techniques compromised risk assessments? Lancet Diabetes Endocrinol. 8 (1) (2020) 11-13,
https://doi.org/10.1016,/52213-8587(19)30381-X.

L.N. Vandenberg, et al., Addressing systemic problems with exposure assessments to protect the public’s health, Environ. Health 21 (1) (2023) 1-20, https://
doi.org/10.1186/5s12940-022-00917-0.

N. Andjar, et al., Bisphenol A analogues in food and their hormonal and obesogenic effects: a review, Nutrients 11 (9) (2019) 2136, https://doi.org/10.3390/
null092136.

J.L. Carwile, et al., Canned soup consumption and urinary bisphenol A: a randomized crossover trial, JAMA 306 (20) (2011) 2218-2220, https://doi.org/
10.1001/jama.2011.1721.

J. Liu, et al., Exposure and dietary sources of bisphenol A (BPA) and BPA-alternatives among mothers in the APrON cohort study, Environ. Int. 119 (2018)
319-326, https://doi.org/10.1016/j.envint.2018.07.001.

European Commission, EU legislation on specific materials. Commission Regulation (EU) No 10/2011 on plastic materials and articles. https://ec.europa.eu/
food/food/chemical-safety/food-contact-materials/legislation_en.

D. Sun, et al., Effect of Di-(2-ethylhexyl) phthalate on the hypothalamus-pituitary-thyroid axis in adolescent rat, Endocr. J. (2017) EJ17-272, https://doi.org/
10.1507/endocrj.EJ17-0272.

G.O. Conti, et al., Micro-and nano-plastics in edible fruit and vegetables. The first diet risks assessment for the general population, Environ. Res. 187 (2020)
109677.

M. Ferrante, et al., Microplastics in fillets of Mediterranean seafood. A risk assessment study, Environ. Res. 204 (2022) 112247, https://doi.org/10.1016/j.
envres.2021.112247.

S. Flint, et al., Bisphenol A exposure, effects, and policy: a wildlife perspective, J. Environ. Manag. 104 (2012) 19-34, https://doi.org/10.1016/j.
jenvman.2012.03.021.

Y. Ma, et al., The adverse health effects of bisphenol A and related toxicity mechanisms, Environ. Res. 176 (2019) 108575, https://doi.org/10.1016/j.
envres.2019.108575.

W. Volkel, et al., Metabolism and kinetics of bisphenol A in humans at low doses following oral administration, Chem. Res. Toxicol. 15 (10) (2002) 1281-1287,
https://doi.org/10.1021/tx025548t.

J. Corrales, et al., Global assessment of bisphenol A in the environment: review and analysis of its occurrence and bioaccumulation, Dose Response 13 (3)
(2015), 1559325815598308.

M. Chen, et al., Determination of bisphenol-A levels in human amniotic fluid samples by liquid chromatography coupled with mass spectrometry, J. Separ. Sci.
34 (14) (2011) 1648-1655, https://doi.org/10.1002/jssc.201100152.

J. Martin, et al., Analytical method for biomonitoring of endocrine-disrupting compounds (bisphenol A, parabens, perfluoroalkyl compounds and a brominated
flame retardant) in human hair by liquid chromatography-tandem mass spectrometry, Anal. Chim. Acta 945 (2016) 95-101, https://doi.org/10.1016/j.
aca.2016.10.004.

K. Mendonca, et al., Bisphenol A concentrations in maternal breast milk and infant urine, Int. Arch. Occup. Environ. Health 87 (1) (2014) 13-20, https://doi.
org/10.1007/5s00420-012-0834-9.

T. Geens, H. Neels, A. Covaci, Distribution of bisphenol-A, triclosan and n-nonylphenol in human adipose tissue, liver and brain, Chemosphere 87 (7) (2012)
796-802, https://doi.org/10.1016/j.chemosphere.2012.01.002.

A.A. Adeyi, B.A. Babalola, Bisphenol-A (BPA) in Foods commonly consumed in Southwest Nigeria and its human health risk, Sci. Rep. 9 (1) (2019) 1-13,
https://doi.org/10.1038/541598-019-53790-2.

F. vom Saal, L. Vandenberg, Update on the health effects of bisphenol A: overwhelming evidence of harm, Endocrinology 162 (bqaal71) (2021).

R.W. Tyl, Abbreviated Assessment of Bisphenol A Toxicology Literature, in: Seminars in Fetal and Neonatal Medicine, Elsevier, 2014.

J. Michatowicz, Bisphenol A-sources, toxicity and biotransformation, Environ. Toxicol. Pharmacol. 37 (2) (2014) 738-758, https://doi.org/10.1016/j.
etap.2014.02.003.

H. Okada, et al., Direct evidence revealing structural elements essential for the high binding ability of bisphenol A to human estrogen-related receptor-y,
Environ. Health Perspect. 116 (1) (2008) 32-38, https://doi.org/10.1289/ehp.10587.

G.G. Kuiper, et al., Interaction of estrogenic chemicals and phytoestrogens with estrogen receptor , Endocrinology 139 (10) (1998) 4252-4263, https://doi.
org/10.1210/endo.139.10.6216.

C. Teng, et al., Bisphenol A affects androgen receptor function via multiple mechanisms, Chem. Biol. Interact. 203 (3) (2013) 556-564, https://doi.org/
10.1016/j.cbi.2013.03.013.

M. Sonavane, Classical and non-classical estrogen receptor effects of bisphenol A, Issues Toxicol. (2022), https://doi.org/10.1039/9781839166495-00001.
Y. Cao, et al., Maternal exposure to bisphenol A induces fetal growth restriction via upregulating the expression of estrogen receptors, Chemosphere 287
(2022) 132244, https://doi.org/10.1016/j.chemosphere.2021.132244.

1. Cimmino, et al., Potential mechanisms of bisphenol A (BPA) contributing to human disease, Int. J. Mol. Sci. 21 (16) (2020) 5761, https://doi.org/10.3390/
ijms21165761.

1. Cimmino, et al., Low-dose Bisphenol-A regulates inflammatory cytokines through GPR30 in mammary adipose cells, J. Mol. Endocrinol. 63 (4) (2019)
273-283, https://doi.org/10.1530/JME-18-0265.

X. Huang, X. Cang, J. Liu, Molecular mechanism of Bisphenol A on androgen receptor antagonism, Toxicol. Vitro 61 (2019) 104621, https://doi.org/10.1016/
j.tiv.2019.104621.

29


https://doi.org/10.1016/j.scitotenv.2020.142504
https://doi.org/10.1038/oby.2010.133
https://doi.org/10.1016/j.envres.2009.03.009
https://doi.org/10.1016/j.envres.2009.03.009
https://doi.org/10.1093/toxsci/kfq187
https://doi.org/10.1136/jech-2013-203752
https://doi.org/10.1016/j.envres.2019.108878
https://doi.org/10.1021/jf400445n
https://doi.org/10.1289/EHP5200
https://doi.org/10.21149/10411
https://doi.org/10.21149/10411
https://doi.org/10.1016/j.fct.2012.07.059
https://doi.org/10.1016/j.fct.2012.07.059
https://doi.org/10.1016/j.reprotox.2018.06.005
https://doi.org/10.1016/j.reprotox.2018.06.005
https://doi.org/10.1016/S2213-8587(19)30381-X
https://doi.org/10.1186/s12940-022-00917-0
https://doi.org/10.1186/s12940-022-00917-0
https://doi.org/10.3390/nu11092136
https://doi.org/10.3390/nu11092136
https://doi.org/10.1001/jama.2011.1721
https://doi.org/10.1001/jama.2011.1721
https://doi.org/10.1016/j.envint.2018.07.001
https://ec.europa.eu/food/food/chemical-safety/food-contact-materials/legislation_en
https://ec.europa.eu/food/food/chemical-safety/food-contact-materials/legislation_en
https://doi.org/10.1507/endocrj.EJ17-0272
https://doi.org/10.1507/endocrj.EJ17-0272
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref86
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref86
https://doi.org/10.1016/j.envres.2021.112247
https://doi.org/10.1016/j.envres.2021.112247
https://doi.org/10.1016/j.jenvman.2012.03.021
https://doi.org/10.1016/j.jenvman.2012.03.021
https://doi.org/10.1016/j.envres.2019.108575
https://doi.org/10.1016/j.envres.2019.108575
https://doi.org/10.1021/tx025548t
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref91
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref91
https://doi.org/10.1002/jssc.201100152
https://doi.org/10.1016/j.aca.2016.10.004
https://doi.org/10.1016/j.aca.2016.10.004
https://doi.org/10.1007/s00420-012-0834-9
https://doi.org/10.1007/s00420-012-0834-9
https://doi.org/10.1016/j.chemosphere.2012.01.002
https://doi.org/10.1038/s41598-019-53790-2
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref97
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref98
https://doi.org/10.1016/j.etap.2014.02.003
https://doi.org/10.1016/j.etap.2014.02.003
https://doi.org/10.1289/ehp.10587
https://doi.org/10.1210/endo.139.10.6216
https://doi.org/10.1210/endo.139.10.6216
https://doi.org/10.1016/j.cbi.2013.03.013
https://doi.org/10.1016/j.cbi.2013.03.013
https://doi.org/10.1039/9781839166495-00001
https://doi.org/10.1016/j.chemosphere.2021.132244
https://doi.org/10.3390/ijms21165761
https://doi.org/10.3390/ijms21165761
https://doi.org/10.1530/JME-18-0265
https://doi.org/10.1016/j.tiv.2019.104621
https://doi.org/10.1016/j.tiv.2019.104621

L. Peivasteh-roudsari et al. Heliyon 9 (2023) 18140

[108]

[109]
[110]

[111]
[112]

[113]
[114]
[115]
[116]
[117]
[118]
[119]
[120]
[121]
[122]
[123]
[124]
[125]
[126]

[127]
[128]

[129]
[130]
[131]

[132]

[133]
[134]
[135]
[136]
[137]
[138]

[139]
[140]

[141]
[142]
[143]
[144]
[145]
[146]
[147]
[148]

[149]

M.A. Beg, L.A. Sheikh, Endocrine disruption: molecular interactions of environmental bisphenol contaminants with thyroid hormone receptor and thyroxine-
binding globulin, Toxicol. Ind. Health 36 (5) (2020) 322-335, https://doi.org/10.1177/0748233720928165.

M.J. Kim, Y.J. Park, Bisphenols and thyroid hormone, Endocrinol. Metabol. 34 (4) (2019) 340-348, https://doi.org/10.3803/EnM.2019.34.4.340.

J. Peretz, et al., Bisphenol A and reproductive health: update of experimental and human evidence, 2007-2013, Environ. Health Perspect. 122 (8) (2014)
775-786, https://doi.org/10.1289/ehp.1307728.

