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Abstract: Phthalates are esters of phthalic acid and aliphatic alcohols. It is widely used in everyday life, and can be 
used as a plasticizer, solvents and additives in many products, from food packaging to items of general use. Plastic 
materials are widely used in food industry and potentially can be source of phtalates in food. Phtalates can be present 
in food as a result of contamination of food. Phtalates in food, as a result of contamination of food or migration from 
packaging can jeopardiye human health. This work provides an overview of the presence of phthalates in food pack-
aging, its migration into food, as well as the negative impact on human health by consuming and inhaling them.
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INTRODUCTION
Phthalates are esters of phthalic acid and aliphatic alcohols. It is widely used in everyday life, and 

can be used as a plasticizer, solvents and additives in many products, from food packaging to items of gen-
eral use. High molecular weight phthalates, of which DEHP is the most common, are used as a plasticizer in 
food-grade plastic packaging material, while low molecular weight phthalates, as DEP and DnBP, are used 
as solvents and plasticizers in the production of items of general use. 

The use of plastic materials is generally present in the food industry, so they are used as packaging 
material for packaging fi nished products, and in the process of processing and production. Since phthalates 
are not chemically bounded to the PVC polymer, they migrate very easily from the packaging material to 
the food product, but migration can occur during the technological process of food production and process-
ing from plants in industrial facilities. Because of their lipophilic character, phthalates most often migrate 
to foods that are high in fat such as milk and dairy products, meat and meat products, fi sh, vegetable oils 
and fats.

Phthalates are, also, detected in food products that are not packed in packaging material containing 
phthalates, from which it can be concluded that the contamination of the product occurred due to environ-
mental pollution such as water, air, soil as well as due to widespread use and its disposal to landfi lls. 

Based on available scientifi c research, it has been proven that there is no bioaccumulation of phtha-
lates and their esters in the human body. Because of the increasing use of phthalate, as well as its presence 
in the environment there is a justifi ed concern for human health, especially because it leads to disorders in 
the reproductive and endocrine systems of human. Considering the high exposure of human to phthalates, 
the question of the justifi cation of the use of phthalates arises, both in food packaging and in items of gen-
eral use. This work provides an overview of the presence of phthalates in food packaging, its migration into 
food, as well as the negative impact on human health by consuming and inhaling them.
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DIVISION, PROPERTIES AND METHABOLISM OF PHTHALATES
Phthalates are compounds of synthetic origin that are most often added to plastics to improve their 

mechanical properties, especially softness, fl exibility and extensibility. As plasticizing additives, they are 
present in a number of items of general use, such as children’s toys, cosmetics, solvents and insecticides, 
food packaging, medical devices, transfusion accessories and home improvement products, as well as in 
technological processes in the food and similar industries. (David and associates, 2003; ATDSR, 2001; 
ATDSR, 2002; Heudorf and associates, 2007). According to their chemical composition, phthalates are 
esters of phthalic acid and aliphatic alcohols (diesters of phthalic acid). These are volatile liquids that are 
added to plastic to increase its mobility.

Phthalates are obtained by esterifi cation of phthalic anhydrides with long-chain alcohols (C7-C10) 
(Earls amd associates, 2003). If two ester groups are attached in the meta and para positions on the aromatic 
ring, they are called isophthalates or teraphthalates. In case the two ester groups are in the ortho position on 
the aromatic nucleus of 1,2-benzenedicarboxylic acid, they are called phthalic acid esters. The two alkaline 
groups may be similar or diff erent; they may be branched or unbranched; may contain aromatic substitutes, 
for example butyl benyl phthalate (BBP) or other functional groups (Croatian Food Agency, 2014)

FIGURE 1: General chemical structural formula of phthalate

The proportion of phthalate in a plastic product can be up to 45% of its total weight, depending 
on the type and purpose of the plastic product (Peakall, 1975; Brooke and associates, 1991; WHO, 1997; 
Bouma and Schakel, 2002). The most common DEHP that adds to plastics to provide elasticity and softness 
(Croatian Food Agency, 2014). Every year, about a million tons of phthalate are produced in Western Eu-
rope, where the most common are: di- (2-ethylhexyl) phthalate (DEHP), diisononyl phthalate (DiNP) and 
diisodecyl phthalate (DiDP) (Fierens and associates, 2012), di metli phthalate (DMP), di ethyl phthalate 
(DEP), di n butyl phthalate (DBP), butyl benzyl phthalate (BBP) and polyethylene ether phthalate (PET) 
which in addition to being used as an intermolecular lubricant tend to be excreted from the medium (Karen 
and Wright, 2006). 
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FIGURE 2: Structural formulas of phthalates (Frederiksen and associates, 2007)

Phthalates which have slightly short alkyl groups in their structure, such as methyl and butyl groups, 
have the feature of solubility in water, and phthalates with long alkyl chains or aromatic structures on the 
end chains are poorly soluble in water. High molecular weight phthalates, such as DEHP, are mainly used 
as a plasticizer in the production of PVC polyvinyl chloride, which is used in consumer products, such as 
food packaging (plastic packaging fi lm), medical devices, vinyl foils (ATSDR , 2002). Lower molecular 
weight phthalates, such as DEP and DnBP, are used as solvents and plasticizers for cellulose acetate, in the 
manufacture of varnishes, personal care products (e.g. perfumes, lotions), as well as medicine packaging 
(ATSDR, 1995, 2001) such as prolonged-release medications (Hauser and associates, 2004).

Because of its lipophilicity, the largest amount of phthalates is found in fatty foods, such as milk and 
dairy products, fi sh, meat, and vegetable oils (David and associates, 2003). If short alkyl groups such as e.g. 
methyl or ethyl group, are at the end of chains, the volatility of phthalates is stronger, so it is possible that 
we will inhale phthalates without even being aware of it, so in the cosmetics industry these compounds are 
used in the production of perfumes and fragrances.

Phthalates are not chemically bound to polymers, so they can migrate freely from packaging as well 
as during the production process into food, beverages and drinking water (Serôdio and Nogueira, 2006). 
Phthalate migration is accelerated by aging and cracking of plastic packaging or plastic parts used in the 
food and beverage production process (Harris and Sumpter, 2001). 

Since they are not chemically bound to plastic material, phthalates are easily washed away, evapo-
rate quickly into the air and easily migrate into food, beverages and drinking water, most often from pack-
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aging material, but other sources of food contamination with phthalates are also possible, e.g. from parts of 
the technological process of food production (European Chemical Bureau, 2008; European Union Council, 
2001; Balafas and associates, 1999; Chou and Wright, 2006). Thanks to this, phthalates contaminate the 
environment and the food chain and are now one of the ubiquitous environmental contaminants. As a result, 
the general population is extensively and continuously exposed to phthalates (Sioen and associates, 2012). 
Since its fi rst use as a plasticizer in 1930, phthalates have become one of the most widespread contaminants 
in the modern world. Unlike persistent organic pollutants such as organochlorine pesticides e.g. DDT, 
phthalates and its metabolites do not accumulate in the environment and have a short half-life in living 
organisms. Thus, monoester metabolites were detected in 90–100% of urine samples of men and women 
of the general population (Duty and associates, 2005a; Hoppin and associates, 2002; Kato and associates , 
2005; Swan and associates, 2005). 

One of the essential properties of phthalates, which determines their application, is the molecular 
weight. High molecular weight phthalates DEHP, DINP and DIDP are mainly used to soften PVC. Low mo-
lecular weight phthalates DEP, DBP and BBP have solvent function in consumer items (Cao XuL, 2010). 
They are mostly used in the cosmetic and pharmaceutical industries. DEP is used as an odor fi xative or 
carrier in the production of fragrances, perfumes and in prolonged-release medications. Among other low 
molecular weight phthalates, dimethyl phthalate (DMP) should be mentioned. DMP is most commonly 
used to stabilize and dilute organic peroxides during transport and storage (Clark and associates, 2011). 

