
World Journal of Advanced Research and Reviews, 2019, 03(02), 024–035 

World Journal of Advanced Research and Reviews 
e-ISSN: 2581-9615, Cross Ref DOI: 10.30574/wjarr 

Journal homepage: https://www.wjarr.com 

 Corresponding author 
E-mail address:      

Copyright © 2019 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

(RE SE AR CH AR T I CL E) 

Impact of household cooking on release of fluorinated compounds PFOA and PFOS 
from Tefal coated cookware to foods 

AbulFadl Mostafa Mohamed 1, Sharaf Ashraf Mohamed 2, Mostafa Mahmoud Mostafa 1 and El-Saeid 
Mohamed Hamza 1, 3, * 

1 Faculty of Agriculture, Food Science and Technology Dept., Al-Azhar University, Cairo, Egypt. 
2 Faculty of Agriculture, Food Science and Technology Dept., Faculty of Agriculture, Dumyat University, Dumyat, Egypt. 
3 College of Food and Agricultural Sciences, King Saud University, Riyadh, Kingdom of Saudi Arabia. 

Publication history: Received on 09 August 2018; revised on 19 September 2019; accepted on 20 September 2019 

Article DOI: https://doi.org/10.30574/wjarr.2019.3.2.0060 

Abstract 

Perfluorinated compounds (PFCs) have taken worldwide attention in recent years. Several PFCs are being used in 
manufacturing food contact materials, including non-stick coatings (polytetrafluoroethylene (PTFE) or Teflon) for 
cookware and also their use in paper coatings for oil- and moisture-resistant. PFCs are suggested as a new class of 
Persistent organic pollutant (POP), where they are chemical stability and do not degrade well naturally hence may 
accumulate in the body and poses problems for human safety. Thus, it is necessary to assess the migration of PFCs from 
food contact articles to food under typical cooking conditions. The main objective of this investigation was to study the 
effect of cooking at prolonged use (repeating for ten times) in household Tefal utensils on leaching PFOA and PFOS 
compounds from the Teflon layer which coats the inner surface of utensils to food-contact such as tomatoes fruit as the 
acidic food and white dry beans as the non-acidic food without and with adding of table salt. Also, measurement the 
surface morphology of Tefal layer before and after cooking by using small shapes as a pattern of Tefal cookware which 
analyzed by X-ray Diffraction (XRD) and X-ray Microanalysis (EDX), as well Environmental Scanning Electron 
Microscopy (ESEM). The obtained results indicated that, when the repeat of cooking increased from 1 up to 10 times, 
the amounts of Perfluorinated compounds (PFOS and PFOA, especially PFOS) were progressively increased in the food 
contact (tomatoes paste or white dry beans) from the Tefal cookware. On the other side, the addition of table salt to the 
tested samples at all repeats of cooking (1, 5 and 10 times) caused a highly leaching of perfluorinated compounds from 
the Teflon layer to food-contact more than the same tested samples at the same conditions without salt. Therefore, the 
acidic food such as tomatoes paste was more effect on the amounts of both PFOS and PFOA in the food-contact than the 
non-acidic food. Before that, the ESEM images of coating surface of Tefal layer after repeat of cooking exhibited some 
damage. 

Keywords:  Perfluorinated chemicals; PFOS and PFOA; PTFE coatings; Tefal non-stick cookware 

1. Introduction

One of the edible oil broadly known is coconut oil. Its source is from the kernel or meat of mature coconuts harvested 
Perfluorinated compounds (PFCs) are a large group of compounds in which substituted by fluorine in all hydrogen-
carbon bonds. Due to their chemical properties that include thermal and chemical stability, amphiphilicity, 
nonflammability and surface-active properties, they have been used in many industrial and consumer applications 
including adhesives, cosmetics, cleaners, electronics, paper products and coatings material for non-stick cookware [1, 
2, 3].  
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Recently, PFCs have received a lot of attention due to their wide distribution in the environment as result to this 
widespread usage whereas millions of kilograms of these compounds have been produced worldwide annually. But 
these compounds are suggested as a new class of persistent organic pollutant (POP) because presence of strong C-F 
bonds makes them chemically and thermally very stable, resistant to hydrolysis, photolysis, microbial degradation or 
metabolism hence may accumulate in the body and poses problems for human safety [4, 5, 6]. Thus, it is necessary to 
assess the migration of PFCs from food contact articles to food under typical cooking conditions [7].  