R. Machtinger, et al., Bisphenol-A and human oocyte maturation in vitro, Hum. Reprod. 28 (10) (2013) 2735-2745, https://doi.org/10.1093/humrep/det312.
W.-y. Tang, et al., Neonatal exposure to Estradiol/Bisphenol A alters promoter methylation and expression of Nsbpl and Hpcall genes and transcriptional
programs of Dnmt3a/b and Mbd2/4 in the RatProstate gland throughout life, Endocrinology 153 (1) (2012) 42-55, https://doi.org/10.1210/en.2011-1308.
K. Nakamura, et al., Prenatal and lactational exposure to low-doses of bisphenol A alters adult mice behavior, Brain Dev. 34 (1) (2012) 57-63, https://doi.org/
10.1016/j.braindev.2010.12.011.

P.Z. Najafi, et al., The protective effect of Zataria Multiflora on the embryotoxicity induced by bisphenol A in the brain of chicken embryos, Biointerf. Res.
Appl. Chem. 9 (5) (2019), https://doi.org/10.33263/BRIACI5.239242,

V. Mustieles, M.F. Fernandez, Bisphenol A shapes children’s brain and behavior: towards an integrated neurotoxicity assessment including human data,
Environ. Health 19 (1) (2020) 1-8, https://doi.org/10.1186/512940-020-00620-y.

F. Bono-Blay, et al., Survey of phthalates, alkylphenols, bisphenol A and herbicides in Spanish source waters intended for bottling, Environ. Sci. Pollut. Control
Ser. 19 (8) (2012) 3339-3349, https://doi.org/10.1007/511356-012-0851-y.

Z. Wu, et al., Exposure pathways, levels and toxicity of polybrominated diphenyl ethers in humans: a review, Environ. Res. (2020) 109531, https://doi.org/
10.1016/j.envres.2020.109531.

B.A. Boucher, et al., A global database of polybrominated diphenyl ether flame retardant congeners in foods and supplements, J. Food Compos. Anal. 69 (2018)
171-188, https://doi.org/10.1016/j.jfca.2017.12.001.

E.N. Liberda, et al., Dietary exposure of PBDEs resulting from a subsistence diet in three First Nation communities in the James Bay Region of Canada, Environ.
Int. 37 (3) (2011) 631-636, https://doi.org/10.1016/j.envint.2010.12.008.

B. Babalola, A. Adeyi, Levels, dietary intake and risk of polybrominated diphenyl ethers (PBDEs) in foods commonly consumed in Nigeria, Food Chem. 265
(2018) 78-84, https://doi.org/10.1016/j.foodchem.2018.05.073.

W. Pietron, et al., Exposure to PBDEs associated with farm animal meat consumption, Chemosphere 224 (2019) 58-64, https://doi.org/10.1016/j.
chemosphere.2019.02.067.

European Medicines Agency, Committee for Medicinal Products for Human Use (CHMP), in: Guideline on the Environmental Risk Assessment of Medicinal
Products for Human Use, EMEA,. London, 2006.

M. Fiore, et al., Role of emerging environmental risk factors in thyroid cancer: a brief review, Int. J. Environ. Res. Publ. Health 16 (7) (2019) 1185, https://doi.
org/10.3390/ijerph16071185.

A. Giuliani, et al., Critical review on the presence of phthalates in food and evidence of their biological impact, Int. J. Environ. Res. Publ. Health 17 (16) (2020)
5655, https://doi.org/10.3390/ijerph17165655.

K.M. Main, et al., Human breast milk contamination with phthalates and alterations of endogenous reproductive hormones in infants three months of age,
Environ. Health Perspect. 114 (2) (2006) 270-276, https://doi.org/10.1289/ehp.8075.

X.L. Cao, Phthalate esters in foods: sources, occurrence, and analytical methods, Compr. Rev. Food Sci. Food Saf. 9 (1) (2010) 21-43, https://doi.org/10.1111/
j-1541-4337.2009.00093.x.

R. Blank, V. Burau, E. Kuhlmann, Comparative Health Policy, Macmillan International Higher Education, 2017.

C.M. Plank, B.C. Trela, A review of plastics use in winemaking: HACCP considerations, Am. J. Enol. Vitic. 69 (4) (2018) 307-320, https://doi.org/10.5344/
ajev.2018.17041.

J.G. March, V. Cerda, An innovative arrangement for in-vial membrane-assisted liquid-liquid microextraction: application to the determination of esters of
phthalic acid in alcoholic beverages by gas chromatography-mass spectrometry, Anal. Bioanal. Chem. 407 (14) (2015) 4213-4217, https://doi.org/10.1007/
500216-015-8646-x.

J. Bosnir, et al., Migration of phthalates from plastic containers into soft drinks and mineral water, Food Technol. Biotechnol. 45 (1) (2007) 91-95.

J. Troisi, et al., A comparative assessment of metals and phthalates in commercial tea infusions: a starting point to evaluate their tolerance limits, Food Chem.
288 (2019) 193-200.

A. Fankhauser-Noti, K. Grob, Migration of plasticizers from PVC gaskets of lids for glass jars into oily foods: amount of gasket material in food contact,
proportion of plasticizer migrating into food and compliance testing by simulation, Trends Food Sci. Technol. 17 (3) (2006) 105-112, https://doi.org/
10.1016/j.tifs.2005.10.013.

M. Marega, et al., Phtalate contamination in olive oil production chain, in: Proceedings of the Workshop Contaminants of Edible Fats and Oils: Analytical,
Normative Issues and Prevention, Udine, Italy, 2009.

F. Lacoste, Undesirable substances in vegetable oils: anything to declare? OCL 21 (1) (2014) A103, https://doi.org/10.1051/0cl/2013060.

Q. Luo, et al., Global review of phthalates in edible oil: an emerging and nonnegligible exposure source to human, Sci. Total Environ. 704 (2020) 135369.
T. Fierens, et al., Transfer of eight phthalates through the milk chain—a case study, Environ. Int. 51 (2013) 1-7, https://doi.org/10.1016/j.
envint.2012.10.002.

M.-Y. Tsai, et al., Analysis of pollution of phthalates in pork and chicken in Taiwan using liquid chromatography-tandem mass spectrometry and assessment of
health risk, Molecules 24 (21) (2019) 3817.

H. Li, et al., Soil contamination and sources of phthalates and its health risk in China: a review, Environ. Res. 164 (2018) 417-429, https://doi.org/10.1016/j.
envres.2018.03.013.

N. CHEN, et al., Contamination of phthalate esters in vegetable agriculture and human cumulative risk assessment, Pedosphere 27 (3) (2017) 439-451.

C. Ning, et al., Contamination of phthalate esters in vegetable agriculture and human cumulative risk assessment, Pedosphere 27 (3) (2017) 439-451, https://
doi.org/10.1016/51002-0160(17)60340-0.

D. Amiridou, D. Voutsa, Alkylphenols and phthalates in bottled waters, J. Hazard Mater. 185 (1) (2011) 281-286, https://doi.org/10.1016/j.
jhazmat.2010.09.031.

K.S. Carlos, L.S. de Jager, T.H. Begley, Determination of phthalate concentrations in paper-based fast food packaging available on the US market, Food Addit.
Contam. (2021) 1-12.

M. Van Holderbeke, et al., Determination of contamination pathways of phthalates in food products sold on the Belgian market, Environ. Res. 134 (2014)
345-352, https://doi.org/10.1016/j.envres.2014.08.012.

M.J. He, et al., Phthalate esters in biota, air and water in an agricultural area of western China, with emphasis on bioaccumulation and human exposure, Sci.
Total Environ. 698 (2020) 134264, https://doi.org/10.1016/j.scitotenv.2019.134264.

P. Ventrice, et al., Phthalates: European regulation, chemistry, pharmacokinetic and related toxicity, Environ. Toxicol. Pharmacol. 36 (1) (2013) 88-96,
https://doi.org/10.1016/j.etap.2013.03.014.

EFSA Panel on Food Contact Materials E, et al., Update of the risk assessment of di-butylphthalate (DBP), butyl-benzyl-phthalate (BBP), bis (2-ethylhexyl)
phthalate (DEHP), di-isononylphthalate (DINP) and di-isodecylphthalate (DIDP) for use in food contact materials, EFSA J. 17 (12) (2019), e05838.

J. Yang, et al., Recent advances in analysis of phthalate esters in foods, TrAC, Trends Anal. Chem. 72 (2015) 10-26, https://doi.org/10.1016/j.
trac.2015.03.018.

J. Eales, et al., Human health impacts of exposure to phthalate plasticizers: an overview of reviews, Environ. Int. 158 (2022) 106903, https://doi.org/10.1016/
j-envint.2021.106903.

L. Minguez-Alarcon, et al., Secular trends in semen parameters among men attending a fertility center between 2000 and 2017: identifying potential predictors,
Environ. Int. 121 (2018) 1297-1303, https://doi.org/10.1016/j.envint.2018.10.052.

30


https://doi.org/10.1177/0748233720928165
https://doi.org/10.3803/EnM.2019.34.4.340
https://doi.org/10.1289/ehp.1307728
https://doi.org/10.1093/humrep/det312
https://doi.org/10.1210/en.2011-1308
https://doi.org/10.1016/j.braindev.2010.12.011
https://doi.org/10.1016/j.braindev.2010.12.011
https://doi.org/10.33263/BRIAC95.239242
https://doi.org/10.1186/s12940-020-00620-y
https://doi.org/10.1007/s11356-012-0851-y
https://doi.org/10.1016/j.envres.2020.109531
https://doi.org/10.1016/j.envres.2020.109531
https://doi.org/10.1016/j.jfca.2017.12.001
https://doi.org/10.1016/j.envint.2010.12.008
https://doi.org/10.1016/j.foodchem.2018.05.073
https://doi.org/10.1016/j.chemosphere.2019.02.067
https://doi.org/10.1016/j.chemosphere.2019.02.067
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref122
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref122
https://doi.org/10.3390/ijerph16071185
https://doi.org/10.3390/ijerph16071185
https://doi.org/10.3390/ijerph17165655
https://doi.org/10.1289/ehp.8075
https://doi.org/10.1111/j.1541-4337.2009.00093.x
https://doi.org/10.1111/j.1541-4337.2009.00093.x
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref127
https://doi.org/10.5344/ajev.2018.17041
https://doi.org/10.5344/ajev.2018.17041
https://doi.org/10.1007/s00216-015-8646-x
https://doi.org/10.1007/s00216-015-8646-x
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref130
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref131
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref131
https://doi.org/10.1016/j.tifs.2005.10.013
https://doi.org/10.1016/j.tifs.2005.10.013
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref133
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref133
https://doi.org/10.1051/ocl/2013060
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref135
https://doi.org/10.1016/j.envint.2012.10.002
https://doi.org/10.1016/j.envint.2012.10.002
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref137
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref137
https://doi.org/10.1016/j.envres.2018.03.013
https://doi.org/10.1016/j.envres.2018.03.013
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref139
https://doi.org/10.1016/S1002-0160(17)60340-0
https://doi.org/10.1016/S1002-0160(17)60340-0
https://doi.org/10.1016/j.jhazmat.2010.09.031
https://doi.org/10.1016/j.jhazmat.2010.09.031
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref142
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref142
https://doi.org/10.1016/j.envres.2014.08.012
https://doi.org/10.1016/j.scitotenv.2019.134264
https://doi.org/10.1016/j.etap.2013.03.014
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref146
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref146
https://doi.org/10.1016/j.trac.2015.03.018
https://doi.org/10.1016/j.trac.2015.03.018
https://doi.org/10.1016/j.envint.2021.106903
https://doi.org/10.1016/j.envint.2021.106903
https://doi.org/10.1016/j.envint.2018.10.052

L. Peivasteh-roudsari et al. Heliyon 9 (2023) 18140

[150] P. Pocar, et al., Exposure to di (2-ethyl-hexyl) phthalate (DEHP) in utero and during lactation causes long-term pituitary-gonadal axis disruption in male and
female mouse offspring, Endocrinology 153 (2) (2012) 937-948, https://doi.org/10.1210/en.2011-1450.

