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IntroductIon

A group of chemicals polluting the environment, which are 
caused by industrial activity, are a group of phthalic acid 
esters (PAEs). These compounds are important environmental 
pollutants that have been used as plasticizers since 1930 
and account for about 80% of plasticizers.[1,2] The annual 
production of PAEs in the world is approximately 4.0 million 
ton per year.[3] Global consumption of PAEs in the plastics 
industry is estimated at more than 18 billion pounds each 
year.[4,5] PAEs include dimethyl phthalate (DMP), diethyl 
phthalate (DEP), di‑n‑butyl phthalate (DnBP), benzyl butyl 
phthalate (BBP), di (2‑ethyl hexyl) phthalate (DEHP), 
and diisononyl phthalate.[6] PAEs are mainly used as 
emollients and additives in many daily life products such 
as plastic coatings, food packaging, cosmetics, children’s 
toys, medical equipment, and detergents to increase 
flexibility.[4,7‑9] PAEs are used as additives for polymers 
in plastics, especially in polyvinyl chloride (PVC) and 
polyethylene terephthalate (PET).[10] Due to the great 

progress in the plastics industry, PET polymer coating is 
used today for food packaging, especially beverages. These 
materials are widely used due to the nonpenetration of gas 
and other environmental factors into the packaging, good 
mechanical strength, good transparency, easy transportation, 
and reasonable price.[11‑14] PVC is also one of the most widely 
used polymers because it is easy to prepare.[15,16] Due to the 
wide range of applications and the ability of PAEs to leak 
from products even after construction, they can be easily 
found in different environments of water, air, and soil. 
Human exposure to phthalates occurs in a variety of ways, 
the most common of which is ingestion. PAEs do not have 
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any chemical bonds with the plastics or products used in them 
and can easily be released into plastic materials and reach 
food and beverages.[8,17‑19]

Prolonged exposure to phthalate esters threatens everyone, 
especially at‑risk groups such as children, pregnant women, 
and the elderly. These compounds cause damage to the liver, 
kidneys, abnormalities, and even carcinogenicity in humans. 
According to researches, phthalates bind to hormonal receptors 
in the body and cause changes in the structure and function of 
testicular cells, decreased motility and sperm count in males, 
changes in the levels of steroid hormones in females, premature 
puberty, premature birth, and abortion.[17,18,20,21]

The main concern of exposure to PAEs in humans and 
other organisms is the effect of these compounds on the 
reproductive system. The presence of these compounds in 
values greater than the standard value will have, directly and 
indirectly, a negative impact on human health and other living 
organisms[10,18] The US Environmental Protection Agency and 
the European Union (EU) classify PAEs in the list of priority 
pollutants.[22,23]

Dairy products, especially milk, have a very high nutritional 
value for infants and the elderly. Since milk contains 
fats, carbohydrates, proteins, vitamins, and minerals, it 
has a more complex matrix than other samples of liquid 
foods.[24‑26] Phthalates are lipophilic compounds that have a 
high potential for the accumulation in fatty foods, and due 
to the relatively high‑fat content of dairy products, they are 
more likely to contain phthalates than low‑fat foods.[24,26‑28] 
Milk contamination with phthalates occurs through a number 
of different ways, as follows: phthalates that are directly 
absorbed by the animal from the environment (water, food); 
substances that are transferred from tankers and storages to 
milk samples during the process of mechanical milking, and 
the substances that are transported by various types of plastic 
packaging and containers. Therefore, monitoring phthalates in 
milk is very important.[25,26] Ge et al. evaluated the phthalates 
in sheep’s milk that were used to prepare dairy products for 
infants and their results showed that milk products were the 
main exposure source of the infant to phthalates.[29] Fierens 
et al. studied the transfer of phthalates by the milk chain from 
farm level to industry. In this study, in addition to the transfer of 
phthalates in the industry through packaging to dairy products 
and milk, it was also transferred in farm levels through the 
food chain.[24] Lin conducted a study on different packages 
of milk to determine their phthalates, according to which the 
amount of phthalates in packaged milk samples in glass and 
metal containers was much lower than in plastic containers.[30] 
In Iran, Hosseini et al. and Rahimi et al. conducted the studies 
for measuring the migration rate of phthalates in rose water 
and lemon juice, respectively; they confirmed the same 
results and recommended the use of glass or steel containers 
for food packaging.[31,32] Ebrahimi et al. conducted a study 
on the migration of phthalates in bottled water and reported 
the presence of phthalates in water bottles and their adverse 

effect on human health.[33] In a study by Kouhpayeh et al., the 
phthalate esters in doogh also showed that in all doogh samples, 
the highest concentration was related to DEHP.[13]