Table 1: ProperƟ es of phthalates (Cao XuL, 2010)

Phthalates CAS number Formula Density (g/ml) Boiling point 
(oC)

Melting 
point (oC)

Water solubility 
(mg/l) at 25oC

DEHP (di-2-
ethylhexyl phthalate) 117-81-7 C24H38O4 0,985 384 -47 0,195

DBP (di-n-butyl
phthalate) 84-74-2 C16H22O4 1,043 340 -35 9,9

BBP (benzyl butyl
phthalate) 85-68-7 C16H22O4 1,119 370 -35 3,8

DINP (di-iso-
nonyl phthalate)

68515-48-0;
28553-12-0 C26H42O4 0,972 370 -50 3,08 x 10-4

DIDP (di-iso-
decyl phthalate)

68515-49-1;
26761-40-0 C28H46O4 0,966 400 -50 3,81 x 10-5

DNOP (di-n-octyl
phthalate) 117-84-0 C24H30O4 0,985 390 -25 2,49 x 10-3

DEP (diethyl
phthalate) 84-66-2 C12H14O4 1,232 295 -40,5 591

PHTHALATES IN FOOD PRODUCTS
Progress in the science of packaging materials in recent decades have led to the widespread and 

diverse use of plastics to provide cheaper, lighter, stronger, safer, more durable and versatile products and 
consumer goods that serve to improve quality of life. Plastics can be designed to keep food fresher for 
longer, and can provide therapeutic benefi ts through time-release medications and other medical applica-
tions (Andrady and Neal. 2009; Thompson and associates, 2009 a, b).

The presence of phthalates in food can be the result of their migration from packaging materials 
and objects in direct contact with food, and food contamination from the environment or food contamina-
tion caused during the production or processing process. The most commonly observed phthalate in food 
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is DEHP, which is not surprising given the fact that 50% of total annual phthalate production is DEHP 
(Wenzl, 2009). Phthalates identifi ed in food are mainly higher molecular weight phthalates such as DIDP, 
BBP and DIBP. The amount of phthalates that will migrate into food, and especially into fatty foods, will 
be greatly infl uenced by their initial concentration in the material, lipophilic character, temperature, storage 
and storage conditions, and the fat content in the food. Phthalates are not covalently bound within the PVC 
molecule, in principle similarly dissolve similarly, small amounts of fatty foods or oils are suffi  cient for 
complete extraction of lipophilic softeners into food. As the release of phthalates from PVC is mainly re-
lated to direct contact with fatty foods, manufacturers of packaging materials have changed the recipes. Di-
isononyl adipate (DINA) and di-2-ethylhexyl adipate (DEHA), which until recently were used as a substi-
tute for DEHP (Cao XuL, 2010), are slowly being replaced by citrates. The most commonly used citrate as a 
softener for PVC but also for other types of packaging materials in contact with fatty and non-fatty foods is 
acetyl tributyl citrate (ATBC). Except ATBC, there are a signifi cant number of other substitute softeners for 
phthalates, but there is insuffi  cient scientifi c evidence of their adverse eff ects on human health. Phthalates 
are most often present in multilayer packaging, while in smaller quantities they are found in varnishes and 
printing inks. Phthalates can be present in the coatings of dishes, utensils and food preparation equipment 
from which they can be released into food during thermal food preparation (Fierens and associates, 2012). 
Choosing the type of packaging in which a particular type of food will be packaged can reduce or increase 
the specifi c migration of phthalates.

Food products are contaminated with phthalates by unintended migration during the technological 
process of production, processing and packaging of fi nished products through packaging materials in which 
the fi nished products are packed. Fresh agricultural products contain minimal concentrations of phthalates. 
The total concentration of phthalate in fresh meat (muscle) and raw milk is 120 - 280 micrograms / kg, rare-
ly exceeding 500 micrograms / kg (Casajuana and Lacorte, 2004; Rhind and associates., 2005; Sharman and 
associates, 1994). Elevated phthalate values up to 53000 micrograms / kg have been detected in fi nished 
food products that are considered to be most likely contaminated during processing or in the packaging 
process (Castle and associates, 1989). Studies have shown an increase in DEHP from 80 micrograms / kg 
in fresh chicken meat to 13100 micrograms / kg after frying in a Tefl on-lined pan, and 16100 micrograms / 
kg after packaging (Tsumura and associates, 2001a). 

Hot fats and food products packed in PVC packaging, signifi cantly raise the level of phthalates. High 
temperatures and fatty hot food in contact with PVC products can cause high levels of phthalate contamina-
tion. Many of us buy and store cooking oil in plastic bottles, eat butter, margarine, cheese spreads from plastic 
containers and it never occurs to us to take in some foreign substances that “dissolve from plastic”. Phthalates 
are released especially quickly from plastic bottles that contain mineral water and carbonated drinks. Contami-
nation of the land with phthalates near the waste recycling site was also observed. So waste recycling places 
have become a threat to human health. The main pollutants found in the soil are DEHP and DnBP.

The plastic fi lm used in greenhouses has become another source of phthalate in food, with an el-
evated concentration of phthalate in vegetables ranging from 790 ± 630 to 3010 ± 2130 mg / kg on Nanjing 
agricultural land where vegetables are grown. Ma and associates, 2015).

EFSA (2005) reported a tolerant daily intake (TDI) of 50 μg / kg body weight for DEHP and 10 
μg / kg body weight for DnBP. A regulation issued by EFSA to prevent food contamination by phthalates 
considers that phthalate concentrations in food greater than or equal to a specifi c migration limit (SML) of 
300 μg / kg are high (Petersen and Jensen, 2010). Concentrations in food between 0 and 50 μg / kg were 
considered low, because in the opinion of EFSE, the migration in these concentrations refl ects the low ex-
posure potential. Concentrations between 50 and 300 μg / kg are marked as mean (Engel and associates, 
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2012). Thus, when classifying food, it is necessary to apply the criteria for average, and not for maximum 
measurements, so as not to misclassify food as food with a high phthalate concentration. To protect human 
health, the European Food Safety Authority (EFSA) has established a total daily intake (TDI) for some of 
these food-contaminating substances, in particular for DBP 0.01 mg / kg body weight, for BBP 0.5 mg / kg 
body weight, for DiNP and DiDP 0.15 mg / kg body weight, for DEHP 0.05 mg / kg body weight (EFSA, 
2005a, b, c, d, e). Due to toxicity and widespread use, European Regulation no. 10/2011 established a spe-
cifi c migration limit (SML) for DEHP of 1.5 mg / kg. 

Serrano and associates (2014) in their study compared the association of a group of foods with high 
(≥300 μg / kg) and low (<50 μg / kg) phthalate concentrations, as well as their relationship with the load 
they represent for the human body. Based on the data obtained in the study, they found high concentrations 
of DEHP in poultry meat, roasting oil and cream-based dairy products (≥300 μg / kg). Also, the presence 
of DEP in small concentrations in all food groups was determined. According to the data of this research, 
epidemiological studies have shown a positive connection between the consumption of meat, fat, dairy 
products and DEHP. The estimated DEHP exposure based on typical diet was 5.7; 8.1 and 42.1 μg / kg per 
day for women of reproductive age, adolescents and newborns, with dairy products as the largest source 
of exposure. A diet rich in meat and milk resulted in a twofold increase in exposure. Estimates for infants 
based on a typical diet exceeded the Environmental Protection Agency’s reference values of 20 μg / kg per 
day, while a diet rich in milk and meat in adolescents also exceeded this threshold.

Fierens and associates (2012) investigated the eff ect of cooking (cooking, steaming, frying or grill-
ing) at home on the level of phthalates in diff erent types of food (starch products, vegetables, meat and 
fi sh). In general, phthalate concentrations in food were reduced after cooking, except in vegetables, where 
there were almost no changes. DEHP, which was present in all raw foods, decreased to 65.4% after cook-
ing. Sioen and associates (2012) in their study, found cooked food in kindergartens and primary schools has 
a higher concentration of DEHP and DBP after packaging in aluminum-lined polyethylene containers and 
stored in warm electric isothermal serving carts compared to before, which implies migration from packag-
ing (Cirrilo and associates, 2011). The infl uence of cooking and heating in phthalate-containing contain-
ers must be taken into account when calculating the exposure assessment in order to determine the exact 
phthalate content in food directly consumed. Also, it is necessary to determine the diff erence between food 
products when calculating daily intakes (milk, meat, cereals), and take into account which of the products 
are most exposed to phthalates, this is especially important when making dietary recommendations for 
foods with high phthalate exposure that should be avoided.