[151] C.M. Sobarzo, et al., Mono-(2-ethylhexyl) phthalate (MEHP) affects intercellular junctions of Sertoli cell: a potential role of oxidative stress, Reprod. Toxicol.
58 (2015) 203-212, https://doi.org/10.1016/j.reprotox.2015.10.010.

[152] H.A. Aly, et al., Dibutyl phthalate induces oxidative stress and impairs spermatogenesis in adult rats, Toxicol. Ind. Health 32 (8) (2016) 1467-1477, https://
doi.org/10.1177/0748233714566877.

[153] G.-X. Hu, et al., Phthalate-induced testicular dysgenesis syndrome: Leydig cell influence, Trends Endocrinol. Metabol. 20 (3) (2009) 139-145, https://doi.org/
10.1016/j.tem.2008.12.001.

[154] I. Al-Saleh, et al., The relationships between urinary phthalate metabolites, reproductive hormones and semen parameters in men attending in vitro
fertilization clinic, Sci. Total Environ. 658 (2019) 982-995, https://doi.org/10.1016/j.scitotenv.2018.12.261.

[155] D. Santi, et al., Impairment of sperm DNA methylation in male infertility: a meta-analytic study, Andrology 5 (4) (2017) 695-703, https://doi.org/10.1111/
andr.12379.

[156] V. Valinluck, et al., Oxidative damage to methyl-CpG sequences inhibits the binding of the methyl-CpG binding domain (MBD) of methyl-CpG binding protein
2 (MeCP2), Nucleic Acids Res. 32 (14) (2004) 4100-4108, https://doi.org/10.1093/nar/gkh739.

[157] M. Kim, et al., Low dose exposure to di-2-ethylhexylphthalate in juvenile rats alters the expression of genes related with thyroid hormone regulation, Biomol.
Therapeut. 26 (5) (2018) 512, https://doi.org/10.4062/biomolther.2018.076.

[158] J.D. Meeker, K.K. Ferguson, Relationship between urinary phthalate and bisphenol A concentrations and serum thyroid measures in US adults and adolescents
from the National Health and Nutrition Examination Survey (NHANES) 2007-2008, Environ. Health Perspect. 119 (10) (2011) 1396-1402, https://doi.org/
10.1289/ehp.1103582.

[159] D. Margina, et al., Overview of the effects of chemical mixtures with endocrine disrupting activity in the context of real-life risk simulation (RLRS): an
integrative approach, World Acad. Sci. J. 1 (4) (2019) 157-164, https://doi.org/10.3892/wasj.2019.17.

[160] K.E. Gerhardt, et al., Phytoremediation and rhizoremediation of organic soil contaminants: potential and challenges, Plant Sci. 176 (1) (2009) 20-30, https://
doi.org/10.1016/j.plantsci.2008.09.014.

[161] D.K. Singh, Microbial degradation of insecticides: An assessment for its use in bioremediation, in: Progress in Industrial Microbiology, Elsevier, 2002,
pp. 175-188.

[162] A. Shelepchikov, et al., Organic contaminants in the Moscow region, Organohalogen Compd. 71 (2009) 439-443.

[163] B. Kumar, et al., Persistent organochlorine pesticides and polychlorinated biphenyls in intensive agricultural soils from North India, Soil Water Res. 6 (4)
(2011) 190-197, https://doi.org/10.17221/21/2011-SWR.

[164] I. Holoubek, et al., UNEP/GEF Project regional based assessment of persistent toxic substances-European regional report. Organohalogen compounds, in:
Dioxin 2003; Environmental Levels, Emerging POPs, Site Assessment, 2003, pp. 436-439.

[165] M. Arslan, et al., Plant-bacteria partnerships for the remediation of persistent organic pollutants, Environ. Sci. Pollut. Control Ser. 24 (5) (2017) 4322-4336,
https://doi.org/10.1007/511356-015-4935-3.

[166] T. Singh, D.K. Singh, Phytoremediation of organochlorine pesticides: concept, method, and recent developments, Int. J. Phytoremediation 19 (9) (2017)
834-843, https://doi.org/10.1080/15226514.2017.1290579.

[167] A.M. Taiwo, A review of environmental and health effects of organochlorine pesticide residues in Africa, Chemosphere 220 (2019) 1126-1140, https://doi.
org/10.1016/j.chemosphere.2019.01.001.

[168] S.J. Genuis, K. Lane, D. Birkholz, Human elimination of organochlorine pesticides: blood, urine, and sweat study, BioMed Res. Int. (2016) 2016, https://doi.
org/10.1155/2016/1624643.

[169] M. El-Shahawi, et al., An overview on the accumulation, distribution, transformations, toxicity and analytical methods for the monitoring of persistent organic
pollutants, Talanta 80 (5) (2010) 1587-1597, https://doi.org/10.1016/j.talanta.2009.09.055.

[170] D. Wikoff, L. Fitzgerald, L. Birnbaum, Persistent organic pollutants: an overview, Dioxins and health 3 (2012) 1-36, https://doi.org/10.1002/9781118184141.
chl.

[171] E. Sonneveld, et al., Development of androgen-and estrogen-responsive bioassays, members of a panel of human cell line-based highly selective steroid-
responsive bioassays, Toxicol. Sci. 83 (1) (2005) 136-148, https://doi.org/10.1093/toxsci/kfi005.

[172] B.A. Cohn, P.M. Cirillo, M.B. Terry, DDT and breast cancer: prospective study of induction time and susceptibility windows, JNCI: J. Natl. Cancer Inst. 111 (8)
(2019) 803-810, https://doi.org/10.1093/jnci/djy198.

[173] D.M. Bearden, Comprehensive Environmental Response, Compensation, and Liability Act: A Summary of Superfund Cleanup Authorities and Related
Provisions of the Act, in: Library of Congress, Congressional Research Service, 2012.

[174] V. Mahdavi, et al., Evaluation of pesticide residues and risk assessment in apple and grape from western Azerbaijan Province of Iran, Environ. Res. (2021)
111882, https://doi.org/10.1016/j.envres.2021.111882.

[175] B. Tajdar-oranj, et al., Simultaneous multi-determination of pesticide residues in pistachio from Iran’s market: a probabilistic health risk assessment study,
J. Food Compos. Anal. 103 (2021) 104085, https://doi.org/10.1016/j.jfca.2021.104085.

[176] G. Idowu, Organochlorine pesticide residue levels in river water and sediment from cocoa-producing areas of Ondo State central senatorial district, Nigeria,
J. Environ. Chem. Ecotoxicol. 5 (9) (2013) 242-249, https://doi.org/10.5897/JECE2013.0293.

[177] K. Weber, H. Goerke, Persistent organic pollutants (POPs) in Antarctic fish: levels, patterns, changes, Chemosphere 53 (6) (2003) 667-678, https://doi.org/
10.1016/5S0045-6535(03)00551-4.

[178] F. Borghini, et al., Organochlorine pollutants in soils and mosses from Victoria Land (Antarctica), Chemosphere 58 (3) (2005) 271-278, https://doi.org/
10.1016/j.chemosphere.2004.07.025.

[179] R. Lohmann, et al., Global fate of POPs: current and future research directions, Environ. Pollut. 150 (1) (2007) 150-165, https://doi.org/10.1016/j.
envpol.2007.06.051.

[180] J.O. Grimalt, et al., Persistent organochlorine compounds in soils and sediments of European high altitude mountain lakes, Chemosphere 54 (10) (2004)
1549-1561, https://doi.org/10.1016/j.chemosphere.2003.09.047.

[181] R. Mondal, R.K. Kole, Monitoring and evaluation of pesticide residues in aquatic systems, in: Sustainable Agriculture Reviews 47, Springer, 2021, pp. 91-143.

[182] W. Xiaofei, et al., Residues of organochlorine pesticides in surface soils from college school yards in Beijing, China, J. Environ. Sci. 20 (9) (2008) 1090-1096,
https://doi.org/10.1016/51001-0742(08)62154-3.

[183] D. Gunnell, M. Eddleston, Suicide by intentional ingestion of pesticides: a continuing tragedy in developing countries, Int. J. Epidemiol. 32 (6) (2003) 902-909,
https://doi.org/10.1093/ije/dyg307.

[184] O.A. Ibigbami, et al., Persistent organochlorine pesticide residues in water, sediments and fish samples from Ogbese River, Environ. Nat. Resour. Res. 5 (3)
(2015) 28, https://doi.org/10.5539/enrr.v5n3p28.

[185] D. Adeyemi, et al., Evaluation of the levels of organochlorine pesticide residues in water samples of Lagos Lagoon using solid phase extraction method,

J. Environ. Chem. Ecotoxicol. 3 (6) (2011) 160-166, https://doi.org/10.5897/JECE.9000023.

[186] D. Essumang, G. Togoh, L. Chokky, Pesticide residues in the water and fish (lagoon tilapia) samples from lagoons in Ghana, Bull. Chem. Soc. Ethiop. 23 (1)
(2009) 19-27, https://doi.org/10.4314/bese.v23i1.21294.

[187] J.C. Akan, et al., Determination of some organochlorine pesticide residues in vegetable and soil samples from Alau dam and Gongulong agricultural sites,
Borno State, North Eastern Nigeria, Int. J. Environ. Ecol. Eng. 8 (4) (2014) 325-332, https://doi.org/10.5281/zenodo.1092173.