Due to the high use of phthalate esters in the plastics industry, 
the possibility of their migration from plastic packaging to 
food and the general concern about the contamination of 
dairy products, especially milk, with phthalate esters, the aim 
of this study was to investigate the release of four phthalate 
esters, including DEP, DBP, BBP, and DEHP during the 
allowable consumption time for evaluating the presence 
of the desired compounds in pasteurized milk with plastic 
packaging during production to consumption in one of the 
cities of Iran.

MaterIals and Methods

Material
Standards of four types of phthalates, including BBP, DEP, 
dibutyl phthalate (DBP), and diethylhexyl phthalate (DEHP) 
were purchased from Sigma Aldrich. Acetonitrile, carbon 
tetrachloride, methanol, and trichloroacetic acid with analytical 
purity were prepared from Merck.

Preparation of samples
Using a checklist prepared in person by 20 vendors in reputable 
stores in Isfahan, the best‑selling brand of milk was determined 
by the type of milk packaging (plastic bottle and nylon bag) 
and the types available, in terms of fat content (low‑fat and 
high‑fat); based on this, 7 high consumed brands that were 
available continuously in all seasons were finally selected and 
on the last day of the expiration date, they were collected from 
the stores available in the city and the two factories located 
in the city. According to the ethical issues, brands were coded 
with codes A, B, C, D, E, F, and G, as observed in Table 1. 
Furthermore, the factory samples that were collected after 
final processing and before packaging were labeled with K 
code. Two codes 1 and 2 were used to determine the type of 
plastic bottle and nylon bag packaging. Moreover, two codes, 
X and Y, were utilized to determine low‑fat and high‑fat milk. 
The selected brands were 63 samples with a total of three 
repetitions.

Table 1: Coding and the number of samples

Sampling 
location

Brand Sample 
number

Number of 
repetitions

Total

Store A 4 3 12
B 3 3 9
C 3 3 9
D 2 3 6
E 2 3 6
F 1 3 3
G 1 3 3

Factory A.K 4 3 12
G.K 1 3 3

Sum total 63
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Test method
To synthesize the samples, stock solutions of four phthalates, 
i.e., DEP, DBP, BBP, and DEHP with a concentration of 
1000 mg/L were prepared using their standard sample, and the 
necessary concentrations were prepared using this solution to 
draw the calibration curve.

In this study, the dispersive liquid‑liquid microextraction 
method was used for milk samples.[34] First, 20 ml of milk 
sample was added to a 50 ml glass vial. Then, 0.2 g of 
trichloroacetic acid was added to each of the tested milk 
samples, and Vortex was performed for 60 s and then placed in 
an incubator for 1 h. The sample was centrifuged for 5 min, and 
5 cc of its upper phase was passed through a 0.24 µm syringe 
filter and poured into a secondary glass falcon.

Then, in a vial, 500 µl of acetonitrile (as a disperser solvent) 
and 50 µl of carbon tetrachloride (as an extractor solvent) were 
first mixed. After that, the total volume of the solution obtained 
was injected into the sample by a Hamilton syringe 1000 µl. 
The solution was centrifuged at 4000 rpm for 5 min until a 
cloudy phase formed at the end of the glass falcon. Finally, 2 µl 
of the final phase formed for the analysis were injected into the 
chromatographic gas device (model GC Agilent 7890 and Mass 
5975, made in the United States) under the device conditions, 
according to Table 2. Figure 1 shows the chromatograms of 
phthalate esters in the standard and milk samples.