PLASTIC WRAPPING
Today’s way of life is diffi  cult to imagine without the use of plastic products, which, as such, ac-

company a person throughout his life, starting from birth (Brooke and associates, 1991; WHO, 1997; Pe-
terson and Breindahl, 2000).

Food packaging is very important for storing food at diff erent temperatures, prolongs the shelf 
life of the food product itself, and also protects foods from natural agents such as air, which can reduce or 
change the quality of the product itself. In practice, plastic is used as a safe and suitable packaging for pri-
mary food packaging. There are several diff erent types of plastics, each of thoose has unique properties and 
applications in the food sector, e.g. polycarbonate, high and low density polyethylene, styrene, polypropyl-
ene. Plastic packaging is made of various polymers, and additives are used to improve elasticity, fl exibility, 
color, resistance, durability, etc. Both plastics and additives can migrate over time from packaging to food 
or beverages as a result of increased product temperatures or mechanical stress. 
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According to Cao (2010) research, phthalates can migrate into foods made from PVC materials, 
such as pipes commonly used in the milking process, lid seals, food packaging foils, gloves used in food 
preparation, and conveyor belts. Phthalals are also found in printing inks and adhesives on food wrappers, 
as well as container coatings used in food packaging (NTP-CERHR, 2003; Indirect food additives, 2014). 
In the United States, phthalates are approved by the Food and Drug Administration (FDA) as plasticizers in 
food packaging and food contact materials used during processing and storage, while the European Com-
mission and Chinese authorities have restricted phthalates in contact with food (Petersen and Jensen, 2008). 
There may be large variability in phthalate concentrations in food groups depending on the food production 
process, processing process, presence and type of packaging, and lipid content (Wittassek and associates, 
2011; Schecter and associates, 2013). The assessment of phthalate exposure in food has become a topic of 
great interest given the importance of the dietary pathway and the health impacts associated with specifi c 
phthalate species found in food.

Increased phthalate content has been reported in drinking water packaged in polyethylene bottles 
(Criado and associates, 2005). The results of the research (Bošnir and associates, 2007) show that the values 
of phthalate migration from plastic packaging into soft drinks are many times higher (5 to 40 times) than 
the migration of phthalate from the same packaging into mineral water. As one of the possible reasons, 
the authors state a diff erence in pH value that is less than 3 in soft drinks and greater than 5 in all mineral 
waters (Jurica and associates, 2013). The World Health Organization has defi ned the maximum permissible 
concentration of the most used phthalate DEHP in drinking water and it is 8 micrograms / l (WHO, 2011).

Polyvinyl chloride (PVC) polymer without the addition of softener would be very heavy, brittle and 
practically useless for technical application, so that with the addition of softener it becomes fl exible and 
elastic. Softeners are mostly added to polymers used in the food industry. These are foils for wrapping food 
and the like. Contamination of food with softeners can occur. The best known softeners to be added are high 
molecular weight phthalates, such as butylbenzyl phthalate (BBzP), di-2-ethylhexyl phthalate (DEHP) and 
di-n-octyl phthalate (DnOP) used as plasticizers in PVC materials, such as are food packaging and medical 
products. In recent years, di-nonyl phthalate (DiNP) and di-decyl phthalate (DiDP) have increasingly re-
placed DEHP in these products (Zotta and associates, 2014). Due to non-covalent bonds between phthalates 
and their parent substances, there can be signifi cant migration of phthalates not only into the food product 
but also into the environment which can lead to environmental pollution and thus ubiquitous exposure in 
the population. 

Castle and associates (1988a) proposed two ways to reduce the migration of phthalates from PVC 
food fi lms:

• production of thinner fi lms with a reduced level of DEHA that is normally present in PVC fi lms
• partial or complete replacement of DEHA with higher molecular weight plasticizers. 
The migration of plasticizers from DEHA-coated PVC packaging fi lms increases with prolonged 

contact time between the food product and the PVC packaging fi lm (Down and Gilbert, 1977). It was ob-
served that when using thinner PVC fi lms containing 13.3% DEHA compared to conventional PVC fi lm 
with 18.30% there was a decrease in the level of DEHA migration from 41% to 53%. The migration level 
of plasticizer from PVC foil with 23% plasticizer was 3 to 21 times lower than the level of DEHA migrat-
ing from conventional PVC fi lm with 18% DEHA. Also, DEP was detected in baked food products, which 
were packed in cardboard boxes with cellulose-acetate openings plasticized with 16 to 17% DEP, where 
DEP is present in the product in the range of 1.7 to 4.5 mg / kg. From which it can be concluded that DEP 
evaporated, and thus DEP migrated into food, although there was no direct contact of DEP with food.

Tsumura and associates (2001b) investigated the contamination of food with phthalates derived 
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from PVC gloves in retail outlets serving ready-to-eat foods. PVC gloves used in food preparation contain 
up to 41% DEHP, 60.2% DEHA, 74.8% DiNO, 27.9% BBzP. They came to the conclusion that the level of 
phthalates in ready meals (in contact with PVC gloves) was increased in relation to the raw materials from 
which the fi nished dish was prepared (not yet in contact with PVC gloves). The authors also noted lower 
phthalate levels in ready meals in which PVC gloves were not used in the preparation.

Diff erent plasticizers such as epoxidized soybean oil (ESBO), phthalates, adipates, etc. can be used 
as PVC sealants in diff erent countries. In order to reduce the migration of plasticizers from PVC lid seal-
ants into foods, especially fatty foods, the use of polyadipates as high molecular weight plasticizers was in-
vestigated (Biedermannand associates, 2008). Although polyadipates have been used successfully as PVC 
interrogators, they are not easy to work with because they create a viscous plastisol that makes it diffi  cult to 
place a uniform ring in the lid, so viscose plastisol needs to be diluted with less viscous plasticizers (Castle 
and associates, 1988a). The results of the research showed that the migration of polyladipates was below 
the legal limits in 11 foods that were stored for two years in packaging containing polyadipates. Thus, di 
(2-ethylhexyl) terephthalate (DEHT) is used as a new plasticizer in Canada, as a substitute for DEHP in 
PVC sealants used to close beverage bottles (Parent, 2009), indicating a declining trend in the use of DEHP 
in packaging materials in food products in North America.

Polystyrene (PS) is a styrene polymer that in its pure state is a hard, colorless plastic with limited fl ex-
ibility. It can be poured into molds with fi ne details and thus used for packaging yogurt and dairy products. 
The packaging for the yoghurt packaging contained traces of DMP, but also high amounts of DEHA. These 
compounds can migrate into fatty foods at high temperatures during production. On the other hand, expanded 
polystyrene can be used as a base for packaging meat, fi sh, cheese, fruit and the like. Polystyrene substrates 
can release some compounds such as DMP, DEHP, OP, NP and DEHA (Fasano and associates, 2012). 

PET is a product formed by the reaction of terephthalic acid and ethylene glycol. Because of the 
properties such as strength and clarity, this polymer is used for the production of PET bottles for water 
packaging, soft drinks and other food products. Comonomers such as isophthalic acid and dimethyl tereph-
thalate can be used to produce polymers that provide thicker-walled PET bottles, which allows them to be 
used for packaging large-volume liquids (Park and associates, 2008). Due to incomplete reaction, residues 
of monomers (terephthalic acid, ethylene glycol, isophthalic acid, dimethyl terephthalate) in the polymer 
can migrate from PET packaging to food. PET degradation products (e.g., terephthalate) and polymeric ad-
ditives such as Tinuvin P or Tinuvin 234 can migrate into food (Monteiro and associates, 1999; Begley and 
associates, 2004; Choodum and associates, 2007). Due to the name “phthalate” in the name of the polymer, 
it gives the wrong impression that phthalates and DEHA can be migrated from PET packaging to food 
(Biscard and associates, 2003; Farhoodi and associates, 2008; Montuori and associates, 2008). It should be 
emphasized that PET polymers have no chemical or physical bonds with phthalates, even their chemical 
structures are diff erent. Phthalates are esters of orthophthalic acid, while paraphthalic acid (terephthalic 
acid) or metaphthalic acid (isophthalic acid) is used to produce PET polymers. Unlike PVC packaging, 
which needs to be plasticized with phthalates in order to be more fl exible, PET packaging should be as 
strong and rigid as possible, for that reason it is important to emphasize that phthalates are not used in the 
production of PET polymers. 