[188] A.F. Aiyesanmi, G.A. Idowu, Organochlorine pesticides residues in soil of cocoa farms in Ondo State Central District, Nigeria, Environ. Nat. Resour. Res. 2 (2)
(2012) 65, https://doi.org/10.5539/enrr.v2n2p65.

[189] J.S. Burns, et al., Serum concentrations of organochlorine pesticides and growth among Russian boys, Environ. Health Perspect. 120 (2) (2012) 303-308,
https://doi.org/10.2307/41352944.

31


https://doi.org/10.1210/en.2011-1450
https://doi.org/10.1016/j.reprotox.2015.10.010
https://doi.org/10.1177/0748233714566877
https://doi.org/10.1177/0748233714566877
https://doi.org/10.1016/j.tem.2008.12.001
https://doi.org/10.1016/j.tem.2008.12.001
https://doi.org/10.1016/j.scitotenv.2018.12.261
https://doi.org/10.1111/andr.12379
https://doi.org/10.1111/andr.12379
https://doi.org/10.1093/nar/gkh739
https://doi.org/10.4062/biomolther.2018.076
https://doi.org/10.1289/ehp.1103582
https://doi.org/10.1289/ehp.1103582
https://doi.org/10.3892/wasj.2019.17
https://doi.org/10.1016/j.plantsci.2008.09.014
https://doi.org/10.1016/j.plantsci.2008.09.014
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref161
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref161
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref162
https://doi.org/10.17221/21/2011-SWR
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref164
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref164
https://doi.org/10.1007/s11356-015-4935-3
https://doi.org/10.1080/15226514.2017.1290579
https://doi.org/10.1016/j.chemosphere.2019.01.001
https://doi.org/10.1016/j.chemosphere.2019.01.001
https://doi.org/10.1155/2016/1624643
https://doi.org/10.1155/2016/1624643
https://doi.org/10.1016/j.talanta.2009.09.055
https://doi.org/10.1002/9781118184141.ch1
https://doi.org/10.1002/9781118184141.ch1
https://doi.org/10.1093/toxsci/kfi005
https://doi.org/10.1093/jnci/djy198
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref173
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref173
https://doi.org/10.1016/j.envres.2021.111882
https://doi.org/10.1016/j.jfca.2021.104085
https://doi.org/10.5897/JECE2013.0293
https://doi.org/10.1016/S0045-6535(03)00551-4
https://doi.org/10.1016/S0045-6535(03)00551-4
https://doi.org/10.1016/j.chemosphere.2004.07.025
https://doi.org/10.1016/j.chemosphere.2004.07.025
https://doi.org/10.1016/j.envpol.2007.06.051
https://doi.org/10.1016/j.envpol.2007.06.051
https://doi.org/10.1016/j.chemosphere.2003.09.047
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref181
https://doi.org/10.1016/S1001-0742(08)62154-3
https://doi.org/10.1093/ije/dyg307
https://doi.org/10.5539/enrr.v5n3p28
https://doi.org/10.5897/JECE.9000023
https://doi.org/10.4314/bcse.v23i1.21294
https://doi.org/10.5281/zenodo.1092173
https://doi.org/10.5539/enrr.v2n2p65
https://doi.org/10.2307/41352944

L. Peivasteh-roudsari et al.

[190]
[191]
[192]
[193]
[194]
[195]
[196]
[197]
[198]
[199]
[200]
[201]
[202]
[203]
[204]
[205]
[206]
[207]
[208]

[209]
[210]

[211]
[212]

[213]
[214]

[215]
[216]

[217]
[218]

[219]
[220]
[221]
[222]
[223]

[224]
[225]

[226]
[227]

[228]
[229]
[230]

[231]

Heliyon 9 (2023) 18140

V. Pardjo, et al., Human health risk of dietary intake of organochlorine pesticide residues in bovine meat and tissues from Veracruz, México, Food Chem. 135
(3) (2012) 1873-1893, https://doi.org/10.1016/j.foodchem.2012.06.079.

E. Kamel, et al., Occurrence and possible fate of organochlorine pesticide residues at Manzala Lake in Egypt as a model study, Environ. Monit. Assess. 187 (1)
(2015) 1-10, https://doi.org/10.1007/s10661-014-4161-3.

0. Ogbeide, 1. Tongo, L. Ezemonye, Risk assessment of agricultural pesticides in water, sediment, and fish from Owan River, Edo State, Nigeria, Environ. Monit.
Assess. 187 (10) (2015) 1-16.

P. Maurya, D. Malik, Accumulation and distribution of organochlorine and organophosphorus pesticide residues in water, sediments and fishes, Heteropneustis
fossilis and Puntius ticto from Kali River, India, J. Toxicol. Environ. Health Sci. 8 (5) (2016) 3040, https://doi.org/10.5897/JTEHS2016.0367.

M. Adeyemi, H. Abdulmalik, Determination of organochlorine pesticides in some imported frozen fish species consumed within Kaduna Metropolis, IOSR J.
Environ. Sci. Toxicol. Food Technol. 11 (4) (2017) 1e5, https://doi.org/10.9790/2402-1104020105.

K. Helou, et al., A review of organochlorine pesticides and polychlorinated biphenyls in Lebanon: environmental and human contaminants, Chemosphere 231
(2019) 357-368, https://doi.org/10.1016/j.chemosphere.2019.05.109.

N. Leadprathom, et al., Transport and deposition of organochlorine pesticides from farmland to estuary under tropical regime and their potential risk to aquatic
biota, J. Environ. Sci. Health Part B 44 (3) (2009) 249-261, https://doi.org/10.1080/03601230902728302.

D.Q. Hung, Monitoring of Organochlorine Pesticides in Surface Waters in Hanoi and Detoxification of Organochlorine and Organophosphorus Pesticides in
Water by Applying Novel Methods Using Ultraviolet Irradation, Air Ionisation and Solar Photocatalysis, Universitat Bremen, 2002.

A. Alvarez, et al., Bacterial bio-resources for remediation of hexachlorocyclohexane, Int. J. Mol. Sci. 13 (11) (2012) 1508615106, https://doi.org/10.3390/
ijms131115086.

J. Liu, et al., Contamination characteristics of organochlorine pesticides in multimatrix sampling of the Hanjiang River Basin, southeast China, Chemosphere
163 (2016) 35-43, https://doi.org/10.1016/j.chemosphere.2016.07.040.

H. Kuranchie-Mensabh, et al., Determination of organochlorine pesticide residue in sediment and water from the Densu river basin, Ghana, Chemosphere 86 (3)
(2012) 286-292, https://doi.org/10.1016/j.chemosphere.2011.10.031.

C. Smaranda, M. Gavrilescu, Migration and fate of persistent organic pollutants in the atmosphere-A modelling approach, Environ. Eng. Manag. J. (EEMJ) 7 (6)
(2008).

M.M. El Bouraie, A. El Barbary, M. Yehia, Determination of organochlorine pesticide (OCPs) in shallow observation wells from El-Rahawy contaminated area,
Egypt. Environmental Research, Eng. Manag. J. 57 (3) (2011) 28-38.

A. Lanfranchi, et al., Striped weakfish (Cynoscion guatucupa): a biomonitor of organochlorine pesticides in estuarine and near-coastal zones, Mar. Pollut. Bull.
52 (1) (2006) 74-80, https://doi.org/10.1016/j.marpolbul.2005.08.008.

0. Akoto, A.A. Azuure, K. Adotey, Pesticide residues in water, sediment and fish from Tono Reservoir and their health risk implications, SpringerPlus 5 (1)
(2016) 1-11, https://doi.org/10.1186/540064-016-3544-z.

Z. Liu, et al., Organochlorine pesticides in consumer fish and mollusks of Liaoning Province, China: distribution and human exposure implications, Arch.
Environ. Contam. Toxicol. 59 (3) (2010) 444-453, https://doi.org/10.1007/500244-010-9504-7.

S. Adeyeye, et al., Quality and safety assessment of traditional smoked fish from Lagos State, Nigeria, Int. J. Aquacult. (2015) 5, https://doi.org/10.1080/
15428052.2016.1185072.

L. Kolani, G. Mawussi, K. Sanda, Assessment of organochlorine pesticide residues in vegetable samples from some agricultural areas in Togo, Am. J. Anal.
Chem. 7 (4) (2016) 332-341, https://doi.org/10.4236/ajac.2016.74031.

S. Koch, et al., Pesticide residues in food: attitudes, beliefs, and misconceptions among conventional and organic consumers, J. Food Protect. 80 (12) (2017)
2083-2089, https://doi.org/10.4315/0362-028X.JFP-17-104.

T. Anwar, I. Ahmad, S. Tahir, Determination of pesticide residues in fruits of Nawabshah district, Sindh, Pakistan, Pakistan J. Bot. 43 (2) (2011) 1133-1139.
G. Pagliuca, et al., Residue analysis of organophosphorus pesticides in animal matrices by dual column capillary gas chromatography with
nitrogen-phosphorus detection, J. Chromatogr. A 1071 (1-2) (2005) 67-70, https://doi.org/10.1016/j.chroma.2004.08.142.

J.A. Mahugija, P.E. Chibura, E.H. Lugwisha, Occurrence of organochlorine and organophosphorus pesticide residues in poultry feeds, raw and cooked eggs
from selected farms in Ilala and Kibaha Districts, Tanzania, J. Appl. Sci. Environ. Manag. 22 (2) (2018) 191-196, https://doi.org/10.4314/jasem.v22i2.6.
D. Amoako, et al., Health risk assessment of organochlorine pesticides contaminations in dairy products from selected farms in greater accra region-Ghana,
Health 7 (7) (2017).

P.-P. Hao, Determination of bisphenol A in barreled drinking water by a SPE-LC-MS method, J. Environ. Sci. Health, Part A 55 (6) (2020) 697-703.

S. Cunha, et al., Gas chromatography-mass spectrometry analysis of nine bisphenols in canned meat products and human risk estimation, Food Res. Int. 135
(2020) 109293.

M.R. Khan, et al., Bisphenol A leaches from packaging to fruit juice commercially available in markets, Food Packag. Shelf Life 28 (2021) 100678.

I Toptanci, Risk assessment of bisphenol related compounds in canned convenience foods, olives, olive oil, and canned soft drinks in Turkey, Environ. Sci.
Pollut. Control Ser. (2023) 1-16.

W. Xiang, et al., Cumulative risk assessment of phthalates in edible vegetable oil consumed by Chinese residents, J. Sci. Food Agric. 100 (3) (2020) 1124-1131.
L. Edwards, et al., Phthalate and novel plasticizer concentrations in food items from US fast food chains: a preliminary analysis, J. Expo. Sci. Environ.
Epidemiol. 32 (3) (2022) 366-373.

