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influences of clay type, content and dispersion state
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Abstract Polyethylene terephthalate (PET) bottles are

widely used for packaging mineral water or soft drinks.

Migration of toxic residual phthalate esters from PET could

potentially change the quality of the bottled contents. The

main purpose of this study is to control the migration of

five different phthalate esters from PET bottles into the

water they contained. To achieve this goal, three different

types of nanoclay particles were added to PET to slow

down the migration of the toxic phthalate esters. The

concentration of phthalate esters in the water in contact

with PET and PET/nanoclay was measured by gas chro-

matography (GC-FID) combined with the directly sus-

pended droplet microextraction method. Good precision,

accuracy and reproducibility over a wide linear range were

achieved by the proposed technique under optimal condi-

tions. The experimental results reveal that adding nanoclay

fillers to the PET decreases the release of the above-men-

tioned chemicals from PET into the water considerably due

to attainment of a tortuous diffusive path. Data also indi-

cate the significant effect of nanoclay volume fraction and

exfoliated morphology on obtaining efficient barrier prop-

erties. Furthermore the effects of parameters such as stor-

age time, temperature, and amount and type of nanoclay

inclusions were studied on the migration rate, as well.
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Introduction

The increasing demand for versatile properties, such as

good impact resistance, chemical resistance, transparency,

being light weight and possibility of recycling in food,

beverages and cosmetic packaging industries, have made

polyethylene terephthalate (PET) one of the most widely

applied thermoplastics. However, it should be noticed that

diffusion and migration of by-products, catalysts, additives

as well as hydrolysis and thermal degradation residues of

either virgin or recycled PET into food or water may

contaminate its content. Phthalate esters are potential

migrant compounds which are not covalently bound to

plastic materials [1]. Their presence and migration from

PET into water and foods have been investigated by several

authors [2–6]. Prokupková et al. [5] showed the presence of

various phthalate esters including dimethyl phthalate

(DMP) diethyl phthalate (DEP), dibutyl phthalate (DBP),

and bis 2-ethylhexyl phthalate (DEHP) in water and con-

cluded that the type of packaged material could affect the

concentrations of these esters. Rios et al. [7] analyzed olive

oils that were kept in a PET containers for several months

and determined the presence of DBP, DEHP, benzyl butyl

phthalate (BBP) and di-iso butyl phthalate (DIBP) in the

samples, but none of DMP and DEP was detected. Sub-

stantial considerations have been given to the influence of

phthalate esters on human health recently due to their

potential toxicity [8, 9]. Scientific researches have shown

that phthalate esters may adversely affect the human body

and impair human fertility comprising a reduction in the

level of sex hormones in both genders [10–13]. Bearing in

mind their potential risks to human health and the envi-

ronment, these phthalates are on the first three priority lists

for risk assessment in accordance with the European

Union’s Regulation 793/93 on existing substances. The US
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