PFCs include perfluorocarboxylic acids such as (PFOA, which include carboxyl functional groups and perfluoroalkane 
sulfonates such as (PFOS, which include sulfonyl functional groups [8]. PFOA and PFOS are commonly found PFCs in the 
environment and in the human body [9]. They are stable to hydrolysis in the environment based on half-lives of 41 and 
92 years, respectively [10]. Therefore, concerns regarding the safety and impact to human health of PFOA and PFOS are 
increasing. Currently, there are insufficient data to conclude an effect on human health, although PFOA and PFOS have 
been found to be teratogenic and hepatotoxic in mouse [11, 12, 13, 14].  

PFOS and PFOA are able to bio-accumulate and very slowly eliminate from the body in humans with a half-life of 
approximately nine and four years, respectively. Regarding the toxicokinetics; they are readily absorbed after oral 
exposure and are found in the liver, kidneys and blood with lower levels in many other organs, including the central 
nervous system [10]. Animal studies on PFOS and PFOA showed the etiology of a variety of disorders including diabetes, 
cerebrovascular disease, neurotoxicity, immune deficiency and cancer. In addition to adverse effects on thyroid function 
and on the liver including hypertrophy, changes in enzyme activities and increases in absolute or relative liver weight 
[15, 16].  

Exposure to PFOS and PFOA may occur directly due to their manufacture and use in commercial products [17, 18]. 
Indirect exposure may also occur through the release of perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid 
(PFOA) precursors that degrade to PFOS and PFOA, released into the environment during production and from treated 
commercial products [19, 20]. The European Food Safety Authority (EFSA) has set the tolerable daily intakes (TDI) of 
PFOS and PFOA at 150 ng/kg/day and 1500 ng/kg/day, respectively [9].  

PFCs are frequently used in food contact including polytetrafluoroethylene (PTFE) that is used as an inner coating 
material in nonstick cookware and packaging. PTFE is mostly well known by the DuPont brand name Teflon. This unique 
polymer coating prevents food from sticking in the pans during the cooking process thus cookware is also easy to wash. 
At normal cooking temperatures, PTFE-coated cookware can release various gases and chemicals of perfluorinated 
compounds that present mild to severe toxicity [21, 22, 23]. 

So the food can become contaminated with perfluorinated compounds directly from food packaging, since 
perfluorinated compounds are commonly used in consumer products as stain/water/grease repellents in cooking 
utensils as nonstick coating and in food contact materials as a coating. Therefore, the studies should be carried out to 
determine the migration of PFCs from food packaging materials and nonstick cookware to several types of foods [24, 
25].  

The main objective of the present investigation was to study the effect of cooking at prolonged use (repeating for ten 
times) in household Tefal utensils on leaching PFOA and PFOS compounds from the teflon layer which coats the inner 
surface of utensils to food-contact such as tomatoes fruit as the acidic food and white dry beans as the non-acidic food 
with and without adding of table salt. Also, measurement the surface morphology of Tefal layer before and after cooking 
(ten times) in either tomatoes paste or white dry beans with and without salt (sodium chloride) as indication about 
leaching of prefluorinated compounds from coating through observing the changes that arose on surface compared to 
the initial conditions. 

2. Material and methods 

2.1. Non-stick Cookware 

The household cooking utensil used in this study were Tefal cookware (24 cm diameter and 30mm thickness of Teflon 
layer which coats the inner surface of utensils), these utensils were purchased from Shedid Eng. Establishment, Cairo, 
Egypt. 
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2.2. Raw materials 

The raw materials used in this study were divided in two sections. Firstly, 20 kg of fresh tomatoes (Lycopersicon 
esculentum) as the acidic foods were purchased from Al-Mollak farm, Abo-Hammad, Sharkia governorate, Egypt. The 
fresh fruits were harvested in plastic basket after sorted for color, firmness, and lack of blemishes, and then immediately 
transported to the laboratory and stored in refrigerator at 5 ±2 0C till further treatments.  Secondly, 10 kg of white dry 
beans as non- acidic foods were purchased from the local market, Nasr city, Cairo, Egypt, and then stored in the ambient 
temperature (25 ±30C) further treatments and analysis after transport to the laboratory. 