Statistical analysis
In the present study, the data were reported as mean (standard 
deviation). Data analysis was performed using independent 
t‑tests and analysis of variance. SPSS software (version 22, 
SPSS Inc., Chicago, IL, USA), was used to analyze the data.

results

Sixteen samples of packaged pasteurized milk were 
collected from stores and PAEs were measured using the gas 
chromatography‑mass spectroscopy device. The results are 
shown in Table 3.

In addition to the stores, a part of the milk samples was 
collected from two factories after final processing and before 
packaging. The results of the mean concentrations of phthalate 
esters in pasteurized milk taken from the factories are shown 
in Table 4. In addition, 7 high‑consumed brands of milk 
were examined in this study [Figure 2], which the highest 
concentration of phthalate esters was related to brand D at 
0.42 µg/l.

dIscussIon

According to Table 3, the highest mean concentrations of 
phthalate esters, i.e., DEP, DBP, DEHP, and BBP in 16 samples 
collected from stores were 0.05 µg/l, 0.06 µg/l, 0.25 µg/l, 
and 0.25 µg/l, respectively. Among the mean concentrations 
obtained, the maximum value was related to DEHP and 
BBP. Among the analyzed samples, the D1y brand, which 
is a full‑fat milk sample, had the highest total phthalate 
esters (0.59 µg/l). The predominance of DEHP among other 
phthalate ester isomers has also been demonstrated in other 
studies due to its widespread use in a variety of products, 
and the allocation of 35% of the total global production of 
phthalates has been proven in previous studies.[18] Based 
on the results of evaluating the exposure of toxic effects of 

Table 2: Gas chromatography/mass spectrometry device 
condition for the analysis of the samples

Parameter Value
Injector temperature 280°C
Mode split 5:1
Dimension columns DB5 30 m × 250 µm × 0.25 µm
Columns flow (He) 0.5 ml/min
Oven temperature 100°C hold for 5 min,

15°C/min to 280°C
Maximum oven temperature 280°C hold for 7 min
Run time 24 min
Thermal aux 300°C
Solvent delay 13 min

Figure 1: Chromatograms of phthalate esters in standard (a) and milk samples (b)

ba
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phthalates, especially diethyl hexyl phthalates to humans 
and animals, the Environmental Protection Agency and the 
Canadian Health Organization emphasized the need to monitor 
DEHP levels in foods in contact with products containing 
plasticizers[11] In 2014, Şenlik et al. studied the level of six 
phthalate esters (DEHP, BBP, DBP, DEP,…) in pasteurized 
milk samples and packaged pasteurized milk samples. In 
their study, DBP (3–5 ng/g) and DEHP (0.4–4 ng/g) had the 
highest concentrations in pasteurized milk. Then, packaged 
pasteurized milk was examined, and it was observed that 

the highest concentrations were related to DBP (1–2 ng/g) 
and DEHP (62–30 ng/g). Because DEHP was higher in 
packaged milk, DEHP migration from packaging to milk 
was confirmed.[28] Fierens et al. evaluated the transfer rate 
of phthalate esters through the milk chain. Their results 
indicated that most phthalate contaminants are related to 
DiBP, DnBP, DEHP, and BzBP compounds. Phthalate at 
farms level is likely to be transferred through the cattle feed 
chain and mechanical milking process, and in industry and 
retail through the packaging of milk and dairy products. In 
industry, the rate of DEHP increased from 364 to 426 µg/kg 
during pasteurization and cooling.[24] The results of the studies 
are similar to the results of this study.

In addition to the stores, a part of the milk samples from 
two factories was prepared after final processing and 
before packaging. The results of the mean concentration of 
phthalate esters are shown in Table 4. According to this table, 
the highest mean concentrations of four phthalate esters, 
including DEP, DBP, DEHP, and BBP, in the 5 samples 
collected from the factories were 0.02 µg/l, 0.04 µg/l, 
0.05 µg/l, and 0.1 µg/l, respectively. According to these 
results, the highest values obtained for each compound 
were related to high‑fat milk samples. Among the mean 
concentrations obtained, the maximum value was related 
to BBP. It is noteworthy that the mean DEP concentration 

Table 3: Mean concentration of phthalate esters in pasteurized milk with plastic packaging (store) (µg/l)