M. Arshad, et al., Monitoring of level of mean concentration and toxicity equivalence (TEQ) of polychlorinated biphenyls (PCBs) in selected vegetables, beans
and grains in khanewal and multan, Pakistan, Saudi J. Biol. Sci. 29 (4) (2022) 2787-2793.

S. Yaminifar, et al., The measurement and health risk assessment of polychlorinated biphenyls in butter samples using the QUEChERS/GC-MS method, Int. J.
Dairy Technol. 74 (4) (2021) 737-746.

A. Kiani, et al., Analysis of polychlorinated biphenyls (PCBs) in dairy products by modified QUEChERS/GC-QqQ-MS/MS method: a risk assessment study, Food
Sci. Nutr. (2023).

A. Fernandes, et al., Occurrence and spatial distribution of chemical contaminants in edible fish species collected from UK and proximate marine waters,
Environ. Int. 114 (2018) 219-230.

G. Barone, et al., Polychlorinated dioxins, furans (PCDD/Fs) and dioxin-like polychlorinated biphenyls (dI-PCBs) in food from Italy: estimates of dietaryintake
and assessment, J. Food Sci. 86 (10) (2021) 4741-4753.

W.J. Pietron, M. Warenik-Bany, Terrestrial animal livers as a source of PCDD/Fs, PCBs and PBDEs in the diet, Sci. Total Environ. (2023) 161508.

D. Costopoulou, I. Vassiliadou, L. Leondiadis, PCDDs, PCDFs and PCBs in farmed fish produced in Greece: levels and human population exposure assessment,
Chemosphere 146 (2016) 511-518.

G. Barone, et al., Dioxin and PCB residues in meats from Italy: consumer dietary exposure, Food Chem. Toxicol. 133 (2019) 110717.

C. Pius, et al., Polychlorinated Dibenzo-P-Dioxin/dibenzo Furans (PCDD/Fs) Contamination in Sediments and Fish from Msimbazi River in Dar Es Salam-
Tanzania: Patterns, Sources and Their Exposure to Humans, 2022.

G.O. Olutona, M.A. Aderemi, Organochlorine pesticide residue and heavy metals in leguminous food crops from selected markets in Ibadan, Nigeria, Legume
Sci. 1 (1) (2019) e3.

M. Abah, et al., Determination of selected pesticide residues in leafy vegetables (Amaranthus spinosus) consumed in Donga, Taraba state, Int. J. Biochem.,
Bioinf. Biotechnol. Stud. 6 (2) (2021) 9-16.

G.A. Hasan, A.K. Das, M.A. Satter, Human Health Risk Assessment through the Detection of Organochlorine Pesticides in Vegetables and Fruits from Dhaka,
Bangladesh by Gas Chromatography Coupled to Mass Spectrometry (GC-MS), 2021.

G. Olutona, I. Fakunle, R. Adegbola, Detection of organochlorine pesticides residue and trace metals in vegetables obtained from Iwo market, Iwo, Nigeria, Int.
J. Environ. Sci. Technol. 19 (5) (2022) 4201-4208.

32


https://doi.org/10.1016/j.foodchem.2012.06.079
https://doi.org/10.1007/s10661-014-4161-3
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref192
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref192
https://doi.org/10.5897/JTEHS2016.0367
https://doi.org/10.9790/2402-1104020105
https://doi.org/10.1016/j.chemosphere.2019.05.109
https://doi.org/10.1080/03601230902728302
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref197
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref197
https://doi.org/10.3390/ijms131115086
https://doi.org/10.3390/ijms131115086
https://doi.org/10.1016/j.chemosphere.2016.07.040
https://doi.org/10.1016/j.chemosphere.2011.10.031
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref201
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref201
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref202
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref202
https://doi.org/10.1016/j.marpolbul.2005.08.008
https://doi.org/10.1186/s40064-016-3544-z
https://doi.org/10.1007/s00244-010-9504-7
https://doi.org/10.1080/15428052.2016.1185072
https://doi.org/10.1080/15428052.2016.1185072
https://doi.org/10.4236/ajac.2016.74031
https://doi.org/10.4315/0362&ndash;028X.JFP-17-104
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref209
https://doi.org/10.1016/j.chroma.2004.08.142
https://doi.org/10.4314/jasem.v22i2.6
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref212
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref212
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref363
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref364
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref364
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref365
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref366
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref366
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref367
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref368
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref368
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref369
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref369
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref370
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref370
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref371
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref371
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref372
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref372
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref373
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref373
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref374
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref375
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref375
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref376
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref377
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref377
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref378
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref378
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref379
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref379
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref380
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref380
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref381
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref381

L. Peivasteh-roudsari et al. Heliyon 9 (2023) 18140

[232] M. Mahjoub, et al., Mercury, lead, and cadmium in the muscles of five fish species from the mechraa-hammadi dam in Morocco and health risks for their
consumers, J. Toxicol. (2021) 2021.

[233] M.S. Islam, et al., Assessment of heavy metals in foods around the industrial areas: health hazard inference in Bangladesh, Geocarto Int. 35 (3) (2020) 280-295.

[234] A. Nematollahi, et al., The concentration of potentially toxic elements (PTEs) in sausages: a systematic review and meta-analysis study, Environ. Sci. Pollut.
Control Ser. 28 (2021) 55186-55201.

[235] H.R. Gebeyehu, L.D. Bayissa, Levels of heavy metals in soil and vegetables and associated health risks in Mojo area, Ethiopia, PLoS One 15 (1) (2020),
e0227883.

[236] P. Sadighara, et al., Concentration of heavy metals in canned tuna fish and probabilistic health risk assessment in Iran, Int. J. Environ. Anal. Chem. (2022)
1-11.

[237] A. Al-Othman, et al., Strong associations between the pesticide hexachlorocyclohexane and type 2 diabetes in Saudi adults, Int. J. Environ. Res. Publ. Health 11
(9) (2014) 8984-8995, https://doi.org/10.3390/ijerph110908984.

[238] J.T. Efird, et al., Farm-related exposures and childhood brain tumours in seven countries: results from the SEARCH International Brain Tumour Study, Paediatr.
Perinat. Epidemiol. 17 (2) (2003) 201-211, https://doi.org/10.1046/].1365-3016.2003.00484.x.

[239] M.A.E. Hassan, et al., Detection of organochlorine pesticides residues in Nile fish and its risks in Qena City, SVU-Int. J. Vet. Sci. 3 (1) (2020) 51-65, https://doi.
org/10.21608/svu.2020.19713.1036.

[240] M. Shokrzadeh, S.S.S. Saravi, in: M. Stoytcheva (Ed.), Pesticides in Agricultural Products: Analysis, Reduction, Prevention. Pesticides-Formulations, Effects,
Fate, 2011, pp. 225-242.

[241] M. Stoytcheva, Pesticides in the Modern World: Risks and Benefits, 2011 (BoD-Books on Demand).

[242] S. Saeedi Saravi, M. Shokrzadeh, Effects of washing, peeling, storage, and fermentation on residue contents of carbaryl and mancozeb in cucumbers grown in
greenhouses, Toxicol. Ind. Health 32 (6) (2016) 1135-1142, https://doi.org/10.1177/0748233714552295.

[243] M. Shokrzadeh, S. Saeedi Saravi, Measurement of residues of benomyl and mancozeb pesticides in shrub and nonshrub cucumbers sampled from different
regions of Mazandaran province (Iran), Toxicol. Environ. Chem. 91 (4) (2009) 627-630, https://doi.org/10.1080/02772240802389910.

[244] L.L. Needham, et al., Exposure assessment in the national children’s study: introduction, Environ. Health Perspect. 113 (8) (2005) 1076-1082, https://doi.org/
10.1289/ehp.7613.

[245] C. Freire, et al., Association between serum levels of organochlorine pesticides and sex hormones in adults living in a heavily contaminated area in Brazil, Int.
J. Hyg Environ. Health 217 (2-3) (2014) 370-378, https://doi.org/10.1016/j.ijheh.2013.07.012.

[246] L.M. Shokrzadeh, S.S.S. Saeedi, N. Otadi, Evaluation of residues of DDT and DDA in fish collected from Caspian Sea, Iran, 2012.

[247] S. Padhi, B. Pati, Severity of persistence and toxicity of hexachlorocyclohexane (HCH) to the environment-A current approach, Scholarly Res. J. Interdiscip.
Stud. 4 (2016) 3158-3168.

[248] J.A. Cotruvo, M. Regelski, Overview of the current National primary drinking water regulations and regulation development process, in: Safe Drinking Water
Act, CRC Press, 2017, pp. 17-28.

[249] M. Mustafa, et al., Maternal and cord blood levels of aldrin and dieldrin in Delhi population, Environ. Monit. Assess. 171 (1) (2010) 633-638, https://doi.org/
10.1007/510661-010-1307-9.

[250] G. Belta, et al., Level and congener pattern of PCBs and OCPs residues in blue-fin tuna (Thunnus thynnus) from the straits of Messina (Sicily, Italy), Environ.
Int. 32 (2006) 705-710, https://doi.org/10.1016/j.envint.2006.02.001.

[251] D.O. Carpenter, Effects of Persistent and Bioactive Organic Pollutants on Human Health, John Wiley & Sons, 2013.

[252] B. Lozowicka, et al., Studies of pesticide residues in tomatoes and cucumbers from Kazakhstan and the associated health risks, Environ. Monit. Assess. 187 (10)
(2015) 1-19, https://doi.org/10.1007/5s10661-015-4818-6.

[253] D. Bachelet, et al., Determinants of serum concentrations of 1, 1-dichloro-2, 2-bis (p-chlorophenyl) ethylene and polychlorinated biphenyls among French
women in the CECILE study, Environ. Res. 111 (6) (2011) 861-870, https://doi.org/10.1016/j.envres.2011.06.001.

[254] S.A. Korrick, S.K. Sagiv, Polychlorinated biphenyls (PCBs), organochlorine pesticides, and neurodevelopment, Curr. Opin. Pediatr. 20 (2) (2008), https://doi.
org/10.1097/MOP.0b013e3282f6a4e9.

[255] S. Cox, et al., Prevalence of self-reported diabetes and exposure to organochlorine pesticides among Mexican Americans: hispanic health and nutrition
examination survey, 1982-1984, Environ. Health Perspect. 115 (12) (2007) 1747-1752. https://doi/10.1289/ehp.10258.

[256] S. Johnson, et al., Contamination of soil and water inside and outside the union carbide India limited, Bhopal, Centre Sci. Environ. (2009) 1-31.

[257] A. Dorsey, Toxicological Profile for Alpha-, Beta-, Gamma, and Delta-hexachlorocyclohexane, Agency for Toxic Substances and Disease Registry, 2005.