2.3. Chemicals and reagents 

Sodium salt (sodium chloride) were obtained from, Cairo, Egypt. PFOS: The standards of perfluorooctane sulfonate, 
PFOA: perfluorooctanoic acid, were purchased from AccuStandard, 153 Inc., New Haven, CT, USA as individual (50 mg) 
or mixture standards at a concentration of 100μg/mL. All solvents (Methanol, dichloromethane, hexane and 
acetonitrile) used for the extraction and analysis PAHs were residue-analysis grade 99.9 % purity and obtained from 
Fisher Scientific (Fair Lawn, NJ, USA). 

2.4. Sample preparation 

All tested samples were prepared in Laboratory of Food Science and Technology Department, Faculty of Agriculture, 
AL-Azhar University, Cairo, Egypt. 

2.4.1. Tomato pulp preparation 

20 kg of fresh tomatoes were divided into 20 patches (1 kg); 10 of them were used without salt, other patches were 
used with salt. Tomatoes fruit were chopped into pieces with knife and ground into rough pulp using a blender (Braun 
AG Frank, 40-60 Hz /400W, Tipe MX 32, No. 4142, German). Subsequently, pulp was passed through a finisher (0.5mm 
screen) to remove skins and seeds. Each part of tomato pulp was cooked in tested Tefal utensil. 

2.4.2. White dry beans preparation 

10 kg of white dry beans were divided into 20 patches (500 g); 10 of them were used without salt, other patches were 
used with salt. Each patch of white dry beans was soaked in 1 L of distilled water for 180 min. prior to cooking. 

2.5. Samples cooking 

To study the effect of prolonged use (repeating 10 times) on leaching PFOA and PFOS compounds of non-stick tefal 
utensils to food-contact. 

2.5.1. Tomato pulp cooking 

The first patch of tomato pulp which previously prepared was cooked in tested Tefal utensil with the continuous stirring 
till to reach 25% TSS (total soluble solids), after that the second patch of tomato pulp is return cooking in the same Tefal 
utensil until the same result is achieved. Thus, the other tomato pulp samples are cooked in the same container to reach 
the same concentration (25% TSS). The same procedure is carried out in another Tefal utensil for 10 samples of tomato 
pulp in the same way, but with the addition of 5 g salt (NaCl) with each sample before cooking. Finally, 20 samples of 
produced tomatoes paste are kept under frozen storage condition at -18ºC till analysis. 

2.5.2. White dry beans cooking 

10 samples of white dry beans after soaking are cooked without salt (NaCl) with 1L of distilled water in tested Tefal 
utensil with the continuous stirring each period. The same cookware were reused in nine consecutive cooking processes 
with the same previous procedure of soaked white dry beans, while the other samples (10 samples) were cooked with 
salt (5 g) in another Tefal utensil as the same way until to achieve the adequate stewing of white dry beans. All tested 
samples kept in a glass bottles under frozen storage condition (at -18ºC) till analysis. 

2.6. Analysis of tefal layer surface 

A small square shapes were cut from the tested utensils coated with Tefal layer by dimensions of 0.5 – 1 cm as shown 
in the figure (1) in order to examine the Tefal layer by using X- Ray diffraction (XRD), X-Ray analysis (EDX) and 
Environmental Scanning Electron Microscopy (ESEM) in the Central Laboratory of the Science Faculty, Al - Azhar 
University, Cairo, Egypt. The fluorinated compounds in tested samples were measured by using X- ray diffraction 
measurements to test their amorphous nature using Philips Analytical X-Ray diffraction system, type PW3710 based 
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with Cu tube anode of wave length Kα1=1.54Ao and Kα2= 1.54439Ao. The generator tension was 40KV, and the 
generator current was 30 mA. The start angle (2Ө) was 10o, and the end angle was 70o, while the step size (2Ө) was 
0.02, and the time step was 1.0 sec. 

                                      

Figure 1 The samples of Tefal coated cookware used in this study 

Also, the major and minor elements in tested samples were determined by using X-ray microanalysis (Module Oxford 
6587 INCA x-sight) attached to JEOL JSM-5500 LV scanning electron microscopy at 20KV after gold coating using SPI-
Module sputter coater.  

In addition, the surface morphology of Tefal layer was measured before and after cooking (ten times) in either tomatoes 
paste or white dry beans with and without salt (sodium chloride) by using Environmental Scanning Electron Microscopy 
(ESEM). This measured gives an indication about leaching of chemicals from coating through observing the changes that 
arose on surface compared to the initial condition. 