Plasticizers, such as DBP, DCHP and DEHP are ingredients in printing inks (2-8%) for food pack-
aging, and are used to improve the adhesion of paint to the packaging surface, fl exibility and resistance to 
crease formation (Castle and associates, 1988). Regardless of the fact that the ink is on the outside of food 
packaging (fi lm, cardboard), it can be one of the sources of phthalates in food. The ink used to print dec-
larations on confectionery and snack products is one source of phthalate contamination of these products 
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(Castle and associates, 1989). Confectionery and snack products were stored for 90 to 180 days at 20 ℃ 
in polypropylene packaging with printing ink. Considering propylene itself does not contain plasticizers, 
the migration of plasticizers into food came from the printing ink on the packaging. Castle and co-workers 
found in their research that there was an increase in DBP migration from 0.2 to 6.7 mg / kg over a period 
of 180 days. The presence of one or more plasticizers has been observed in a number of confectionery and 
snack products packaged in printed polypropylene packaging. Balafas and associates (1999) discovered 
the presence of phthalates and adipates in food products packaged in printed PE materials, which led to the 
conclusion that printing inks are the ultimate source of food contamination. To solve these problems, new 
technologies are being introduced where packaging material manufacturers are focusing on minimizing the 
use of ink and introducing new ink curing techniques such as fast UV systems that reduce ink evaporation. 
Phthalates were also detected in food packaged in paper and cardboard packaging, e.g., the level of DiBP 
and DBP in sugar packaged in paper packaging (packaging contains 95 - 98 mg / kg DiBP and 56 - 64 mg / 
kg DBP) after storage at room temperature after 4 months it was 2.2 - 2.6 mg / kg DiBP, or 0.50 - 1.00 mg / 
kg. The main source of phthalates in paper and cardboard packaging was from printing inks and adhesives. 
Also, if recycled materials are used to make paper and cardboard packaging, phthalates may be transferred 
from the ink and glue if the ink and glue have not been completely removed during the recycling process.

PVC pipes are commonly used in the process of milking and transferring milk between tanks and 
reservoirs in dairy farms and milk processing plants. Phthalates are used as plasticizers that give PVC pipes 
fl exibility, of which DEHP is used the most with as much as 40% in pipes (Ruuska and associates, 1987; 
Tsumura and associates, 2002a). Because they are not chemically bound to the polymer, plasticizers can 
migrate from PVC pipes to milk, especially at higher temperatures during the milking process. In dairy 
products, more than 80% of the total phthalate concentration, found in an amount of 50 to 200 micrograms 
/ kg, may come from milking equipment (Casajuana and Lacorte, 2004; Castle and associates, 1990). Ad-
ditional processing, packaging, and condensation can lead to a 5 to 100-fold increase in DEHP concentra-
tion in dairy products, such as cheese and cream (Casajuana and Lacorte, 2004; Mortensen and associates, 
2005; Petersen, 1991; Sharman and associates , 1994). Due to concern for human health, some countries 
have banned the use of DEHP in the production of PVC pipes for milking, e.g. Denmark banned the use of 
DEHP in the production of milking tubes in 1989, while in Norway DEHP is replaced by other plasticizers 
in the production of milking tubes (Petersen, 1991). The UK uses plasticizer-free pipes, except in the center 
of gravity between tankers and tanks where DiDP-coated PVC pipes are used rather than DEHP (Castle and 
associates, 1990). In their study, Feng and associates (2005) found that the level of DEHP in cow’s milk col-
lected using PVC tubes plasticized with 28% DEHP ranged from 111.7 to 282.9 ng / g, which is on average 
15 times more than milk hand-collected without the use of PVC pipes (8.4 to 23.7 ng / g), indicating that 
migration from PVC pipes could be a major source of DEHP in milk and dairy products . The increase in 
the concentration of DEHP to 11000 micrograms / kg in food products can also be attributed to rinsing from 
PVC gloves used during food preparation (Tsumura and associates, 2001a; Tsumura and associates, 2001b).

Food that is prepared by heating in microwave ovens can be contaminated with phthalates, so that 
heating facilitates the migration of phthalates from the packaging material in which the food is packaged to 
the food product. In the case of food products packed in cardboard boxes with cellulose acetate windows 
plasticized with 16 - 17% DEP, the presence of DEP in the range of 1.70 to 4.5 mg / kg was detected during 
heating. It is concluded that there is a possibility that DEP has evaporated from the fi lm to the food without 
direct contact of the food packaging (Cao, 2010). 
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HEALTH IMPACT
Phthalates, in addition to aff ecting the organoleptic properties of food (Wagner and Oehlmann, 

2009), are considered by many to be endocrine distortions (EDs), and aff ect the human reproductive system 
and may have a carcinogenic eff ect on the human body. In the public, phthalates have been associated with 
adverse health eff ects, particularly with regard to early life exposure (Serranoand associates, 2014). 

The main source of exposure of the human body to phthalates is the consumption of food that is 
contaminated during production, processing and packaging. Other important sources of exposure include 
inhalation of contaminated air, unintentional inhalation of dust, and the use of general use items such as 
personal care products and cosmetics (Koo and Lee, 2004; Kavlock and associates, 2006). So we can con-
clude that human exposure to phthalates can be oral (by consuming food and water), inhalation (by inhaling 
dust particles) and dermal (using cosmetic products and personal hygiene products). Exposure of the human 
body to phthalates through food is mainly possible through the accumulation of phthalates in the food chain 
and the use of PVC in food packaging (Chai and associates, 2008; Li and associates, 2012; Spillmann and 
associates, 2009; Wormuth and associates, 2006 ). 

Because DEHP is a lipophilic molecule, it dissolves immediately in whole blood, plasma, plate-
let concentrate, lipid-containing infusion solutions, parenteral solutions, or other substances that dissolve 
intravenous drugs. This is the reason for phthalate exposure to medical procedures such as: hemodialysis, 
whole blood, platelet or plasma transfusion, extracorporeal membrane oxygenation, cardiopulmonary by-
pass, intravenous infusion solutions, enteral and parenteral nutrition (Vidić, 2008). 

In humans, phthalates e.g. DEHP, are intensively hydrolyzed to monoesters, then further metabo-
lized by enzymatic oxidation of the alkyl chain to more hydrophilic metabolites (MEHP), which are further 
oxidized to mono-2-ethyl-5-hydroxyhexyl phthalate (MEHHP, 5OH-MEHP) and mono- 2-ethyl-5-oxohex-
yl phthalate (MEOHP). In contrast, monoethyl phthalate (MEP), the DEP hydrolysis monoester, is mainly 
excreted in its free form (Gomez and Gallart, 2018).

The major metabolite of DEHP, mono-2-ethylhexyl phthalate, is excreted in the urine along with 
urine and faeces, unchanged or conjugated as glucuronide (Itoh and associates, 2005) but has been detected 
in breast serum and breast milk (Ghisari and Bonefeld-Jorgensen , 2009; Albro and Lavenhar, 1989; Koch 
and associates, 2005; Frederiksen and associates, 2007; Gomez and Gallart, 2018). After exposure, phtha-
lates are rapidly metabolized and excreted in urine and feces (ATSDR 1995, 2001, 2002). 

 
FIGURE 3: DEHP metabolism in the human body (Hauser R., Calafat A.M., 2005)
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The most common approach to researching human exposure to phthalates is to measure urinary con-
centrations (biomarkers) of phthalate metabolites such as mono-ethyl phthalate (MEP), mono-2-ethylhexyl 
phthalate (MEHP), mono-butyl phthalate (MBP) and mono-benzyl phthalate. (MBzP). Two oxidative me-
tabolites of DEHP, mono- (2-ethyl-5-hydroxylhexyl) phthalate (MEHHP) and mono- (2-ethyl-5-oxohexyl) 
phthalate (MEOHP) were present in most subjects at urinary concentrations higher than those in MEHP , 
which is a hydrolytic metabolite of DEHP (CDC 2005). 