Sample milk DEP DBP DEHP BBP 𝚺PAEs
A1x 0.02±0.006 0.03±0.014 0.09±0.085 0.09±0.033 0.23
A1y 0.02±0.003 0.02±0.011 0.06±0.043 0.05±0.031 0.15
A2x 0.02±0.004 0.02±0.007 0.07±0.046 0.05±0.032 0.16
A2y 0.05±0.03 0.03±0.017 0.1±0.099 0.09±0.086 0.27
B1x 0.02±0.007 0.03±0.001 0.12±0.105 0.09±0.024 0.26
B1y 0.02±0.002 0.03±0.013 0.09±0.034 0.1±0.068 0.24
B2x 0.02±0.002 0.02±0.005 0.07±0.027 0.05±0.02 0.16
C1x 0.02±0.005 0.03±0.006 0.09±0.053 0.09±0.036 0.23
C1y 0.02±0.005 0.03±0.019 0.06±0.044 0.11±0.097 0.22
C2x 0.03±0.003 0.02±0.01 0.14±0.101 0.15±0.168 0.34
D1x 0.02±0.019 0.03±0.005 0.08±0.045 0.08±0.037 0.21
D1y 0.03±0.002 0.06±0.023 0.25±0.222 0.25±0.183 0.59
E1x 0.02±0.001 0.03±0.01 0.08±0.016 0.07±0.035 0.20
E1y 0.03±0.009 0.04±0.015 0.16±0.114 0.13±0.086 0.36
F2x 0.02±0.002 0.03±0.011 0.07±0.036 0.07±0.043 0.19
G2y 0.03±0.003 0.03±0.012 0.07±0.026 0.07±0.039 0.20
DEP: Diethyl phthalate, DBP: Dibutyl phthalate, BBP: Benzyl butyl phthalate, DEHP: Diethylhexyl phthalate, PAEs: Phthalic acid esters

Table 4: Average concentration of phthalate esters in pasteurized milk (factory) (µg/l)

Sample milk DEP DBP DEHP BBP 𝚺PAEs
A1x.K ND 0.02±0.006 0.03±0.003 0.05±0.029 0.1
A1y.K ND 0.04±0.0003 0.02±0.007 0.1±0.002 0.16
A2x.K ND 0.04±0.01 0.02±0.006 0.08±0.013 0.14
A2y.K ND 0.03±0.012 0.05±0.019 0.07±0.053 0.15
G2y.K 0.02±0.003 0.02±0.0005 0.03±0.00005 0.03±0.00002 0.1
ND: Not detected, DEP: Diethyl phthalate, DBP: Dibutyl phthalate, BBP: Benzyl butyl phthalate, DEHP: Diethylhexyl phthalate, PAEs: Phthalic acid esters

0.03 0.03 0.08 0.07 0.21

0.02 0.03 0.09 0.08 0.22

0.02 0.03 0.1 0.12 0.27

0.03 0.05 0.17 0.17 0.42

0.03 0.04
0.12 0.1 0.29

0.02 0.03 0.07 0.07 0.19
0.03 0.03 0.07 0.07 0.2

D E P D B P D E H P B B P ∑ P A E S

A B C D E F G

Figure 2: Comparison of the mean concentration of phthalate esters 
between different brands (µg/l)
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was not found in the four samples and was observed only 
in the G2y. K brand. Among the samples, the A1y. K brand, 
a high‑fat milk sample, had the highest total phthalate 
esters (0.16 µg/l). In the general population, high‑fat foods 
are believed to be the main source of exposure to phthalate 
esters.[35]

In 2016, Sajid et al. investigated the levels of phthalate esters 
in milk samples in Saudi Arabia, they examined three brands of 
milk and observed that BBP concentration in one of the brands 
was 15.8 µg/L. Their results also showed that DEP, DIBP, 
and BEEP were not observed.[26] Selvaraj et al. examined the 
exposure of phthalates in milk and water bottles. According 
to these results, the highest levels of phthalates in milk and 
water bottles were 686 ng/l and 7820 ng/l, respectively, and 
the highest value was related to DEHP. They also obtained 
mean concentrations in packaged milk (245 ng/l) and raw 
milk (134 ng/l). In general, among the phthalates, the lowest 
health risk was related to DEP and the highest was related 
to DEHP.[36] Yan et al. examined milk packaged with plastic 
bottles in terms of the presence of phthalate esters. In this 
study, the highest amount of phthalate ester was related to 
DBP (5.21 ng/g) and no other phthalate esters, including 
DEP, were found. According to these results, the penetration 
of phthalate esters from plastic packaging to milk samples 
was confirmed.[37] The results of the studies are similar to the 
results of this study.