2.7. Extraction and determination of PFOA and PFOS compounds in cooked samples 

A pressurized apparatus was used, Accelerated Solvent Extractor (ASE) Model 350, Dionex corporation, Sunnyvale, CA, 
USA. Mixture of ethanol/water 1:9 was used to simulate watery and acidic foods, and a mixture of 19:1 ethanol/water 
was used to simulate fatty or oily foods [26]. One obstacle to studying of migration perfluorochemicals used in food-
contact is the difficulty in measuring these substances by routine conventional analytical techniques such as GC/MS or 
LC-UV [24]. Due to many perfluorochemicals used in food-contact substances are not detectable by these conventional 
methods. While, liquid chromatography-mass spectrophotometer (LC/MS or LS/MSMS) analytical technique can be 
suitable to determine of potential migration from perfluoro coatings of tefal cookware. [3,  7,  27]. 

2.8. Statistical analysis 

All obtained data are expressed as mean ± standard deviation. The statistical was performed by using a one-way analysis 
of variance (ANOVA) followed by Duncan's test according to the procedure of [28] using SPSS version 16 (computer 
program). 

3. Results and discussion 

3.1. The accuracy of LC-MS procedure for the quantitative determination of tested perfluorinated compounds 
in chosen foods  

Before analyzing the actual samples of cooked tomato paste and white dry beans, the efficiency of the analytical method 
used for the quantitative determination of tested perfluorinated compounds in chosen foods was evaluated via the 
recovery experiments. The recovery experiments were performed by spiking uncooked tomato and white dry beans 
samples. Recovery (%) of PFOS and PFOA compounds in spiked tomato and white dry beans samples analyzed by LC-
MS procedure were showing in (Table 1). 

 

 

 

TEFAL COOKWARE COATED OF PAN SHAPE OF COOKWARE 
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Table 1 Recovery (%) of perfluorinated compounds in spiked tomato and white dry beans samples analyzed by LC-MS 
procedure 

Perfluorinated 
Compounds 

Perfluorinated Compounds 
Spiking level (ppb) 

Tomatoes 
Recovery (%) 

Beans 

Recovery (%) 

PFOS 100 97.89 94.81 

PFOA 100 96.43 94.29 

3.2. Determination of perfluorinated compounds present in cookware teflon layer by using X- Ray diffraction 
(XR-D) 

The Teflon layer in tefal cookware was analyzed by using XR-D, the obtained data are recorded in Table (2), from these 
results, it could be observed that the most prevalent perfluorinated compounds in tefal layer was carbon fluoride which 
accounted 82%, followed by 1, 4-bis tetrafluorobenzene (pentafluorophenylethyl), which was recorded 18.0%. The 
present results are agreement with the data obtained by [29, 30, 31]. 

Table 2 Perfluorinated compounds presented in cookware Tefal layer determined by XR-D 

Perfluorinated compounds       (%) 

1, 4-bis tetrafluorobenzene (pentafluorophenylethyl)        18 

Carbon fluoride         82 

3.3. Microanalysis of teflon layer which coating the tested tefal cookware by using X- Ray Microanalysis (EDX) 

The main elements in the coating layer of tested tefal cookware, which analyzed by using X-ray microanalysis are 
presented in Table (3) and Figure (2). From the obtained data, it could be exhibited that the fluoride (F) was the most 
abundant elements, which was represented 79.623 %, followed by the carbon element (C) which was the minor element 
found in the coating layer of tested tefal cookware (18.60%). This result may be explained by the fact that F and C 
elements are the main elements in the fluoropolymer-coating in tefal layer [31]. On the other side, Si and K were found 
to be as 0.280 and 0.110, respectively. Meanwhile, the trace elements found in this layer were Ti, Cl, Ca and S, which 
represented 0.080, 0.47, 0.033 and 0.024, respectively. 

Table 3 The elements presented in the coating layer of tested tefal cookware 

 Main elements found in the coating layer of tested tefal cookware 

Elements F C O Si K Ti Cl Ca S 

Percentage 
(%)* 

79.623a
±0.314 

18.600b
±0.322 

1.203c 
±0.045 

0.280d 
±0.020 

0.110e 
±0.017 

0.080e 
±0.020 

0.047f 
±0.006 

0.033f 
±0.010 

0.024g
±0.003 

* Mean of triplicate samples result ± standard error for metals content; the means, within the same row, having different superscripts are 
significantly varied (at p ≤0.05) 

 

 Figure 2 The environmental scanning electron micrographs of the utensil surfaces by using of X-ray 
microanalysis microanalysis (Module Oxford 6587 INCA x-sight) attached to JEOL JSM-5500 LV scanning electron 

microscopy at 20KV after gold coating using SPI-Module sputter coater (EDX). 
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3.4. Surface morphology for coating of cookware before and after cooking 

The results in current investigation ( Figure 3) shows by using the environmental scanning electron micrographs of the 
surface morphology of Tefal layer before and after cooking (ten times) in either tomatoes paste or white dry beans with 
and without salt (sodium chloride).  

