Influence of PHTHALATE PLASTICIZERS as chemical dangerous substances from polyethylene terephthalate bottles for water packaging on health safety
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Abstract
Phthalate esters plasticizers are chemical dangerous substances that influence on human health. Migration of phthalate plasticizers from the coloured and transparent plastic bottles made of polyethylene terephthalate (PET) widely used for mineral water packaging was detected to control  their healt safety. The testing  was carried out in Institute of Public Health in Novi Sad, in the department of Laboratory services, in the laboratory for food and common usage products control, with model solutions distilled water during 24h at 20±2°C according to standard procedures. Phthalate  plasticizers migration in  the coloured and transparent PET samples was not detected. According to present Act on conditions dealing with health safety of common usage goods that can be put on market (Official Gazette SFRY 26/83) the samples are health safety considering  presence migration of phthalate esters plasticizers. 
Key words: PET plastic bottles, phthalate esters plasticizer, phthlatate migration, chemical dangerous substances, health safety.
Izvod

Ftalatni estri u svojstvu plastifikatora reprezentuju hemijski opasne supstance, koje utiču na ljudsko zdravlje. Određivana je migracija hemijski opasnih ftalatnih plastifikatora iz obojenih i neobojenih boca od polietilen tereftalata za flaširanje vode i to u cilju provere zdravstvene ispravnosti plastičnih boca. Ispitivanje je izvedeno u Institutu za javno zdravlje Vojvodine u Novom Sadu, u laboratoriji za kontrolu namirnica i predmeta opšte upotrebe, sa model rastvorima destilovanom vodom tokom 24h na 20±°2C po standardnim metodama. Nije detektovana migracija  ftalatnih plastifikatora iz ispitivanih uzoraka obojenih i neobojenih PET boca u model rastvore. Prema važećem Pravilniku o uslovima u pogledu zdravstvene ispravnosti predmeta opšte upotrebe koji se mogu stavljati u promet (Službeni list SFRJ 26/83) ispitivani uzorci obojenih i neobojenih PET boca su zdravstveno ispravni.
Ključne reči: PET plastične boce, ftalatni plastifikatori, migracija ftalata, hemijski opasne materije, zdravstvena ispravnost. 
INTRODUCTION
Health safety of polymer  material used for packaging i.e. polyethylene terephthalate (PET) as well as the packaging itself, is the most important precondition when various products are being packed [1,2]. Identification  chemical and health riskily phthalate plasticizers in PET bottles are important to control health safety.
Phthalate plasticizers (phthalates) are additives that incrase plasticity of polymer materials but in fact are esters of phthalic acid. They are used i.e. in the production of soften  polyvinyl chloride - PVC, to achieve the softness and flexibility. The toxicity of some phthalates has been proven, and they are usually replaced softeners that are not toxic [3]. Regulations of the SFRY [4] in Article 26 prohibits the use of plasticizers in all polymeric materials coming into direct contact with drinking water, milk and dairy products, alcoholic beverages and fatty foods (etc examined PET bottles used for water and drinking liquids packing) [5].
 Average consumer the term “polyethylene terephthalate” (commonly abbreviated PET) and  “phthalate” may sound alike, leading to concerns over health. However, these are two totally different concepts. PET is polymer. Polyethylene terephthalate is produced from ethylene glycol [HO-CH2-CH2-OH] and dimethyl terephthalate [CH3-CO-C6H4-CO-CH3] or terephthalic acid [HOOC-(C6H4)-COOH] [6]. The former is a transesterification reaction, whereas the latter is an esterification reaction. Also, it must be emphasized that phthalates or any other fabric plasticizers are not used in the manufacture of PET during reaction. PET used for food packaging (i.e. bottles) containing only carbon, hydrogen and oxygen without additives such as plasticizers (i.e. phthalates) that can migrate from containers in the packed product [6,7,8].
The subject of this research is to investigate presence phthalate plasticizers in PET bottles for packaging mineral water and soft drinking that can migrate in model solution. The aim research is control toxic and health safety PET bottles in accordance to present  regulations in our country and in Europe [7]. The goal of this research is to find out presence migration of toxic plasticizers in model solution. Presence toxic plasticizers (as chemical toxic and health riskily substances) influence on the level of health safety in PET bottles used for mineral water and soft drinks packaging according to presents standards in Serbia [4]. Also, we want to find out whether it would be health safe if more rigorous testing was done, as it is the case in Europe or some neighbouring countries. The task of this research is to control PET bottles in laboratory conditions during 24 hours on 20(2 °C in order to determine amount of phthalate migration  in accordance to present Acts from 1983.  