The metabolites DMP, DEP, DiBP, DnBP, BBzp, DEHP, DiNP, and DiDP have been identifi ed as 
biomarkers of current human exposure to phthalates (Latini and associates, 2005).

TABLE 2: Phthalates and their metabolites (Serrano and associates, 2014)

NAME OF PHTHALATE CODE URINARY METABOTYL CODE

Dimethyl phthalate DMP Mono-n-methyl phthalate MmMP

Diethyl phthalate DEP Mono-ethyl phthalate MEP

Di-isobutyl phthalate DiBP Mono-isobutyl phthalate MiBP

Di-n-butyl phthalate DnBP Mono-n-butyl phthalate MnBP

Di-n-octyl phthalate DnOP Mono- (3-carboxypropyl) phthalate MCPP

Di-n-isononyl phthalate DiNP Mono-carboxyoctyl phthalate MCOP

Di-n-isodecyl phthalate DiDP Mono-carboxynonyl phthalate MCNP

Benzylbutyl phthalate BzBP Mono-benzyl phthalate MBzP

Di-2-ethylhexyl phthalate DEHP Mono-2-etilheksil ftalat MEHP

Mono- (2-ethyl-5-hydroxyhexyl) phthalate MEHHP

Mono- (2-ethyl-5-oxyhexyl) phthalate MEOHP

Mono-(2-etil-5-karboksipentil) ftalat MECPP

Koch and associates (2013) monitored urinary phthalate excretion in individuals who fasted for 
48 hours, found that diet was the most important route of DEHP, DiNP, and DiDP exposure, while DMP, 
DEP, DiBP, DnBP, and BBzP were primarily associated with exposure to other items of general use and 
surroundings. 

Phthalates have also been identifi ed in the placenta, and their presence has also been found in breast 
milk. From which it can be concluded that fetal exposure is directly related to maternal exposure to phtha-
lates (Latini and associates, 2003; Lin and associates, 2008). Increased concentration of metabolites DEP, 
DiBP, DnBP, DEHP in the mother also aff ects the shortening of anogenital gap (AGD) in male newborns, a 
marker of andorgenization (Swan and associates , 2005; Swan, 2008). Prenatal exposure to phthalates has 
been associated with changes in labor time, neonatal hormone levels, and mental behavior in children and 
infants (Sathyanarayana, 2008). 

In the adult population, various epidemiological studies support an association between phthalate 
exposure and testicular markers in men, particularly with reduced semen quality (Joensen and associates, 
2012). Some phthalates act as antiandrogens and can seriously disrupt the development of the male repro-
ductive system, although details of the mechanism are still incomplete. Toxicity of some phthalates to testes 
and ovaries, including DEHP, is due in part to interference with follicle-stimulating hormone (FSH) func-
tion at the level of sertoli cells in the testis and granulosa cells in the ovary. Some phthalates are weak es-
trogens, as evidenced by binding to estrogen receptors (WHO, 2012). Phthalates are considered endocrine 
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distortions due to their complex eff ects on several hormonal systems, including the estrogenic androgenic 
system. Some phthalates, including BBP and DBP, act as weak estrogens in cell culture systems. They can 
bind to estrogen receptors, elicit estrogen-appropriate cellular responses, and act as an adjunct to natural 
estrogen, estradiol, in altering these systems (Joblind and associates, 1995; Kang and associates, 2005). 
Phthalates also bind less to androgen receptors, disrupting cellular activities that are otherwise initiated by 
androgens (Borch and associates, 2006). DBP, DiBP, and BBP bind most strongly to androgen receptors, 
and could therefore be expected to act most extensively through this cellular pathway (Fang and associates, 
2003). In addition to their direct eff ects prescribed through interactions with steroid hormone receptors, 
phthalates can also cause proliferation, malignant invasions, and breast tumor formation in carcinogenic 
cell cultures that have low hormone defi ciency or defi ciency, indicating that at least some eff ects of these 
compounds are independent of their direct estrogenic or androgenic eff ects (Hsieh and associates, 2012). 

Stahlhut and associates (2007) link endometriosis in women with high levels of phthalate metabo-
lites. Cobellis and associates (2003) published a study examining the association between DEHP levels 
in plasma, peritoneal fl uid, and endometriosis. Plasma samples were obtained the day before surgery or 
immediately before anesthesia for laparoscopy. Peritoneal fl uid was obtained during laparoscopy. Concen-
trations of DEHP and MEHP in plasma and peritoneal fl uid were measured using HPLC-UV. The results 
showed that women with endometriosis show higher plasma DEHP concentrations. An association between 
plasma DEHP concentration and endometriosis was observed, suggesting a possible role of phthalate esters 
in disease development. 

Duty and associates (2005) examined the relationship between urinary phthalate levels, sperm qual-
ity and phthalate exposure, as well as reproductive hormone levels in adult men using LC-MS / MS analy-
sis. They found that some phthalate monoesters were associated with lower sperm concentration, lower 
motility, and increased sperm percentage with abnormal morphology in humans. In particular, an associa-
tion between monobutyl phthalate (MBP), a metabolite of DBP, with motility and sperm concentration was 
observed. 

CONCLUSION
Many chemicals, including phthalates, which are in commercial use, can damage human health. 

The presence of phthalates in the human body can cause endocrine distortions that can negatively aff ect the 
human reproductive system, and cause carcinogenic eff ects in the human body. Recently, the rate of patients 
with endocrine-related cancers and the number of people with genital malformations, as well as complica-
tions during pregnancy, have increased. Thus, it is concluded that genetic factors can not be the only ones 
responsible, other factors must be taken into account, such as diet, lifestyle, environment with chemicals, 
and the infl uence of the external environment.

Since phthalates enter the human body mostly from packaging material, the aim of this work is to 
point out its harmfulness, as well as to point out the need to fi nd packaging material that is not harmful to 
the human body. Research into the eff ects caused by phthalates in the human body is very important to pro-
vide evidence that would help in the adoption of adequate legislation in this area, and thus reduce the risk 
of diseases that may arise from the possible use of these materials.



122 www.qol-au.com

Mංඋඃൺඇൺ Lඈඏඋൾඇඈඏංම, ൾඍ ൺඅ.:
P«ã«�½�ã�Ý ®Ä FÊÊ� P��»�¦®Ä¦-IÃÖ��ã ÊÄ HçÃ�Ä H��½ã«  Qඎൺඅංඍඒ ඈൿ Lංൿൾ (2020) 12(3-4):110-125

LITERATURA:
ATSDR, 1995., Toxicological profi le for diethyl phthalate (DEP) Atlanta, GA: Agency for Toxic Substances and Disease Registry 
ATSDR, 2001., Toxicological profi le for di-n-butyl phthalate (DBP) Atlanta, GA: Agency for Toxic Substances and Disease Registry
ATSDR, 2002., Toxicological profi le for di(2-ethylhexyl)phthalate (DEHP) Atlanta, GA: Agency for Toxic Substances and Disease Registry 
Albro P.W., Lavenhar, S.R., 1989., Metabolism of Di(2-ethylhexyl)phthalate, Drug Metab. Rev. 21(1), 13–34, doi: 10.3109/03602538909029953
Andrady A. L., Neal M. A., 2009., Applications and societal benefi ts of plastics, Phil. Trans. R. Soc. B 364, 1977–1984
Aurela B., Kulmala H., Soderhjelm L., 1999., Phthalates in paper and board packaging and theirmigration into Tenax and sugar, Food Addit 

Contam 16(12), 571 – 7 
Balafas D., Shaw K.J., Whitfi eld F.B., 1999., Phthalate and adipateesters in Australian packaging materials, Food Chem. 65,279 – 87, doi: 

10.1016/S0308-8146(98)00240-4
Begley T.H., Biles J.E., Cunningham C., 2004., Migration of a UV stabilizer from polyethyleneterephthalate (PET) into food simulants, Food 