From the obtained results, it could be exhibited that after ten times of cooking in tefal cookware with either tomato 
paste or white dry beans caused some damage in tefal layer, while this damage was appeared a variable levels between 
the tested samples. Firstly, the cooked samples with the table salt had the highest damage in the tefal layer than those 
found in the same cooked samples without salt (in either tomato paste or white dry beans). On the other side, the acidic 
food (tomato paste) was more than the effect on the damage occurred in the tefal layer as compared with the low acidic 
food (white dry beans), where the highest damage was found with the tomato paste with the table salt as compared 
with the other tested samples. The current results revealed that the effect of acidity with the presence of the ions salt 
led to increasing rate of the corrosion levels in exposure surfaces as reported by [32, 33]. The caused corrosion of 
coating layer by re-used of tefal cookware can be indicator to release of some chemicals from coating to foods during 
cooking. 

 

Figure 3 ESEM images of coating surface with and without cooking (ten times): A-ESEM image (coating surface 
without cooking as blank); B- ESEM image (coating surface after 10 times of cooking for tomato pasta without salt; C- 

ESEM image tomato pasta with salt; D- ESEM image white dry beans without salt; E- ESEM image white dry beans with 
salt. 
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3.5. Effect of cooking at different times of tomatoes paste with and without salt on migration of PFOS and 
PFOA compounds to food-contact from tefal cookware 

The Effect of cooking at different times (repeating 1, 5 and 10 times) of tomatoes paste with and without salt on 
migration of PFOS and PFOA compounds to food-contact from Tefal Cookware are listed in Table (4), from the obtained 
data it could be noticed that not detected of either PFOS or PFOA in tomatoes juice (raw tomatoes) without cooking. 

Table 4 The Effect of cooking at different times (repeating) of tomatoes pasta with and without salt on migration of 
PFOS and PFOA compounds to food-contact from Tefal Cookware. 

Cooking times 
(repeating) 

*PFOS (ng/g) **PFOA (ng/g) 

Without salt With salt Without salt With salt 

(Row sample) 0.0 0.0 0.0 0.0 

1 13.72Bc±0.18 18.30Ac±0.001 10.21Bc±0.14 16.55Ac±0.21 

5 31.22Bb±0.20 39.55Ab±0.015 26.20Bb±0.19 34.52Ab±0.11 

10 52.11Ba±0.03 60.33Aa±0.17 48.44Ba±0.23 54.21Aa±0.20 

*Row sample: tomatoes juice without cooking; the obtained results are represented the mean of triplicate determination ± standard error (SE); *the 
means value of PFOS which having different capital superscripts within the same row are significantly varied (at p≤0.05); ** the means value of 
PFOA which having different capital superscripts within the same row are significantly varied (at p≤0.05); means value of repeat cooking time, 

within the same small letters on the same column are significantly different of p < 0.05. 

On the other hand, when the tomatoes paste prepared by cooking at different times (1, 5 and 10); both PFOS and PFOA 
compounds were appeared in all tested samples after cooking with and without salt. Therefore, the amounts of PFOS or 
PFOA in the tested samples with salt were higher than that found in the tested samples without salt at all repeat cooking 
(1, 5 and 10). Also, considerable significant differences in the amount of either PFOS or PFOA were observed between 
the tested samples with and without salt at all different cooking times. Whereas, the maximum amount of PFOS 
(60.33ng/g) was observed in tested tomatoes paste with salt after ten repeat of cooking, which was higher than the 
amount of PFOS (52.11ng/g) in tested tomatoes paste without salt after the corresponding times of cooking. On the 
other side, the same behavior was also observed in the amount of PFOA after ten repeated cook in the same tested 
samples, which was recorded 54.21 ng/g with the tested sample with salt versus to 48.44 ng/g without salt. The present 
results are in agreement with the data obtained by [32] they reported that when increasing salt concentration in food- 
contact, increases the corrosion rate from cookware up to a certain value upon which a decrease is observed to reach a 
plateau of constant corrosion rates. Also, [34] reported that the corrosion rate in cooking utensils was increased by 
increasing the addition of salt. In addition, [33] showed that the leaching of cookware metal to food contact depends on 
constituents and pH of solution, presence of sodium chloride, immersion time, water composition and alloying elements. 