MATERIAL AND METHODS
With a laboratory analysis we determine the amount of migrating matter in model solutions, and then we compare them to normative Acts from the fields of health safety ( Act on conditions in the area of health safety of commonly used products that are put on market (Official Gazette of FRY 26/83) [4]. During PET package testing model solution is distilled water. Model solution distilled water is from the distillatory, pH = 6.
The testing migration from PET bottles  was carried out in Institute of  Public Health in Novi Sad, in the department of Laboratory services, in the laboratory for food and common usage products control.  

Samples tested are brought in Institute according to the order of sanitary inspection, as a part of regular monitoring of common usage products. The samples were taken from the production, close to the filling line. The sample in this case are bottles with caps, since the goal of the analysis is to examine the samples in conditions most similar to the real conditions of usage. Both transparent and coloured PET bottles were tested.

The coloured sample PET bottle is in blue colour and is used in bottling of mineral sparkling and still water. The bottle has no signs of outer damages. The bottom of the bottle is pentaloid, which gives stability during transportation. In the analysis bottles of 0,33 l and 0,7 l were used together with their caps. Neither on bottle or cap was indicated the material they were made of. 

The sample of transparent PET was used for soft drink packaging. It was taken from a small manufacturer of soft drinks in Novi Sad who does not produce the packaging on his own, but buys it as a ready made product. For the analysis we used a 1.5 l bottle and its cap. There is no label of the manufacturer on the bottle.

The Act on conditions of health safety of common usage products that are put into market (Official Gazette FRY", br. 26/83, 61/84, 56/86, 50/89, 18/91) does not define PET packaging, neither the method of its inspection. Since the PET is used as a substitution for glass, the same conditions of testing were used as of those proposed by the Act  [4] in the case of glass packaging, since in the both packaging the same products can be stored. In the laboratory practice, the same combination of conditions used for the glass is taken (24 hours at the temperature of 20(2 °C).

Migration of phthalates from PET bottles was tested in the model solution of distilled water. The analysis was done using GC-MS gas chromatography-mass spectrometer, Agilent Technologies 6890N Network GC System, 5973 Network Mass Selective Detector. Complex mixture that is obtained after the migration process is separated by gas chromatography and identification of components was made on the mass spectrometer. As a standard for comparison is taken is a mixture of six phthalates. 

RESULTS AND DISCUSSION
Coloured PET bottles - Model Solution distilled water.  

Samples is 0.7 liter PET  bottles were used in this analysis.
Migration of phthalate esters results are shown in Table 1. Standard for comparison was a mixture of six phthalates: bis(2-ethylhexyl)phthalate, butyl benzyl phthalate, diethyl phthalate, dimethyl phthalate, dibutyl phthalate and di-n-octylphthalate.
Table 1: Phthalates migration analysis of the coloured PET samples
	Phthalates Standard
	Phthalates migration from the coloured PET sample

	bis(2-ethylhexyl)phthalate
	Not detected

	butyl benzyl phthalate
	Not detected

	diethyl phthalate
	Not detected

	dimetyl phthalate
	Not detected

	dibutyl phthalate
	Not detected

	di-n-octylphthalate
	Not detected


From the Table 1. it can be concluded that no migration of phthalates in the tested sample of coloured PET bottle was detected. 

Transparent PET packaging - Model solution distilled water. 
Transparent PET 1.5 liter bottles were tested.

Phthalate esters migration was also determined from transparent PET bottles in model solution distilled water as indicated with coloured PET. Standard for comparison was a mixture of six phthalates: bis(2-ethylhexyl)phthalate, butyl benzyl phthalate, diethyl phthalate, dimethyl phthalate, dibutyl phthalate and di-n-octylphthalate. Analysis results of  phthalates migration are given in the Table 2.
Table 2: Phthalates migration analysis of the transparent PET samples
	Phthalates Standard
	Phthalates migration from the transparent PET sample

	bis(2-ethylhexyl)phthalate
	Not detected

	butyl benzyl phthalate
	Not detected

	diethyl phthalate
	Not detected

	dimetyl phthalate
	Not detected

	dibutyl phthalate
	Not detected

	di-n-octylphthalate
	Not detected


From the Table 2. can be concluded that phthalates migration from the sample of transparent PET bottle was not detected. 
CONCLUSION
According to the data from the Table 1 and Table 2. it can be seen that phthalate esters (as chemical toxic and health riskily substances) migration from the coloured and transparent PET samples was not detected. The phenomena indicate that in the process production PET as polymer material and process production PET bottles was not added additives i.e. six toxic phthalate ester plasticizers were determined. Obtained results is in accordance to proposed standards in the Act on conditions dealing with health safety of common usage goods that can be put on market. PET bottles produced of PET material widely used for water and soft drink packaging does not present a chemical (toxic) and health risk. 
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