In this study, 7 high‑consumed brands of milk were examined 
separately [Figure 2], in which the highest concentration 
of phthalate esters was related to brand D at 0.42 µg/l. 
Furthermore, the highest mean concentration of DEHP, which 
has been proven to be a very dangerous and carcinogenic 
compound, was related to the D brand. In addition to DEHP, 
another compound with a high mean concentration is BBP, 
which was also the highest in the D brand. Jia et al. measured 
phthalate esters in dairy products. In their study, DEHP with 
concentration range (1–936 µg/kg) was found in almost all milk 
and yogurt samples.[38] In a study conducted in Belgium (2012) 
on eight major dietary phthalates, it was found that DEHP was 
the compound with the highest transfer to food products. In 
this study, food was examined in four different groups in terms 
of DEHP, and it was observed that high‑fat foods (305 g/kg), 
low‑fat foods (19.2 g/kg), and watery foods (0.16 g/kg), and 
packaging (5.1 ng/cm2) contained phthalate compounds.[39] The 
results of the studies are shown in Table 5 which is similar to 
the results of this study.

Since there are no national or international standards for 
phthalate esters in milk, the standards established for 
mineral water were used in this study. According to EPA 
rules, the maximum contaminant level (MCL) goals for 
diethyl hexyl phthalate (DEHP) are zero. The MCL for 
DEHP was determined to be 6 µg/l in drinking water. The 
WHO and the EU have also set a permissible level of 8 µg/l 
for DEHP. Except for DEHP, the amount of MCL in drinking 
water has not been determined for other phthalates.[12,13,26] 

According to the study, the mean concentrations of DEP, 
DBP, DEHP, and BBP in all samples were lower than the 
standard. The highest mean concentrations of DEHP and 
BBP were 0.25 µg/l; but in all cases, it was lower than the 
standard set by EPA, WHO, and EU in drinking water. 
There was no statistically significant difference between 
different brands of milk samples, and the P < 0.05 only 
for DEHP and there was a significant difference between 
different brands of milk packaging due to the difference in 
DEHP values [Table 6].

conclusIon

The results of this study showed that among the 7 brands 
studied, brand D had the highest amount of phthalate esters in 
pasteurized milk with plastic packaging. In this brand, DEHP 
and BBP, which are dangerous and carcinogenic compounds, 
had the highest levels. After this brand, the highest amount 
of phthalates was related to the brand E. Among the brands 
surveyed, the brand F had the lowest levels of phthalates; in 
this brand, the two mentioned compounds (DEHP and BBP) 
had the lowest levels. Because phthalate esters are lipophilic 
compounds, they have a high potential for the accumulation 
in fatty foods. According to the samples taken from stores and 
factories, the highest phthalate esters were related to high‑fat 
brands.

According to the analysis, the total number of phthalates esters 
measured in most samples collected from stores was higher 
than factories. Therefore, by summarizing the research, it can 
be understood that one of the important factors in the high 
rate of phthalate esters in the samples taken from stores was 
the plastic coating of pasteurized milk, which over time, the 
releases more phthalate esters into food in contact with plastic 
coating. In general, the results of this study were indicative 
of a low mean concentration of phthalate esters (DEP, DBP, 

Table 5: Overview of phthalic acid esters concentrations 
in milk samples obtained in several studies

PAEs Concentrations Type of milk References
BBP 15.8 µg/kg Pasteurized milk [26]
DBP‑DEHP 1‑2 to 30‑62 ng/g Pasteurized milk [28]
DBP 5.21 ng/g bottles milk [37]
DEHP 85 µg/kg Pasteurized milk [38]
DEP: Diethyl phthalate, DBP: Dibutyl phthalate, BBP: Benzyl butyl 
phthalate, DEHP: Diethylhexyl phthalate, PAEs: Phthalic acid esters

Table 6: Statistical analysis of ANOVA test for phthalate 
derivatives determined in different brands of milk samples

Phthalate esters P
DEP 0.989
DBP 0.181
DEHP 0.040
BBP 0.108
DEP: Diethyl phthalate, DBP: Dibutyl phthalate, BBP: Benzyl butyl 
phthalate, DEHP: Diethylhexyl phthalate
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DEHP, and BBP) in pasteurized milk with plastic packaging, 
and according to Table 5, the results were consistent with the 
results of other researches. The values obtained were lower 
than the standard.