Addit Contam 21(10),1007 – 14 
Biscardi D., Monarca S., De Fusco R., Senatore F., Poli P., Buschini A., Rossi C., Zani C., 2003.,Evaluation of the migration of mutagens/

carcinogens from PET bottles into mineral waterby Tradescantia/micronuclei test, comet assay on leukoctes and GC/MS, Sci Total 
Environ. 302, 101 – 8 

Biedermann M., Fiselier K., Marmiroli G., Avanzini G., Rutschmann E., Pfenninger S., Grob K., 2008., Migration from the gaskets of lids into 
oily foods: fi rst results on polyadipates, EurFood Res Technol 226, 1399 – 1407

Borch J., Axelstad M., Vinggaard A., Metzdorff  S., Brokken L., Dalgaard M., 2006., Mechanisms under lying the anti-androgenic eff ects of 
diethylhexyl phthalate in fetal rat testis, Toxicol 223, 144 – 155

Bouma K., Schakel D.J., 2002., Migration of phthalates from PVC toys into saliva simulant by dynamic extraction, Food Additives and Con-
taminants 19, 602 – 10 

Bošnir J., Puntarić D., Galić A., Škes I., Dijanić T., Klarić M.,Grgić M., Čurković M., Šmit Z. 2007., Migration of phthalates fromplastic con-
tainers into soft drinks and mineral water, FoodTechnol Biotechnol 45, 91 – 5 

Brooke D.N., Dobson S., Howe P.D., Nielsen J.R., 1991., Environmental hazard assessment: di-(2-ethylhexyl) phthalate, United Kingdom 
Department of the Environment, Toxic Substances Division, Report TSD/2, London

Cao X.L., 2010., Phthalate ndergrou Foods: Sources, Occurrence, and Analytical Methods, Comprehensive Reviews in Food Science and Food 
Safety 9(1), 21 – 43 

Casajuana N., Lacorte S., 2004., New methodology forthe determination of phthalate esters, bisphenol A, diglycidyl ether and nonylphenol in 
commercial whole milk samples, J Agric Food Chem 52, 3702 – 3707 

Castle L., Gilbert J., Eklund T., 1990., Migration of plasticizerfrom poly (vinyl chloride) milk tubing, Food Addit Contam 7, 591 – 596
Castle L., Mayo A., Gilbert J., 1989., Migration of plasticizers fromprinting inks into foods, Food Addit Contam 6, 437 – 443
Castle L., Mercer A.J., Startin J.R., Gilbert J., 1988., Migration fromplasticized fi lms into foods. 3. Migration of phthalate, sebacate,citrate and 

phosphate esters from fi lms used for retail food pack-aging., Food Addit Contam 5, 9 – 20 
CDC, 2005., Third National Report on human exposure to environmental chemicals Washington, DC: Centers for Disease Control and Preven-

tion
Chai W., Suzuki M., Handa Y., Murakami M., Utsukihara T., Honma Y., Nakajima K., Saito M., Horiuchi C., 2008., Biodegradation of di-

(2ethylhexyl) phtalate by fungi, Research Gate, 72, 83 – 87 
Choodum A., Thavarungkul P., Kanatharana P., 2007., Acetaldehyde residue in polyethylen eter phthalate, J Environ Sci Health Part B 42, 

577 – 585
Chou K., Wright R.O., 2006., Phthalates in food and medical devices, J Med Toxicol 2, 126 – 35, doi: 10.1007/BF03161027
Cirillo T., Fasano E., Castaldi E., Montouri P., Amodio Cocchieri R., 2011., Children’s exposure to di (2-ethylhexyl) phthalate and dibutyl-

phthalate plasticizers from school meals, J Agric Food Chem 59, 10532 – 10538, doi: 10.1021/jf2020446
Clark K.E., David R.M., Guinn R., Kramarz K.W., Lampi M.A., Staples C.A., 2011., Modeling Human Exposure to Phthalate Esters: A Com-

parison of Indirect and Biomonitoring Estimation Methods, Human and Ecological Risk Assessment: An International Journal 17(4), 
923 – 965 

Cobellis L., Latini G., DeFelice C., Razzi S., Paris I., Ruggieri F., Mazzeo P., Petraglia F., 2003., High plasma concentrations of di-(2-
ethylhexyl)-phthalate in women with endometriosis., Hum. Reprod. 18(7), 1512 – 1515, doi: 10.1093/humrep/deg254

Criado M. V., Fernandez P. V. E., Badessari A., Cabral D., 2005., Conditions that regulate the growth of moulds inoc-ulated into bottled mineral 
water, Int J Food Microbiol 99, 343 – 349

Daun H., Gilbert S.G., 1977., Migration of plasticizers from polyvinylchloride packaging fi lmsto meat, J Food Sci 42, 561 – 2,
David F., Sandra P., Tienpont B., Vanwalleghem F., Ikonomou M., 2003., Analytical methods review, TheHandbook of Environmental Chem-

istry. Part Q, PhthalateEsters. Vol. 3. Berlin: Springer, 9 – 56 
Duty S.M., Ackerman R.M., Calafat A.M., Hauser R., 2005a., Personal care product use predicts urinary concentrations of somephthalate 

monoesters, Environ Health Perspect 113, 1530 – 1535
Earls A.O., Axford I.P., Braybrook J.H.,2003., Gas chromatography–mass spectrometry determination of the migration of phthalate plasticisers 



123

Mංඋඃൺඇൺ Lඈඏඋൾඇඈඏංම, ൾඍ ൺඅ.:
P«ã«�½�ã�Ý ®Ä FÊÊ� P��»�¦®Ä¦-IÃÖ��ã ÊÄ HçÃ�Ä H��½ã«  Qඎൺඅංඍඒ ඈൿ Lංൿൾ (2020) 12(3-4):110-125

from polyvinyl chloride toys and childcare articles, Journal of Chromatography A, 983(1–2), 237 - 246
Engel K.H., Feigenbaum A., Lhuguenot J.C., Mennes W., Nielson K.R., Pratt I., Jany K.D., Spyropoulos D., Theobald A., 2012., Food contact 

materials, fl avouring substances and smoke fl avourings. Eur Food Safety Authority J. 10, 1007
European Chemical Bureau, 2008., European Union Risk Assessment Report; bis (2-ethylhexyl) phthalate (DEHP), Luxembourg, Offi  ce for 

Offi  cial Publications of the European Communities, http://echa.europa.eu/d o c u m e n t s
European Union Council, 2000., Decision No. 2455/2001/ECestablishing the list of priority substances in the fi eld of waterpolicy and amend-

ing Directive 2000/60/EC. Off  J EurCommun 2001, L 331, 1 – 5 
Fang H., Tong W., Branham W.S., Moland C.L., Dial S. L., Hong H., Sheehan D.M., 2003., Study of 202 Natural, Synthetic, and Environmental 

Chemicals for Binding to the Androgen Receptor, ChemRes Toxicol 16(10), 1338 – 1358
Farhoodi M., Emam-Djomeh Z., Ehsani M.R., Oromiehie A., 2008., Migration of model con-taminants (ethylene glycol, DEHA and DEHP) 

from PET bottles into Iranian yogurt drink, E-Polymers 37, 1 – 9
Fasano E., Bono-Blay F., Cirillo T., Montuori P., Lacorte S., 2012., Migration of phthalates, alkylphenols, bisphenol A and di (2-ethylhexyl) 

adipate fro food packing, Food Control 27, 132 – 138
Feng Y.L., Zhu J., Sensenstein R., 2005., Development of a headspace solid phase microextraction method combined with gas chromatography 

mass spectrometry for the determinationof phthalate esters in cow milk, Anal Chim Acta 538, 41 – 8
Fierens T., Servaes K., Holderbeke M.V., Geerts L., De Henauw S., Sioen I., Vanermen G., 2012., Analysis of phthalates in food products and 

packaging materials sold on the Belgian market, Food and Chemical Toxicology 50, 2575 – 2583 
Fierens T., Vanermen G., Van Holderbeke M.V., Henauw S.D., Sioen I., 2012., Eff ect of cooking at home on the levels of eight phthalates in 

foods, Food Chem Toxicol. 50, 4428 – 4435, doi: 10.1016/j.fct.2012.09.004
Frederiksen H., Skakkebak N.E., Andersson A.M., 2007., Metabolism of phtalates in human, Mol. Nutr. Food Res 51, 899 – 911 
Ghisari M., Bonefeld-Jorgensen, E. C., 2009., Eff ects of plasticizers and theirmixtures on estrogen receptor and thyroid hormone functions, 