[258] K. Nolan, J. Kamrath, J. Levitt, Lindane toxicity: a comprehensive review of the medical literature, Pediatr. Dermatol. 29 (2) (2012) 141-146, https://doi.org/
10.1111/j.1525-1470.2011.01519.x.

[259] A. Witczak, A. Pohorylo, H. Abdel-Gawad, Endocrine-disrupting organochlorine pesticides in human breast milk: changes during lactation, Nutrients 13 (1)
(2021) 229, https://doi.org/10.3390/nul13010229.

[260] C.J. Martyniuk, A.C. Mehinto, N.D. Denslow, Organochlorine pesticides: agrochemicals with potent endocrine-disrupting properties in fish, Mol. Cell.
Endocrinol. 507 (2020) 110764, https://doi.org/10.1016/j.mce.2020.110764.

[261] L. Guillette Jr., Organochlorine pesticides as endocrine disruptors in wildlife, Cent. Eur. J. Publ. Health 8 (2000) 34-35.

[262] J. Zhang, et al., Endocrine-disrupting effects of pesticides through interference with human glucocorticoid receptor, Environ. Sci. Technol. 50 (1) (2016)
435-443, https://doi.org/10.1021/acs.est.5b03731.

[263] N. Garcia-Reyero, et al., Estrogen signaling through both membrane and nuclear receptors in the liver of fathead minnow, Gen. Comp. Endocrinol. 257 (2018)
50-66, https://doi.org/10.1016/j.ygcen.2017.07.019.

[264] E.K. Shanle, W. Xu, Endocrine disrupting chemicals targeting estrogen receptor signaling: identification and mechanisms of action, Chem. Res. Toxicol. 24 (1)
(2011) 6-19, https://doi.org/10.1021/tx100231n.

[265] P. Langer, The impacts of organochlorines and other persistent pollutants on thyroid and metabolic health, Front. Neuroendocrinol. 31 (4) (2010) 497-518,
https://doi.org/10.1016/j.yfrne.2010.08.001.

[266] S.B. Brown, et al., Contaminant effects on the teleost fish thyroid, Environ. Toxicol. Chem.: Int. J. 23 (7) (2004) 1680-1701, https://doi.org/10.1897/03-242.

[267] P.A. Olsvik, L. Sgfteland, Metabolic effects of p, p'-DDE on Atlantic salmon hepatocytes, J. Appl. Toxicol. 38 (4) (2018) 489-503, https://doi.org/10.1002/
jat.3556.

[268] K.I. Sarty, A. Cowie, C.J. Martyniuk, The legacy pesticide dieldrin acts as a teratogen and alters the expression of dopamine transporter and dopamine receptor
2a in zebrafish (Danio rerio) embryos, Comp. Biochem. Physiol. C Toxicol. Pharmacol. 194 (2017) 37-47, https://doi.org/10.1016/j.cbpc.2017.01.010.

[269] C.J. Martyniuk, et al., Transcriptional networks associated with the immune system are disrupted by organochlorine pesticides in largemouth bass
(Micropterus salmoides) ovary, Aquat. Toxicol. 177 (2016) 405-416, https://doi.org/10.1016/j.aquatox.2016.06.009.

[270] K. Owens, K. Baer, Modifications of the topical Japanese medaka (Oryzias latipes) embryo larval assay for assessing developmental toxicity of
pentachlorophenol and p, p’-Dichlorodiphenyltrichloroethane, Ecotoxicol. Environ. Saf. 47 (1) (2000) 87-95, https://doi.org/10.1006/eesa.2000.1935.

[271] C. Ton, Y. Lin, C. Willett, Zebrafish as a model for developmental neurotoxicity testing, Birth Defects Res. Part A Clin. Mol. Teratol. 76 (7) (2006) 553-567,
https://doi.org/10.1002/bdra.20281.

[272] T. Kapp, et al., Synthesis of low and high chlorinated toxaphene and comparison of their toxicity by zebrafish (Danio rerio) embryo test, Environ. Toxicol.
Chem.: Int. J. 25 (11) (2006) 28842889, https://doi.org/10.1897/06-093R.1.

[273] V. Perez-Rodriguez, et al., The organochlorine pesticide toxaphene reduces non-mitochondrial respiration and induces heat shock protein 70 expression in
early-staged zebrafish (Danio rerio), Comp. Biochem. Physiol. C Toxicol. Pharmacol. 228 (2020) 108669, https://doi.org/10.1016/j.cbpc.2019.108669.

[274] W.S. Chow, W.K.L. Chan, K.M. Chan, Toxicity assessment and vitellogenin expression in zebrafish (Danio rerio) embryos and larvae acutely exposed to
bisphenol A, endosulfan, heptachlor, methoxychlor and tetrabromobisphenol A, J. Appl. Toxicol. 33 (7) (2013) 670-678, https://doi.org/10.1002/jat.2723.

33


http://refhub.elsevier.com/S2405-8440(23)05348-3/sref382
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref382
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref383
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref384
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref384
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref385
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref385
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref386
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref386
https://doi.org/10.3390/ijerph110908984
https://doi.org/10.1046/j.1365-3016.2003.00484.x
https://doi.org/10.21608/svu.2020.19713.1036
https://doi.org/10.21608/svu.2020.19713.1036
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref216
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref216
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref217
https://doi.org/10.1177/0748233714552295
https://doi.org/10.1080/02772240802389910
https://doi.org/10.1289/ehp.7613
https://doi.org/10.1289/ehp.7613
https://doi.org/10.1016/j.ijheh.2013.07.012
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref222
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref223
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref223
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref224
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref224
https://doi.org/10.1007/s10661-010-1307-9
https://doi.org/10.1007/s10661-010-1307-9
https://doi.org/10.1016/j.envint.2006.02.001
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref227
https://doi.org/10.1007/s10661-015-4818-6
https://doi.org/10.1016/j.envres.2011.06.001
https://doi.org/10.1097/MOP.0b013e3282f6a4e9
https://doi.org/10.1097/MOP.0b013e3282f6a4e9
https://doi/10.1289/ehp.10258
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref232
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref233
https://doi.org/10.1111/j.1525-1470.2011.01519.x
https://doi.org/10.1111/j.1525-1470.2011.01519.x
https://doi.org/10.3390/nu13010229
https://doi.org/10.1016/j.mce.2020.110764
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref237
https://doi.org/10.1021/acs.est.5b03731
https://doi.org/10.1016/j.ygcen.2017.07.019
https://doi.org/10.1021/tx100231n
https://doi.org/10.1016/j.yfrne.2010.08.001
https://doi.org/10.1897/03-242
https://doi.org/10.1002/jat.3556
https://doi.org/10.1002/jat.3556
https://doi.org/10.1016/j.cbpc.2017.01.010
https://doi.org/10.1016/j.aquatox.2016.06.009
https://doi.org/10.1006/eesa.2000.1935
https://doi.org/10.1002/bdra.20281
https://doi.org/10.1897/06-093R.1
https://doi.org/10.1016/j.cbpc.2019.108669
https://doi.org/10.1002/jat.2723

L. Peivasteh-roudsari et al.

[275]

[276]
[277]
[278]

[279]
[280]
[281]
[282]
[283]
[284]

[285]
[286]
[287]

[288]
[289]

[290]
[291]
[292]
[293]
[294]

[295]
[296]
[297]
[298]
[299]

[300]
[301]
[302]
[303]
[304]
[305]
[306]

[307]
[308]

[309]
[310]
[311]
[312]
[313]
[314]

[315]
[316]

[317]
[318]
[319]
[320]
[321]
[322]
[323]
[324]
[325]

[326]
[327]

Heliyon 9 (2023) 18140

J.S. Edmunds, R.A. McCarthy, J.S. Ramsdell, Permanent and functional male-to-female sex reversal in d-rR strain medaka (Oryzias latipes) following egg
microinjection of o, p’-DDT, Environ. Health Perspect. 108 (3) (2000) 219-224, https://doi.org/10.1289/ehp.00108219.

Z. Singh, et al., Toxic effects of organochlorine pesticides: a review, Am. J. Biosci. 4 (3) (2016) 11, https://doi.org/10.11648/j.ajbio.s.2016040301.13.
M.C. Keifer, J. Firestone, Neurotoxicity of pesticides, J. Agromed. 12 (1) (2007) 17-25, https://doi.org/10.1300/J096v12n01_03.

S.S. Saeedi Saravi, A.R. Dehpour, Potential role of organochlorine pesticides in the pathogenesis of neurodevelopmental, neurodegenerative, and
neurobehavioral disorders: a review, Life Sci. 145 (2016) 255-264, https://doi.org/10.1016/].1fs.2015.11.006.

B. Antizar-Ladislao, Environmental levels, toxicity and human exposure to tributyltin (TBT)-contaminated marine environment. A review, Environ. Int. 34 (2)
(2008) 292-308, https://doi.org/10.1016/j.envint.2007.09.005.

C.-C. Lee, et al., Health risk assessment of the intake of butyltin and phenyltin compounds from fish and seafood in Taiwanese population, Chemosphere 164
(2016) 568-575.

H.K. Okoro, et al., Comprehensive reviews on adverse health effects of human exposure to endocrine-disrupting chemicals, Fresenius Environ. Bull. 26 (2017)
4623-4636.

H.K. Okoro, et al., Human exposure, biomarkers, and fate of organotins in the environment, Rev. Environ. Contam. Toxicol. 213 (2011) 27-54, https://doi.org/
10.1007/978-1-4419-9860-6-2.

A. Sakultantimetha, et al., Acceleration of tributyltin biodegradation by sediment microorganisms under optimized environmental conditions, Int. Biodeterior.
Biodegrad. 64 (6) (2010) 467-473, https://doi.org/10.1016/j.ibiod.2010.05.007.

G.M. Cooke, Effect of organotins on human aromatase activity in vitro, Toxicol. Lett. 126 (2) (2002) 121-130, https://doi.org/10.1016/50378-4274(01)
00451-9.

S.K. Kim, et al., Inhibitory effect of tributyltin on expression of steroidogenic enzymes in mouse testis, Int. J. Toxicol. 27 (2) (2008) 175-182.

K.L. Barbosa, et al., Tributyltin and the female hypothalamic-pituitary-gonadal disruption, Toxicol. Sci. (2021).

1.V. Sarmento, et al., Subchronic and low dose of tributyltin exposure leads to reduced ovarian reserve, reduced uterine gland number, and other reproductive
irregularities in female mice, Toxicol. Sci. 176 (1) (2020) 74-85.

V. Kanimozhi, et al., Apolipoprotein E induction in Syrian hamster testis following tributyltin exposure: a potential mechanism of male infertility, Reprod. Sci.
21 (8) (2014) 1006-1014.