According to the results, the use of pasteurized milk with 
plastic packaging is not considered as a dangerous source of 
exposure to phthalate esters and the share of pasteurized milk 
with plastic packaging is insignificant in terms of the presence 
of phthalate esters. Therefore, the use of pasteurized milk 
with plastic coatings in the short term does not pose a risk to 
the consumer, but in the long term, these substances can be 
problematic due to their accumulation of these substances in 
the body.

Acknowledgments
This research was supported by Student Research Committee 
of Isfahan University of Medical Sciences in 2018 with the 
project number of 397525 and the ethics code of IR.MUI.
MED.REC.1397.186, which has been implemented with the 
financial support of Isfahan University of Medical Sciences. 
The authors appreciate their support.

Financial support and sponsorship
Isfahan University of Medical Sciences, Isfahan, Iran.

Conflicts of interest
There are no conflicts of interest.

references
1. Ahmadi E, Gholami M, Farzadkia M, Nabizadeh R, Esrafili A, Azari A. 

Evaluation of Diethyl phthalate and Diallyl phthalate biodegradation 
mechanisms in the treatment of synthetic wastewater. J Health Field 
2017;2:38‑44.

2. Raeisi A, Faghihi K, Shabanian M. Designed biocompatible 
nano‑inhibitor based on poly (β‑cyclodextrin‑ester) for reduction of 
the DEHP migration from plasticized PVC. Carbohydrate Polymers 
2017;174:858‑68.

3. Yue ME, Xu J, Hou WG. Determination of five phthalate esters in running 
water and milk by micellar electrokinetic capillary chromatography. 
J Analytical Chem 2015;70:1147‑52.

4. Liu X, Sun Z, Chen G, Zhang W, Cai Y, Kong R, et al. Determination of 
phthalate esters in environmental water by magnetic Zeolitic Imidazolate 
Framework‑8 solid‑phase extraction coupled with high‑performance 
liquid chromatography. J Chromatogr A 2015;1409:46‑52.

5. Zhang Q, Wang C, Lei Y. Fenton’s oxidation kinetics, pathway, and 
toxicity evaluation of diethyl phthalate in aqueous solution. J Adv 
Oxidat Technol 2016;19:125‑33.

6. Fierens T, Van Holderbeke M, Willems H, De Henauw S, Sioen I. 
Phthalates in Belgian cow’s milk and the role of feed and other 
contamination pathways at farm level. Food Chem Toxicol 
2012;50:2945‑53.

7. Hsu NY, Liu YC, Lee CW, Lee CC, Su HJ. Higher moisture content 
is associated with greater emissions of DEHP from PVC wallpaper. 
Environ Res 2017;152:1‑6.

8. Lou C, Guo D, Zhang K, Wu C, Zhang P, Zhu Y. Simultaneous 
determination of 11 phthalate esters in bottled beverages by graphene 
oxide coated hollow fiber membrane extraction coupled with 
supercritical fluid chromatography. Anal Chim Acta 2018;1007:71‑9.

9. Amin MM, Ebrahimpour K, Parastar S, Shoshtari‑Yeganeh B, 
Hashemi M. Method development of di‑(2‑ethylhexyl) phthalate 
metabolites detection by dispersive liquid‑liquid microextraction gas 
chromatography‑mass spectrometry from urine. International J Environ 
Health Eng 2018;7:4.

10. Salazar‑Beltrán D, Hinojosa‑Reyes L, Ruiz‑Ruiz E, 
Hernández‑Ramírez A, Guzmán‑Mar JL. Phthalates in beverages and 
plastic bottles: Sample preparation and determination. Food Analytical 
Methods 2018;11:48‑61.

