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Abstract- The determination of dimethyl phthalate (DMP) that leached from twenty-four brands of plastic bottles in 
Thailand revealed the environment, conditions such as storage temperature, acid solution and chloride solution leads to the 
degradation process of PET polymer and phthalate compounds molecules could migrate from the inner surface area of a PET 
bottle, in contact with food into the food itself. The thermal degradation process of PET polymer occurred when 
temperatures increased and led to higher dimethyl phthalate leaching into the PET bottle. Moreover, the increasing of storage 
temperature could enhance the hydrolytic degradation process of PET polymer, leading to an increase in the dimethyl 
phthalate leached from the PET bottle at higher temperatures. In addition, High Performance Liquid Chromatography 
(HPLC) analysis could detect the peak of dimethyl phthalate that leaching from PET bottles when increased storage duration 
time and concentration of NaCl solution at temperature 600C 
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I. INTRODUCTION 
 
Plastic bottles are commonly used in food 
manufacturing and replaced glass bottles in many 
products including condiments due to their 
lightweight nature and low production costs. Plastic 
bottles are formed by using a variety of techniques 
and materials that depend on the application. The 
plastic food container has been found to represent a 
source of contamination itself through the migration 
of substances such as additives and residual 
monomers in the starting materials of plastics and 
decomposition products from additives or monomers 
from the container into food. Plastic food packages 
may contain additives such as dyes, pigments, 
antioxidants, antifogging agents, plasticizers and 
stabilizers that are low levels and may migrate into 
the packaged food. [1, 2] Phthalate compounds are 
widely used as additives in plastic products such as 
di-2-ethylhexyl phthalate (DEHP) are primarily used 
as plasticizers, diethyl phthalate (DEP) are widely 
used as solvents to hold color and scent. Dimethyl 
phthalate (DMP) is a manufactured chemical.  
It is used mostly as a solvent and plasticizer for 
cellulose acetate and cellulose acetate-butyrate 
manufacturing. [3] In studies of rodents exposed to 
certain phthalates, high doses have been shown to 
change hormone levels and cause birth defects. 
Phthalate compounds can have an adverse endocrine 
disruptive effect on humans. PET plastic bottles are 
not only used for drinking water but widely used as 
food containers. Thus, the objective of this study was 
focused on the environmental conditions of food 
containers (condiment bottles) such as storage 
temperature, acid conditions and chloride conditions 
of food products that are related to the dimethyl 

phthalate (DMP) leaching from PET plastic bottles 
into food. 
 
II. DETAILS EXPERIMENTAL 
  
2.1. Collection of plastic bottles 
The condiment bottles that were used as the materials 
for dimethyl phthalate detection were collected from 
the supermarkets and convenience stores in Thailand 
and included fish sauce bottles, distilled vinegar 
bottles, tomato ketchup bottles and chilli sauce 
bottles. Twenty-four brands of the commercial 
condiments were purchased by consideration of the 
type of plastic material and the different type of 
condiment. The test bottles were washed many times 
with clean water and dried at room temperature. 
 