V. Kanimozhi, et al., Molecular mechanisms of tributyltin-induced alterations in cholesterol homeostasis and steroidogenesis in hamster testis: in vivo and in
vitro studies, J. Cell. Biochem. 119 (5) (2018) 4021-4037.

S.M. Regnier, et al., Tributyltin differentially promotes development of a phenotypically distinct adipocyte, Obesity 23 (9) (2015) 1864-1871.

F. Stossi, et al., Tributyltin chloride (TBT) induces RXRA down-regulation and lipid accumulation in human liver cells, PLoS One 14 (11) (2019), e0224405.
S. Kim, et al., Tributyltin induces a transcriptional response without a brite adipocyte signature in adipocyte models, Arch. Toxicol. 92 (9) (2018) 2859-2874.
R. Gupta, et al., Endocrine disruption and obesity: a current review on environmental obesogens, Curr. Res. Green Sustain. Chem. 3 (2020) 100009.

Y. Ishihara, et al., Tributyltin induces oxidative stress and neuronal injury by inhibiting glutathione S-transferase in rat organotypic hippocampal slice cultures,
Neurochem. Int. 60 (8) (2012) 782-790.

1. Ferraz da Silva, et al., Organotins in neuronal damage, brain function, and behavior: a short review, Front. Endocrinol. 8 (2018) 366.

Y. Nakatsu, et al., Activation of AMP-activated protein kinase by tributyltin induces neuronal cell death, Toxicol. Appl. Pharmacol. 230 (3) (2008) 358-363.
M.M. Onakpa, A.A. Njan, O.C. Kalu, A review of heavy metal contamination of food crops in Nigeria, Ann. Global Health 84 (3) (2018) 488.

J.G. Lee, et al., Effects of food processing methods on migration of heavy metals to food, Appl. Biol. Chem. 62 (1) (2019) 1-10.

C. Luo, et al., Comparison of the health risks associated with exposure to toxic metals and metalloids following consumption of freshwater catches in China,
Qual. Assur. Saf. Crops Foods 14 (4) (2022) 1-12.

Z. Ameri, et al., Optimizing modified rice bran for treating aqueous solutions polluted by Cr (VI) ions: isotherm and kinetics analyses, Qual. Assur. Saf. Crops
Foods 13 (SP1) (2021) 1-11.

D. Witkowska, J. Stowik, K. Chilicka, Heavy metals and human health: possible exposure pathways and the competition for protein binding sites, Molecules 26
(19) (2021) 6060.

R. Mehrandish, A. Rahimian, A. Shahriary, Heavy metals detoxification: a review of herbal compounds for chelation therapy in heavy metals toxicity,

J. Herbmed Pharmacol. 8 (2) (2019) 69-77.

L. Gao, et al., Concentrations and health risk assessment of 24 residual heavy metals in Chinese mitten crab (Eriocheir sinensis), Qual. Assur. Saf. Crops Foods
14 (1) (2022) 82-91.

A. Zoghi, et al., Effect of pretreatments on bioremoval of metals and subsequent exposure to simulated gastrointestinal conditions, Qual. Assur. Saf. Crops
Foods 14 (3) (2022) 145-155.

S. Cai, B. Zeng, C. Li, Potential health risk assessment of metals in the muscle of seven wild fish species from the Wujiangdu reservoir, China, Qual. Assur. Saf.
Crops Foods 15 (1) (2023) 73-83.

G.A. Engwa, et al., Mechanism and health effects of heavy metal toxicity in humans, in: Poisoning in the Modern World-new tricks for an Old Dog, vol. 10,
2019, pp. 70-90.

L. Hu, et al., Effects of inorganic and organic selenium intervention on resistance of radish to arsenic stress, Ital. J. Food Sci. 34 (1) (2022) 44-58.

J.K. Nduka, H.I. Kelle, 1.O. Odiba, Review of health hazards and toxicological effects of constituents of cosmetics, in: Poisoning in the Modern World-New
Tricks for an Old Dog?, IntechOpen, 2019.

S. Martin, W. Griswold, Human health effects of heavy metals, Environ. Sci. Technol. Briefs Citiz. 15 (2009) 1-6.

M. Jaishankar, et al., Toxicity, mechanism and health effects of some heavy metals, Interdiscipl. Toxicol. 7 (2) (2014) 60.

P. Mandal, An insight of environmental contamination of arsenic on animal health, Emerg. Contam. 3 (1) (2017) 17-22.

S. Morais, F.G. Costa, M.d.L. Pereira, Heavy metals and human health, Environ. Health-Emerg. Issues Pract. 10 (1) (2012) 227-245.

R.N. Ratnaike, Acute and chronic arsenic toxicity, Postgrad. Med. 79 (933) (2003) 391-396.

EPA, Drinking Water Requirements for States and Public Water Systems, Final Rule for Arsenic in Drinking Water, 2001. https://www.epa.gov/dwreginfo/
drinking-water-arsenic-rule-history.

O. Munoz, et al., Arsenic, cadmium, mercury, sodium, and potassium concentrations in common foods and estimated daily intake of the population in Valdivia
(Chile) using a total diet study, Food Chem. Toxicol. 109 (2017) 1125-1134.

H. Mochizuki, et al., Peripheral neuropathy induced by drinking water contaminated with low-dose arsenic in Myanmar, Environ. Health Prev. Med. 24 (1)
(2019) 1-10.

K.S.M. Abdul, et al., Arsenic and human health effects: a review, Environ. Toxicol. Pharmacol. 40 (3) (2015) 828-846.

H. Mochizuki, Arsenic neurotoxicity in humans, Int. J. Mol. Sci. 20 (14) (2019) 3418.

N. Eskut, A. Koskderelioglu, Neurotoxic agents and peripheral neuropathy, in: Neurotoxicity-New Advances, IntechOpen, 2021.

0. Udagawa, et al., Arsenic exposure and reproductive toxicity, in: Arsenic Contamination in Asia, Springer, 2019, pp. 29-42.

Y.J. Kim, J.M. Kim, Arsenic toxicity in male reproduction and development, Dev. Reprod. 19 (4) (2015) 167.

N. Pant, et al., Male reproductive effect of arsenic in mice, Biometals 14 (2) (2001) 113-117.

D. Gandhi, R. Kumar, Arsenic toxicity and neurobehaviors: a review, Innov. Pharm. Pharmacother. 1 (1) (2013) 1-15.

M.M. Shahid, et al., Thyroid disorders in arsenic prevalent area in Bangladesh, Thyroid Res. Pract. 18 (1) (2021) 19.

D.L. Palazzolo, K.P. Jansen, The minimal arsenic concentration required to inhibit the activity of thyroid peroxidase activity in vitro, Biol. Trace Elem. Res. 126
(1) (2008) 49-55.

1.C. Nettore, P.E. Macchia, Thyroid Toxicity, 2016, p. 69.

Y.-Y. Cheng, et al., Associations between arsenic in drinking water and the progression of chronic kidney disease: a nationwide study in Taiwan, J. Hazard
Mater. 321 (2017) 432-439.

34


https://doi.org/10.1289/ehp.00108219
https://doi.org/10.11648/j.ajbio.s.2016040301.13
https://doi.org/10.1300/J096v12n01_03
https://doi.org/10.1016/j.lfs.2015.11.006
https://doi.org/10.1016/j.envint.2007.09.005
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref256
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref256
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref257
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref257
https://doi.org/10.1007/978-1-4419-9860-6-2
https://doi.org/10.1007/978-1-4419-9860-6-2
https://doi.org/10.1016/j.ibiod.2010.05.007
https://doi.org/10.1016/S0378-4274(01)00451-9
https://doi.org/10.1016/S0378-4274(01)00451-9
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref261
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref262
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref263
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref263
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref264
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref264
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref265
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref265
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref266
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref267
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref268
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref269
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref270
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref270
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref271
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref272
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref273
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref274
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref275
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref275
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref276
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref276
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref277
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref277
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref278
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref278
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref279
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref279
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref280
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref280
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref281
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref281
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref282
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref282
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref283
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref284
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref284
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref285
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref286
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref287
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref288
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref289
https://www.epa.gov/dwreginfo/drinking-water-arsenic-rule-history
https://www.epa.gov/dwreginfo/drinking-water-arsenic-rule-history
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref291
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref291
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref292
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref292
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref293
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref294
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref295
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref296
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref297
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref298
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref299
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref300
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref301
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref301
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref302
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref303
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref303

L. Peivasteh-roudsari et al. Heliyon 9 (2023) 18140

[328]
[329]

[330]
[331]
[332]
[333]
[334]
[335]
[336]
[337]
[338]
[339]
[340]
[341]
[342]

[343]
[344]
[345]
[346]
[347]

[348]
[349]
[350]
[351]

[352]
[353]
[354]
[355]

[356]
[357]
[358]

[359]
[360]

[361]
[362]

[363]
[364]

[365]
[366]
[367]
[368]

[369]
[370]
[371]

[372]
[373]
[374]
[375]
[376]

[377]
[378]

[379]
[380]
[381]
[382]
[383]

[384]
[385]

[386]

Y.-Y. Cheng, H.-R. Guo, Associations between Arsenic in Drinking Water and the Occurrence of Chronic Kidney Disease: A Nationwide Population-Based Study
in Taiwan, 2016.

M.P. Waalkes, et al., Animal models for arsenic carcinogenesis: inorganic arsenic is a transplacental carcinogen in mice, Toxicol. Appl. Pharmacol. 198 (3)
(2004) 377-384.

A. Santra, Arsenic-induced Liver Injury, in Handbook of Arsenic Toxicology, Elsevier, 2015, pp. 315-334.

J. Liu, M.P. Waalkes, Liver is a target of arsenic carcinogenesis, Toxicol. Sci. 105 (1) (2008) 24-32.

A.V. Valappil, A. Mammen, Subacute arsenic neuropathy: clinical and electrophysiological observations, J. Neurosci. Rural Pract. 10 (3) (2019) 529-532.
D. Raj, S.K. Maiti, Sources, toxicity, and remediation of mercury: an essence review, Environ. Monit. Assess. 191 (9) (2019) 1-22.

M. Balali-Mood, et al., Toxic mechanisms of five heavy metals: mercury, lead, chromium, cadmium, and arsenic, Front. Pharmacol. 12 (2021) 643972.
S.T. Zulaikhah, J. Wahyuwibowo, A.A. Pratama, Mercury and its effect on human health: a review of the literature, Int. J. Publ. Health 9 (2) (2020) 103-114.
W. Crowe, et al., Mercury as an environmental stimulus in the development of autoimmunity-a systematic review, Autoimmun. Rev. 16 (1) (2017) 72-80.
M.C. Henriques, et al., Exposure to mercury and human reproductive health: a systematic review, Reprod. Toxicol. 85 (2019) 93-103.