11. Jeddi MZ, Rastkari N, Ahmadkhaniha R, Yunesian M. Endocrine 
disruptor phthalates in bottled water: Daily exposure and health risk 
assessment in pregnant and lactating women. Environ Monit Assess 
2016;188:534.

12. Moazzen M, Rastkari N, Alimohammadi M, Shariatifar N, 
Ahmadkhaniha R, Nazmara S, et al. Assessment of phthalate esters in 
a variety of carbonated beverages bottled in PET. J Environ Health Eng 
2014;2:7‑18.

13. Kouhpayeh A, Moazzen M, Jahed Khaniki GR, Dobaradaran S, 
Shariatifar N, Ahmadloo M, et al. Extraction and determination 
of phthalate esters (PAEs) in Doogh. J Mazandaran Univ Med Sci 
2017;26:257‑67.

14. Abrari K, Zandi P, Ghadiri M, Mazloumi M. Study on the migration 
of terephthalates from pet bottles of sunflower oil, production of pars 
vegetable oil. Iran Food Sci Technol Res J 2009;4:1‑10.

15. Abdel daiem MM, Rivera‑Utrilla J, Ocampo‑Pérez R, Méndez‑Díaz JD, 
Sánchez‑Polo M. Environmental impact of phthalic acid esters and their 
removal from water and sediments by different technologies‑a review. 
J Environ Manage 2012;109:164‑78.

16. Wang W, Xu X, Fan CQ. Health hazard assessment of occupationally 
di‑(2‑ethylhexyl)‑phthalate‑exposed workers in China. Chemosphere 
2015;120:37‑44.

17. Fang H, Wang J, Lynch RA. Migration of di (2‑ethylhexyl) 
phthalate (DEHP) and di‑n‑butylphthalate (DBP) from polypropylene 
food containers. Food Control 2017;73:1298‑302.

18. Hassanzadeh N, Esmaili Sari A, Khodabandeh S, Bahramifar N. The 
Concentrations of Di (2‑Ethylhexyl) Phthalate (DEHP) and Di‑n‑Butyl 
Phthalate (DnBP) in the surface waters of Anzali wetland in may 2013. 
J Mazandaran Univ Med Sci 2014;24:204‑13.

19. Jiao C, Ma R, Li M, Hao L, Wang C, Wu Q, et al. Magnetic 
cobalt‑nitrogen‑doped carbon microspheres for the preconcentration of 
phthalate esters from beverage and milk samples. Microchimica Acta 
2017;184:2551‑9.

20. Olujimi O, Abubakar R, Fabusoro E, Sodiya C, Ojo O, Towolawi A. 
Levels of heavy metals in local milk and cheese, and phthalate esters in 
cheese by settled Fulani pastoralists in Ogun and Oyo states, Nigeria. 
Nigerian Food J 2018;36:12‑20.

21. Zarean M, Bina B, Ebrahimi A, Pourzamani H, Esteki F. Degradation 
of di‑2‑ethylhexyl phthalate in aqueous solution by advanced oxidation 
process. Int J Environ Health Eng 2015;4:34.

22. Chen WC, Huang HC, Wang YS, Yen JH. Effect of benzyl butyl phthalate 
on physiology and proteome characterization of water celery (Ipomoea 
aquatica Forsk.). Ecotoxicol Environ Saf 2011;74:1325‑30.

23. Wang M, Yang F, Liu L, Cheng C, Yang Y. Ionic liquid‑based surfactant 
extraction coupled with magnetic dispersive µ‑solid phase extraction 
for the determination of phthalate esters in packaging milk samples by 
HPLC. Food Analytical Methods 2017;10:1745‑54.

24. Fierens T, Van Holderbeke M, Willems H, De Henauw S, Sioen I. 
Transfer of eight phthalates through the milk chain‑a case study. Environ 
Int 2013;51:1‑7.

25. Liu D, Min S, Ping H, Song X. The application of directly suspended 
droplet microextraction for the evaluation of phthalic acid esters in 
cow’s milk by gas chromatography mass spectrometry. J Chromatogr A 
2016;1443:66‑74.