From the same data, it could be also observed that, when the repeat of cooking increased, the amount of either PFOS or 
PFOA was gradually increased. Thereupon, the amount of PFOS was increment from 13.72 to 52.11 ng/g without salt, 
and from 18.30 to 60.33 ng/g with the salt, also the amount of PFOA was increased from 10.21 to 48.44 ng/g without 
salt, and from 16.55 to 54.21 ng/g with salt as the repeated cook increase from one to ten times; respectively.    

These results may be explained by the fact that, the increasing of perflorounated compounds is clearly repeat cooking-
dependent, as it increases with increasing the repeating times of cooking. Also, it is interesting to note that, the repeating 
times of cooking with the salt in the tested samples caused a highly obvious migration of PFOS or PFOA than the same 
times of cooking without salt in the tested samples. 

3.6. Effect of cooking at different times of white dry beans with and without salt on migration of PFOS and 
PFOA compounds to food-contact from tefal cookware 

The Effect of the repeating times of cook on the migration of PFOS and PFOA compounds from Tefal Cookware to white 
dry beans with and without salt are shown in Table (5). From the obtained results, it could be exhibited that the amounts 
of both PFOS and PFOA were progressively increase in the tested samples as the repeating times of cooking increased 
from one to ten times. Also when used the salt (sodium chloride) with the tested samples, the amounts of both PFOS 
and PFOA were increase as compared with the same tested samples without salt. 
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Table 5 The Effect of cooking at different times (repeating) of white dry beans with and without salt on migration of 
PFOS and PFOA compounds to food-contact from Tefal Cookware. 

Cooking times 
(repeating) 

*PFOS (ng/g) **PFOA (ng/g) 

Without salt With salt Without salt With salt 

(Row sample) 0.0 0.0 0.0 0.0 

1 13.11Bc±0.13 18.08Ac±0.19 9.28Bc±0.16 16.03Ac±0.19 

5 29.22Bb±0.16 36.20Ab±0.007 26.11Bb±0.004 33.04Ab±0.27 

10 50.03Ba±0.15 57.24Aa±0.09 45.80Ba±0.08 51.76Aa±0.13 

*Row sample: white dry beans without cooking; the obtained results are represented the mean of triplicate determination ± standard error (SE); 
*the means value of PFOS which having different capital superscripts within the same row are significantly varied (at p≤0.05); ** the means value of 
PFOA which having different capital superscripts within the same row are significantly varied (at p≤0.05); Each mean value of repeat cooking time, 

within the same small letters on the same column are significantly different of p < 0.05. 
 

From the previous data, it could be indicated that there are obvious significant differences (P>0.05) between the tested 
samples cooked with the salt and without salt for content of both PFOS and PFOA at one or 5 or 10 times of repeat 
cooking. The current results are coincidence with the data obtained by [32] which they reported that the increasing 
salinity of the medium increases aluminum leaching for both Indian and Egyptian samples under investigation with up 
to an effect of 6 times more than at salt-free conditions. Likewise, the effect of addition salt to food contact on leaching 
of cookware metal was also investigated by [35]. Their results were relatively comparable with the present data. 

With regards the alteration in the amounts of both PFOS and PFOA in the tested samples as affected by the repeat 
cooking in the Tefal cookware as evident in Table (5), there are significant differences in all tested samples with and 
without salt for the amounts of both PFOS and PFOA between the first to 5th cooking, and also between 5th to 10 th repeat 
cooking. Whereas after the first of cooking, the amount of PFOS in the tested samples was accounted 13.11 and 18.09 
ng/g, while after 5th repeat cooking it was presented 29.22 and 36.20 ng/g, then after 10th repeat cooking it was 
recorded 50.03 and 57.24 ng/g, without and with salt; respectively. On the other side, the amount of PFOA was recorded 
9.28 and 16.03 ng/g after the first cooking, and it was represented 26.11and 33.04 ng/g after 5th repeat of cooking, while 
it was found 45.57 and 51.76 ng/g after 10th repeat of cooking without and with salt; respectively. 