P. Lentini, et al., Kidney and heavy metals-The role of environmental exposure, Mol. Med. Rep. 15 (5) (2017) 3413-3419.

R.K. Zalups, Molecular interactions with mercury in the kidney, Pharmacol. Rev. 52 (1) (2000) 113-144.

W.-T. Tsai, Multimedia pollution prevention of mercury-containing waste and articles: case study in Taiwan, Sustainability 14 (3) (2022) 1557.

A. Yutani, et al., Survey of total mercury content in fishery products. Shokuhin eiseigaku zasshi, J. Food Hyg. Soc. Jpn. 63 (2) (2022) 85-91.

C.Y. Ung, et al., Mercury-induced hepatotoxicity in zebrafish: in vivo mechanistic insights from transcriptome analysis, phenotype anchoring and targeted gene
expression validation, BMC Genom. 11 (1) (2010) 1-14.

B. Georgescu, et al., Heavy metals acting as endocrine disrupters, Sci. Pap. Anim. Sci. Biotechnol. 44 (2) (2011) 89-93.

G. Bjorklund, et al., Mercury exposure and its effects on fertility and pregnancy outcome, Basic Clin. Pharmacol. Toxicol. 125 (4) (2019) 317-327.

S.W. Tan, J.C. Meiller, K.R. Mahaffey, The endocrine effects of mercury in humans and wildlife, Crit. Rev. Toxicol. 39 (3) (2009) 228-269.

E.K.R.d. Queiroz, W. Waissmann, Occupational exposure and effects on the male reproductive system, Cad. Satide Piblica 22 (2006) 485-493.

R. Pamphlett, P.A. Doble, D.P. Bishop, Mercury in the human thyroid gland: potential implications for thyroid cancer, autoimmune thyroiditis, and
hypothyroidism, PLoS One 16 (2) (2021), e0246748.

R.A. Bernhoft, Mercury toxicity and treatment: a review of the literature, J. Environ. Publ. Health (2012) 2012.

M.H. Hazelhoff, A.M. Torres, Gender differences in mercury-induced hepatotoxicity: potential mechanisms, Chemosphere 202 (2018) 330-338.

W.R. Garcia-Nino, J. Pedraza-Chaverri, Protective effect of curcumin against heavy metals-induced liver damage, Food Chem. Toxicol. 69 (2014) 182-201.
P. Hasanein, A. Emamjomeh, Beneficial effects of natural compounds on heavy metal-induced hepatotoxicity, in: Dietary Interventions in Liver Disease,
Elsevier, 2019, pp. 345-355.

G. Genchi, et al., The effects of cadmium toxicity, Int. J. Environ. Res. Publ. Health 17 (11) (2020) 3782.

M.R. Rahimzadeh, et al., Cadmium toxicity and treatment: an update, Casp. J. Int. Med. 8 (3) (2017) 135.

Z. Fu, S. Xi, The effects of heavy metals on human metabolism, Toxicol. Mech. Methods 30 (3) (2020) 167-176.

N.A.O. Alkharashi, et al., Cadmium triggers mitochondrial oxidative stress in human peripheral blood lymphocytes and monocytes: analysis using in vitro and
system toxicology approaches, J. Trace Elem. Med. Biol. 42 (2017) 117-128.

R.A. Bernhoft, Cadmium toxicity and treatment, Sci. World J. (2013) 2013.

S. Satarug, et al., Chronic exposure to low-level cadmium induced zinc-copper dysregulation, J. Trace Elem. Med. Biol. 46 (2018) 32-38.

M.M. Seif, et al., Hepato-renal protective effects of Egyptian purslane extract against experimental cadmium toxicity in rats with special emphasis on the
functional and histopathological changes, Toxicol Rep 6 (2019) 625-631.

J.J. Wirth, R.S. Mijal, Adverse effects of low level heavy metal exposure on male reproductive function, Syst. Biol. Reprod. Med. 56 (2) (2010) 147-167.
S. Jahan, et al., Comparative analysis of antioxidants against cadmium induced reproductive toxicity in adult male rats, Syst. Biol. Reprod. Med. 60 (1) (2014)
28-34.

D.-X. Xu, et al., The associations among semen quality, oxidative DNA damage in human spermatozoa and concentrations of cadmium, lead and selenium in
seminal plasma, Mutat. Res., Genet. Toxicol. Environ. Mutagen. 534 (1-2) (2003) 155-163.

B.O. Anyanwu, O.E. Orisakwe, Current mechanistic perspectives on male reproductive toxicity induced by heavy metals, J. Environ. Sci. Health, Part C 38 (3)
(2020) 204-244.

S.A. Jancic, B.Z. Stosic, Cadmium effects on the thyroid gland, Vitam. Horm. 94 (2014) 391-425.

B. Pilat-Marcinkiewicz, et al., Structure and function of thyroid follicular cells in female rats chronically exposed to cadmium, Bull.-Vet. Inst. Pulawy 47 (1)
(2003) 157-164.

G. Syeda Rubina, et al., Central Nervous System [CNS] Toxicity Caused by Metal Poisoning: Brain as a Target Organ, 2015.

M.F. Zafeer, et al., Cadmium-induced hepatotoxicity and its abrogation by thymoquinone, J. Biochem. Mol. Toxicol. 26 (5) (2012) 199-205.

S. Niture, et al., Role of autophagy in cadmium-induced hepatotoxicity and liver diseases, J. Toxicol. (2021) 2021.

C. Liu, et al., Cadmium induces acute liver injury by inhibiting Nrf2 and the role of NF-kB, NLRP3, and MAPKs signaling pathway, Int. J. Environ. Res. Publ.
Health 17 (1) (2020) 138.

L.D. Grant, Lead and Compounds. Environmental Toxicants: Human Exposures and Their Health Effects, 2020, pp. 627-675.

D.R. Ortega, et al., Cognitive impairment induced by lead exposure during lifespan: mechanisms of lead neurotoxicity, Toxics 9 (2) (2021).

M.S. Sankhla, K. Sharma, R. Kumar, Heavy metal causing neurotoxicity in human health. International Journal of Innovative Research in Science, Eng.
Technol. 6 (5) (2017).

A.H. Sani, M. Amanabo, Lead: a concise review of its toxicity, mechanism and health effect, GSC Biol. Pharm. Sci. 15 (1) (2021) 55-62.

G. Flora, D. Gupta, A. Tiwari, Toxicity of lead: a review with recent updates, Interdiscipl. Toxicol. 5 (2) (2012) 47.

D. Khan, et al., Lead-induced oxidative stress adversely affects health of the occupational workers, Toxicol. Ind. Health 24 (9) (2008) 611-618.

P. Massanyi, et al., Effects of cadmium, lead, and mercury on the structure and function of reproductive organs, Toxics 8 (4) (2020) 94.

J.A. Rameshbhai, S. Gopalkrishanan, Occupational and environmental exposure to lead and reproductive health impairment, Indian J. Publ. Health Res. Dev.
10 (11) (2019).

B. Dundar, et al., The effect of long-term low-dose lead exposure on thyroid function in adolescents, Environ. Res. 101 (1) (2006) 140-145.

A. Stojsavljevic, et al., Risk assessment of toxic and essential trace metals on the thyroid health at the tissue level: the significance of lead and selenium for
colloid goiter disease, Expos. Health 12 (2) (2020) 255-264.

A. Ara, J.A. Usmani, Lead toxicity: a review, Interdiscipl. Toxicol. 8 (2) (2015) 55.

M. Loghman-Adham, Renal effects of environmental and occupational lead exposure, Environ. Health Perspect. 105 (9) (1997) 928-939.

B.M. Jarrar, N.T. Taib, Histological and histochemical alterations in the liver induced by lead chronic toxicity, Saudi J. Biol. Sci. 19 (2) (2012) 203-210.
M. Pal, et al., Lead exposure in different organs of mammals and prevention by curcumin-nanocurcumin: a review, Biol. Trace Elem. Res. 168 (2) (2015)
380-391.

W. Whetsell, S. Sassa, A. Kappas, Porphyrin-heme biosynthesis in organotypic cultures of mouse dorsal root ganglia. Effects of heme and lead on porphyrin
synthesis and peripheral myelin, J. Clin. Invest. 74 (2) (1984) 600-607.

N.C. Papanikolaou, et al., Lead toxicity update. A brief review, Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 11 (10) (2005), RA329.

M. Stancheva, L. Makedonski, K. Peycheva, Determination of heavy metal concentrations of most consumed fish species from Bulgarian Black Sea coast, Bulg.
Chem. Commun. 46 (1) (2014) 195-203.

M. Boskabady, et al., The effect of environmental lead exposure on human health and the contribution of inflammatory mechanisms, a review, Environ. Int.
120 (2018) 404-420.

35


http://refhub.elsevier.com/S2405-8440(23)05348-3/sref304
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref304
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref305
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref305
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref306
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref307
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref308
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref309
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref310
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref311
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref312
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref313
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref314
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref315
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref316
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref317
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref318
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref318
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref319
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref320
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref321
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref322
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref323
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref323
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref324
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref325
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref326
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref327
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref327
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref328
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref329
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref330
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref331
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref331
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref332
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref333
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref334
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref334
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref335
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref336
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref336
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref337
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref337
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref338
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref338
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref339
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref340
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref340
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref341
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref342
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref343
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref344
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref344
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref345
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref346
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref347
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref347
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref348
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref349
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref350
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref351
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref352
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref352
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref353
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref354
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref354
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref355
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref356
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref357
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref358
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref358
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref359
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref359
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref360
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref361
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref361
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref362
http://refhub.elsevier.com/S2405-8440(23)05348-3/sref362

	Origin, dietary exposure, and toxicity of endocrine-disrupting food chemical contaminants: A comprehensive review
	1 Introduction
	2 Dioxins
	2.1 PCDDs and PCDFs
	2.2 TCDD
	2.3 Polybrominated dibenzo-p-dioxins and dibenzofurans (PBDDs/PBDFs)
	2.4 Polychlorinated biphenyls

	3 Bisphenol A
	4 Polybrominated diphenyl ethers (PBDEs)
	5 Phthalates
	6 Organochlorine pesticides (OCPs)
	7 Tributyltin (TBT)
	8 Heavy metals
	8.1 Arsenic (As)
	8.2 Mercury (Hg)
	8.3 Cadmium (Cd)
	8.4 Lead (Pb)

	9 Conclusions
	10 Limitations
	Author contribution statement
	Declaration of competing interest
	Abbreviations
	References