ToxicologyLetters 189, 67 – 77 
Gomez C., Gallart-Ayala H., 2018., Metabolomics: a tool to characterize the eff ect of Phalates and Bisphenol A, Enviromental Reviews
Harris C.A., Sumpter J.P., 2001., The endocrine disrupting potential of phthalates, in: The Handbook of Environmental Chemistry, vol. 3, Part 

L, Springer-Verlag, Berlin, Heidelberg, 169 – 200 
Hatch E.E., Nelson J.W., Qureshi M.M., Weinberg J., Moore L.L., Singer M., Webster T.F., 2008., Association of urinary phthalate metabolite 

concentrations with body mass index and waist circumference: a cross-sectional study of NHANES data, 1999–2002. Environ Health. 
7, 7 – 27, doi: 10.1186/1476-069X-7-27

Hauser R., Calafat A.M., 2005., Phthalates and human healt, Occup Environ Med 62, 806 – 818 
Heudorf U., Mersch-Sundermann V., Angerer J., 2007., Phthalates:toxicology and exposure, Int J Hyg Env Health 210, 623 – 34, doi: 10.1016/j.

ijheh.2007.07.011
He L., Gielen G., Bolan N.S., Zhang X., Qin H., Huang H., Wang H., 2015., Contamination and remediation phthalic acid esters in agricultural 

soils in China : a review, Agronomy for Sustainable Development, vol. 35, 519 – 534 
Hoppin J.A., Brock J.W., Davis B.J., Baird D.D., 2002., Reproducibility of urinary phthalate metabolites in fi rst morning urine samples, Envi-

ron Health Perspect 110, 515 – 518 
Hsieh T.H., Tsai C.F., Hsu, C.Y., Kuo P.L., Lee J.N., Chai C.Y., Tsai E.M., 2012., Phthalates induce proliferation and invasiveness of estrogen 

receptor-negative breast cancer throughthe AhR/HDAC6/c-Myc signaling pathway, FASEB Journal 26(2), 778 – 787 
Indirect food additives: adhesives and components of coatings”, 2014., Title 21 Code of Federal Regulations, Part 175
Indirect food additives: polymers: Indirect food additives: polymers”, 2014., Title 21 Code of Federal Regulations, Part 177
Itoh H., Yoshida K., Masunaga S., 2005., Evaluation of the eff ect of governmentalcontrol of human exposure to two phthalates in Japan using 

a urinarybiomarker approach, International Journal of Hygiene and Environmental Health 208, 237 – 245 
Jobling S., Reynolds T.,White R., Parker M.G., Sumpter J.P., 1995., A variety of environmentally persistent chemicals, including some phtha-

late plasticizers, are weakly estrogenic, Environ Health Perspect 103, 582 – 587 
Joensen U.N., Fredericksen H., Jensen M.B., Lauritsen M.P., Olesen I.A., Lassen T.H., Andersson A.M., Jorgensen N., 2012., Phthalate ex-

cretion pattern and testicular function: a study of 881 healthy Danish men, Environ Health Perspect. 120, 1397 – 1403, doi: 10.1289/
ehp.1205113

Jurica K.,Uršulin-Trstenjak N., Vukić-Lušić D., Lušić D., Šmit Z., 2013., Izloženost ftalatima i njihova pojavnost u alkoholnim pićima, Arh 
Hig Rada Toksikol 64, 317 – 325 

Kang S.C., Lee B.M., 2005., DNA methylation of estrogen receptor α gene by phthalates.J Toxicol Environ Health, 68, 1995 – 2003 
Karen C., Wright R.O., 2006., Phthalates ih food and medical devices, Journal of medical toxicology 3, vol.2
Kavlock R., Barr D., Boekelheide K., Breslin W.,Breysse P., Chapin R., Gaido K., Hodgson E., Marcus M., Shea K., Williams P., 2006., 

NTP-CERHR expert panel update on the reproductive and developmental toxicity of di(2-ethylhexyl) phthalate, ReprodToxicol 22, 
291 – 399 

Kato K., Silva M.J., Needham L.L., Calafat A.M., 2005., Determination of 16 phthalate metabolites in urine using automated sample prepara-
tion and online preconcentration/high-performance liquid chromatography/tandem mass spectrometry, AnalChem 77, 2985 – 2991 

Kazazić M., Đapo M., 2013., Štetnost ftalata i bisfeonola A i njihov uticaj na zdravlje, 9th International Scientifi c Conference on Production 
Engineering DEVELOPMENT AND MODERNIZATION OF PRODUCTION, 651 – 656



124 www.qol-au.com

Mංඋඃൺඇൺ Lඈඏඋൾඇඈඏංම, ൾඍ ൺඅ.:
P«ã«�½�ã�Ý ®Ä FÊÊ� P��»�¦®Ä¦-IÃÖ��ã ÊÄ HçÃ�Ä H��½ã«  Qඎൺඅංඍඒ ඈൿ Lංൿൾ (2020) 12(3-4):110-125

Koch H.M., Lorber M., Christensen K.L.Y., Palmke C., Koslitz S., Bruning T., 2013., Identifying sources of phthalate exposure with human 
biomonitoring: Results of a 48 h fasting study with urine collection and personal activity patterns, Int J Hyg Environ Health. 216 (6), 
672 – 681, doi: 10.1016/j.ijheh.2012.12.002

Koch H.M., Bolt H.M., Preuss R. I., Angerer J., 2005., New metabolites of di(2-ethylhexyl) phthalate (DEHP) in human urine and serum after 
single oral doses of deuterium-labelled DEHP, Arch. Toxicol. 79(7), 367 – 376, doi: 10.1007/s00204-004-0642-4

Koo H.J., Lee B.M., 2004., Estimated exposure to phthalates in cosmeticsand risk assessment, J Toxicol Environ Health 67, 1901 – 1914 
Latini G., 2005., Monitoring phthalate exposure in humans, Clin. Chim. Acta. 361 (1-2), 20 – 29
Lin L., Zheng L.X., Gu Y.P., Wang J.Y., Zhang Y.H., Song W.M., 2008., Levels of environmental endocrine disruptors in umbilical cord blood 

and maternal blood of low-birth-weight infants, Zhonghua Yu Fang Yi Xue Za Zhi 42, 177 – 180 
Li J.H., Ko Y.C., 2012., Plasticizer incident and its health eff ects inTaiwan, Kaohsiung J.Med.Sci. 28, 17 – 21 
Ma T.T., Wu L.H., Chen L., Zhang H.B., Teng Y., Luo Y.M., 2015., Phthalate esters contamination in soils and vegetables of plastic fi lm 

greenhouses of suburbnanjing, China and the potential human health risk. Environ. Sci. Pollut. Res., doi: 10.1007/s11356-015-4401-2
Mortensen G.K., Main K.M., Andersson A.M., Leff ers H.,Skakkebaek N.E., 2005., Determination of phthalate monoesters in human milk, 

consumer milk and infant formula by tandem massspectrometry (LC-MS-MS), Anal Bioanal Chem 382, 1084 – 1092 
Monteiro M., Nerin C., Reyes F.G., 1999., Migration of Tinuvin P, a UV stablizer, from PET bottles into fatty-food simulants, Pack Technol 

Sci 12, 241 – 8 
Montuori P., Jover E., Morgantini M., Nayona J.M., Triassi M., 2008., Assessing human exposure tophthalic acid and phthalate esters from 

mineral water stored in polyethylene terephthalate and glass bottles, Food Addit Contam 25(4), 511 – 8
National Toxicology Program Center for the Evaluation of Risks to Human Reproduction (NTP-CERHR): Monograph on the Potential Human 