3.7. Effect of repeated cooking at different times of tested foods with and without salt on contents of PFOS and 
PFOA compounds to food-contact from tefal cookware 

The Effect of repeated cooking at different times (1, 5 and 10) of tested foods (tomatoes paste and white dry beans) 
with and without salt on contents of PFOS and PFOA compounds to food-contact from Tefal Cookware are listed in Table 
(6). 

As shown in the obtained results (Table 6), it could be mentioned that both PFOS and PFOA in the acidic tested samples 
(tomatoes paste) after all repeating times of cooking (1, 5 and 10) were more than those found in non- acidic tested 
samples (white dry beans), especially with PFOS content. In this concern, the amount of PFOS after 10 times of repeat 
cooking of tomatoes paste samples was 52.11 and 60.33 ng/g as compared to 50.03 and 57.24 ng/g for white dry beans 
without and with salt; respectively. Also after 10 times of repeat cooking, the amount of PFOA of tomatoes paste as the 
acidic food was 48.44 and 54.21 ng/g versus to 45.80 and 51.76 ng/g of white dry beans without and with salt; 
respectively. These results are accordance with the data obtained by [33,34,36]. Also, [37] showed that tomatoes sauce 
and beans foodstuff have high potentials of leaching metals from cookware possibly due to pH and contact time. 

From previous discussion, it could be observed that, when the repeat of cooking increased from 1 up to 10 times, the 
amounts of Perfluorinated compounds (PFOS and PFOA, especially PFOS) were  progressively  increased  in  the food 
contact (tomatoes paste or white dry beans) from the tefal cookware. On the other side, the addition of table salt to the 
tested samples at all repeat of cooking (1 or 5 or 10 times) caused a highly leaching of perfluorinated from the tefon 
layer to food-contact more than the same tested samples at the same conditions without salt. Therefore, the acidic food 
such as tomatoes paste was more effect on the amounts of both PFOS and PFOA in the food-contact than the non-acidic 
food. 
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Table 6 Effect of repeated cooking at different times of tested foods with and without salt on contents of PFOS and PFOA compounds to food-contact from Tefal 
Cookware. 
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 Without salt With salt Without salt With salt 

1 13.72Bc 

±0.18 

13.11 Bc 

±0.13 

18.30 Ac 

±0.001 

18.08 Ac 

±0.19 

10.21 Bc 

±0.14 

9.28 Cc 

±0.16 

16.55 Ac 

±0.21 

16.03 Ac 

±0.19 

5 31.22 Cb 

±0.20 

29.22 Db 

±0.16 

39.55 Ab 

±0.015 

36.20 Bb 

±0.007 

26.20 Cb 

±0.19 

26.11 Cb 

±0.004 

34.52 Ab 

±0.11 

33.04 Bb 

±0.27 

10 52.11 Ca 

±0.03 

50.03 Da 

±0.15 

60.33 Aa 

±0.17 

57.24 Ba 

±0.09 

48.44 Ca 

±0.23 

45.80 Da 

±0.08 

54.21 Aa 

±0.20 

51.76 Ba 

±0.13 

PFOS: perfluorooctane sulfonate, PFOA: perfluorooctanoic acid, the obtained results are represented the mean of triplicate determination ± standard error (SE); *the means value of PFOS which having 
different capital superscripts within the same row are significantly varied (at p≤0.05); ** the means value of PFOA which having different capital superscripts within the same row are significantly varied 

(at p≤0.05); Each mean value of repeat cooking time, within the same small letters on the same column are significantly different of p < 0.05.
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4. Conclusion 

The presented study was carried on Tefal cookware in two trends.  The first trend, the coating of cookware was analyzed by X-

ray Diffraction (XRD) and X-ray microanalysis (EDX). As well as environmental scanning electron microscopy (ESEM) was 

used to observed the changes that arose on surface by cooking. ESEM images of coating surface observed that repeat of cooking 

in Tefal cookware have been caused some damage of coating. The second trend, effect of repeat cooking times on migration of 

PFOS and PFOA compounds from Tefal cookware to cooked food with and without salt. It is concluded that salt-cooked tomato 

samples had highest concentrations of PFOS followed PFOA throughout usage. Besides that, content of cooked food from 

PFOS and PFOA compounds increased with repeat of cooking times.  
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