26. Sajid M, Basheer C, Alsharaa A, Narasimhan K, Buhmeida A, Al 
Qahtani M, et al. Development of natural sorbent based micro‑solid‑phase 
extraction for determination of phthalate esters in milk samples. Anal 
Chim Acta 2016;924:35‑44.

27. Farajzadeh MA, Djozan D, Reza M, Mogaddam A, Norouzi J. 
Determination of phthalate esters in cow milk samples using dispersive 
liquid‑liquid microextraction coupled with gas chromatography followed 
by flame ionization and mass spectrometric detection. J Separation Sci 
2012;35:742‑9.

28. Şenlik D. Evaluation of Phthalate Esters In Pasteurized Milk Samples And 
Their Packages By Gas Chromatography‑Mass Spectroscopy (Gc‑Ms): 
Middle East Technical University; 2014. p. 92.

[Downloaded free from http://www.ijehe.org on Tuesday, January 17, 2023, IP: 243.97.213.211]



Moradian, et al.: Release of phthalate esters in pasteurized milk samples

International Journal of Environmental Health Engineering ¦ 2020 7

29. Ge WP, Yang XJ, Wu XY, Wang Z, Geng W, Guo CF. Phthalate residue 
in goat milk‑based infant formulas manufactured in China. J Dairy Sci 
2016;99:7776‑81.

30. Lin J, Chen W, Zhu H, Wang C. Determination of free and total phthalates 
in commercial whole milk products in different packaging materials by 
gas chromatography‑mass spectrometry. J Dairy Sci 2015;98:8278‑84.

31. Hosseini S, Homayouni A, Ghanbarzadeh B, Sobhani Z, Yousefi G. 
Migration of dibutyl phthalate and dimethyl phthalate in rose water 
packaged in polyethylene terephthalate containers. Iran J Nutrit Sci 
Food Technol 2016;11:95‑104.

32. Rahimi L, Ghanbarzadeh B, Dehghannya J. Migration of phthalate 
esters from polyethylene terephthalate into a lemon juice simulant. Iran 
Food Sci Technol Res J 2016;12:79‑87.

33. Ebrahimi A, Moazeni M, Esfandiari Z, Estaki F, Majd AMS, Mirlohi M, 
et al. Qualitative evaluation of bottled water stored in polyethylene 
terephtalate based on organic chemical compounds. Anuário do Instituto 
de Geociências 2016;39:29‑35.

34. Pourzamani H, Falahati M, Rastegari F, Ebrahim K. Freeze‑melting 
process significantly decreases phthalate ester plasticizer levels in 
drinking water stored in polyethylene terephthalate (PET) bottles. Water 

Sci Technol Water Suppl 2017;17:745‑51.
35. Najmikargan B, KargariRezapour A, Sharifi R. The effects of levels of 

oral Di‑(2‑ethylhexyl) phthalate on glycemic response in mice. J Fasa 
Univ Med Sci 2018;8:601‑7.

36. Selvaraj KK, Mubarakali H, Rathinam M, Harikumar L, Sampath S, 
Shanmugam G, et al. Cumulative exposure and dietary risk assessment 
of phthalates in bottled water and bovine milk samples: A preliminary 
case study in Tamil Nadu, Indian. Human Ecol Risk Assessment 
2016;22:1166‑82.

37. Yan H, Cheng X, Liu B. Simultaneous determination of six phthalate 
esters in bottled milks using ultrasound‑assisted dispersive liquid‑liquid 
microextraction coupled with gas chromatography. J Chromatogr B 
Analyt Technol Biomed Life Sci 2011;879:2507‑12.

38. Jia W, Chu X, Ling Y, Huang J, Chang J. Analysis of phthalates 
in milk and milk products by liquid chromatography coupled to 
quadrupole Orbitrap high‑resolution mass spectrometry. J Chromatogr 
A 2014;1362:110‑8.

39. Fierens T, Servaes K, Van Holderbeke M, Geerts L, De Henauw S, Sioen I, 
et al. Analysis of phthalates in food products and packaging materials 
sold on the Belgian market. Food Chem Toxicol 2012;50:2575‑83.

[Downloaded free from http://www.ijehe.org on Tuesday, January 17, 2023, IP: 243.97.213.211]