Reproductive and Developmental Eff ects of Butyl Benzyl Phthalate (BBP)., 2003., NIH Publication No. 03–4487
Park H.J., Lee Y.J., Kim M.R., Kim K.M., 2008., Safety of polyethylene terephthalate food containers evaluated by HPLC, migration test, and 

estimated daily intake, J Food Sci 73(6), 83 – 9
Peakall D.B., 1975., Phthalate esters: Occurrence and biological eff ects, Residue Reviews, 54,1 – 41 
Petersen J. H., 1991., Survey of di-(2-ethylhexyl)phthalate plasticizer contamination of retail Danish milks, Food Addit Contam 8, 701–705
Peterson J.H., Breindahl T., 2000., Plasticizers in total diet samples, baby food and infant formulae, Food Additives & Contaminants 17, 133 

– 41 
Petersen J.H., Jensen L.K., 2010., Phthalates and food-contact materials: enforcing the 2008 European Union plastics legislation. Food Addit 

ContamPart A Chem Anal Control Expo Risk Assess. 27, 1608 – 1616, doi: 10.1080/19440049.2010.501825
Rhind S.M., Kyle C.E., Telfer G., Duff  E.I., Smith A., 2005., Alkylphenols and diethylhexyl phthalate in tissues of sheep grazingpastures fer-

tilized with sewage sludge or inorganic fertilizer, Environ Health Perspect 113, 447 – 453
Rudel R.A., Gray J.M., Engel C.L., Rawsthorne T.W., Dodson R.E., Ackerman J.M., Rizzo J., Nudelman J.L., Brody J.G., 2011., Food packag-

ing and bisphenol A and bis(2-ethyhexyl) phthalate exposure: fi ndings from a dietary intervention, Environ Health Perspect. 119, 914 
– 920, doi: 10.1289/ehp.1003170

Ruuska R.M., Korkeala H., Liukkonen-Lilja H., Suortti T., Salminen K., 1987., Migration of contaminants from milk tubes and teat liners, J 
Food Protection 50, 316 – 20 

Sathyanarayana S., 2008., Phthalates and children’s health, Curr Probl Pediatr Adolesc Health Care. 38, 34 – 49, doi: 10.1016/j.cppeds.2007.001
Serôdio P., Nogueira M.F., 2006., Considerations on ultratrace analysis of phthalates in drinking water, Water Res. 40, 2572 – 2582
Serrano S.E., Braun J., Trasande L., Dills R., Sathyanarayana S., 2014., Phtalates and diet: a review of the food monitoring and epidemilogy 

data, Environmental Healthvolume 13, 43 
Schecter A., Lorber M., Guo Y., Wu Q., Yun S.H., Kannan K., Hommel M., Imran N., Hynan L.S., Cheng D., Colacino J.A., Birnbaum L.S., 

2013., Phthalate concentrations and dietary exposure from food purchased in New York state. Environ Health Perspect. 121, 473 – 494 
Sharman M., Read W.A., Castle L., Gilbert J., 1994., Levels of di-(2-ethylhexyl)phthalate and total phthalate esters in milk,cream, butter and 

cheese, Food Addit Contam 11, 375 – 385
Sioen I., Fierens T., Holderbeke M.V., Geerts L., Bellemans M., Maeyer M.D., Servaes K., Vanermen G., Boon P.E., De Henauw S., 2012., 

Phthalates dietary exposure and food sources for Belgian preschool children and adults, Environmental International 48, 102 – 108 
Spillmann M.D., Siegrist M., Keller C., Wormuth M., 2009., Phthalate exposure trought food and consumers risk perception of chemicals in 

food, Risk Analysis. 29 (8) 1170 – 81 
Stahlhut R.W., van Wijngaarden E.,Dye T.D., Cook S., Swan S.H., 2007., Concentrations of urinary phthalate metabolites are associated 

with increased waist circumference and insulin resistance in adult US males, Environ Health Perspect. 115, 876 – 882, doi: 10.1289/
ehp.9882

Swan S.H.,2008., Environmental phthalate exposure in relation to reproductive outcomes and other health endpoints in humans, Environ Res. 
108, 177 – 184, doi: 10.1016/j.envres.2008.08.007

Swan S.H., Main K.M., Liu F., Stewart S.L., Kruse R.L., Calafat A.M.,Mao C.S., Redmon J.B., Ternand C.L., Sullivan S., Teague J.L., 2005., 
Decrease in anogenital distance among male infants with prenatal phthalate exposure, Environ Health Perspect 113, 1056 – 1061 

Thompson R. C., Swan S. H., Moore C. J., vom Saal F. S., 2009a., Our plastic age. Phil. Trans. R. Soc. B 364, 1973 – 1976 
Thompson R. C., Moore C. J., vom Saal F. S., Swan S. H., 2009b, Plastics, the environment and human health: current consensus and future 

trends, Phil. Trans. R. Soc. B 364, 2153 – 2166



125

Mංඋඃൺඇൺ Lඈඏඋൾඇඈඏංම, ൾඍ ൺඅ.:
P«ã«�½�ã�Ý ®Ä FÊÊ� P��»�¦®Ä¦-IÃÖ��ã ÊÄ HçÃ�Ä H��½ã«  Qඎൺඅංඍඒ ඈൿ Lංൿൾ (2020) 12(3-4):110-125

Tsumura Y., Ishimitsu S., Kaihara A., Yoshii K., Nakamura Y., Tonogai Y., 2001a., Di(2-ethylhexyl) phthalate contamination of retail packed 
lunches caused by PVC gloves used in thepreparation of foods, Food Addit Contam 18, 569 – 579 

Tsumura Y., Ishimitsu S., Saito I., Sakai H., Kobayashi Y., Tonogai Y., 2001b., Eleven phthalate esters and di(2-ethylhexyl) adipatein one-week 
duplicate diet samples obtained from hospitals andtheir estimated daily intake, Food Addit Contam 18, 449 – 460

Tsumura Y., Ishimitsu S., Hirayama K., Fujimaki T., Nakazawa H., Tonogai Y., 2002a., Migrationof di(2-ethylhexyl) phthalate from polyvinyl 
chloride tubes used in preparation of foods, Shokuhin Eiseigaku Zasshi 43(4), 254 – 9

Vidić Š., 2008., Nazočnost estera ftalne kiseline (ftalati) u infuzijskim otopinama, Magistarski rad, Prirodoslovno - matematički fakultet, Za-
greb

Zota A.R., Calafat A.M., Woodruff  T.J., 2014., Temporal trends in phthalate exposures: Findings from the National Health and Nutrition Ex-
amination Survey 2001–2010. Environ Health Perspect. 122(3), 235 – 241, doi: 10.1289/ehp.1306681

Wagner M., Oehlmann J., 2009., Endocrine disruptors in bottled mineral water:total estrogenic burden and migration from plastic bottles, En-
vironmentalScience and Pollution Research 16, 278 – 286 

Wenzl T., 2009., Methods for the determination of phthalates in food-Outcome of a survey conducted among European food control laborato-
ries JRC Scientifi c and Technical reports. http://www.bezpecnostpotravin.cz/UserFiles/File/Publikace/ftalaty.pdf (accessed November 
2014)

WHO, World Health Organization: Di-n-Butyl Phthalate. International Programme on Chemical Safety, WHO Environmental Health Criteria 
189, Ženeva

World Health Organization (WHO)., 2011., Guidelines for DrinkingWater Quality. Chapter 8: Chemical Aspects. 4th ed.Geneva: World 
Health Organization

WHO, State of the science of endocrine disrupting chemicals, 2012.,An assessment of the state of thescience of endocrine disruptors prepared 
by a group of experts for the United Nations EnvironmentProgramme (UNEP)

Wittassek M., Koch H.M., Angerer J., Bruning T., 2011., Assessing exposure to phthalates – the human biomonitoring approach. Mol Nutr 
Food Res. 55, 7 – 31, doi: 10.1002/mnfr.201000121

Wormuth M., Scheringer M., Vollenweider M., Hungerbuhler K., 2006., What are the sources of exposure to eight frequently used phthalic acid 
esters in Europeans?, Risk Anal. 26, 803 – 82, doi: 10.1111/j.1539-6924.2006.00770.x

Recived: June 17, 2020
Accepted: July 12, 2020 