2.2. Condition experiments 
One brand of plastic container that had the highest 
dimethyl phthalate concentration leaching into the 
bottle was used as the test material in this study. The 
condition treatments were temperature incubation, pH 
solution, sunlight exposure and NaCl solution. Plastic 
bottle samples were added to distilled water (300 mL) 
by varying solution for each treatments and held for 5 
days. Temperature incubation experiments were held 
at temperature 4ºC, 20ºC, 40ºC, 60ºC and room 
temperature (~30ºC). The pH solution was conducted 
over a range of pHs from 2.0 to 7.0, adjusted with 1.0 
M NaOH or 1.0 M H2SO4 in distilled water. The 
NaCl solutions were prepared by varying the 
concentration of NaCl from 0.1% to 6.0%. Sunlight 
exposure tests were conducted in the outdoor part of 
laboratory building. Control samples wrapped in 
aluminium foil to prevent sunlight were placed 
outdoors to be exposed to the same air temperatures). 
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The NaCl solutions were prepared by varying the 
concentration of NaCl from 0.1% to 6.0%. Plastic 
container samples were hold at room temperature (30 
ºC) for 5 days. Sunlight exposure tests were 
conducted in the outdoor part of the laboratory 
building. Control samples wrapped in aluminium foil 
to prevent sunlight were placed outdoors to be 
exposed to the same air temperatures. 
The HPLC-UV system has an LC-10AD pump, 
SPD10-Avp UV detector and analyzed with CLASS-
VP software (Shimadzu, Japan). The separations were 
performed on an ODS-3-C18 column (250 mm × 4.6 
mm i.d., particle size 5 µm, Inertsil, Japan). The 
mixture of mobile phase were used the ratio 50:50 of 
acetonitrile and potassium phosphate buffer (pH 2.5) 
(v:v) for dimethyl phthalate detection. The 226 nm 
wavelength of the UV detector was selected for all of 
phthalate compounds. The injector volume was 40 µL 
and peak high was used as the analytical 
measurement. All of the reagents that used in 
phthalate compounds experiment were HPLC grade. 
Standard solution of dimethyl phthalate was prepared 
by dissolving in ethanol and used in 24 hours. A 300 
mL of sample solution was extracted with 100 mL of 
hexane. After phase separation, the extracted solution 
was collected and concentrated to 10 mL by 
evaporation under hood instrument (at room 
temperature) and keep in glass tube. 1.0 mL of 
samples were collected by using syringe and filtrated 
with 0.2 m syringe filter (diameter 13 mm, pore size 
0.2 m). The changing of pH system was carried out 
by pH meter (Mettler Delta 340). 
 
III. RESULTS AND DISCUSSION 
 
3.1. Effect of pH solution on dimethyl phthalate 
leached from plastic bottles 
               The PET bottle was added to a variety of pH 
solutions in the pH range of 2.0–7.0 and held at room 
temperature (300C) for 5 days. The pH solution test 
was studied in acidic and neutral conditions because 
some condiments were typically acidic food. [4] 

Commercially processed bottles for tomato sauce and 
ketchup are heat-treated to destroy organisms and 
have an acid addition for preventing the growth of 
organisms. Figure 1 shows the concentrations of 
dimethyl phthalate that leached from the PET bottle 
in the pH range 2.0 to 6.0 were not different. The 
dimethyl phthalate detection was increased in 
distilled water with pH 7.0. It shown that dimethyl 
phthalate compound could leach from PET bottle in 
the solution with neutral pH (pH 7.0) higher than the 
solution with acidic pH (pH 2.0 – 6.0). 
 
3.2. Effect of temperature storage on dimethyl 
phthalate leached from plastic bottles 
The temperature tests were conducted at temperatures 
of 40C, 200C, 400C and 600C for 5 days. The result of 
increasing storage temperatures led to higher 
concentration of dimethyl phthalate leaching into the 

condiment bottle. At storage temperature 60 ºC, 
dimethyl phthalate concentration reached 15.30 ng L-

1 (Fig.2). The changing in polymer properties due to 
physical, chemical and biological reactions resulting 
in bond scissions and subsequent chemical 
transformations are categorized as polymer 
degradation. [5]  The degradation of plastic indicates 
the changing in material properties such as 
mechanical, cracking, erosion, optical or electrical 
characteristics in crazing, discoloration and phase 
separation. Thermal degradations are similar and are 
classified as oxidative degradation and occur 
throughout the bulk of the polymer sample. The 
depolymerisation reaction in thermal degradation 
initiated at imperfections in the chain structure form a 
weak link where depolymerisation starts, such as an 
initiator fragment, peroxide and ether link. Random 
degradation occurs at any random point along the 
polymer chain.  A lot of addition polymers 
depolymerize when temperature increase. [6, 7] 
Chemical additives present as traces and degradation 
products could migrate from the PET bottle to the 
water. 
 
3.3. Effect of NaCl solutions on dimethyl phthalate 
leached from plastic bottles 
The condiment bottle samples were added to NaCl 
solutions by varying the concentration of NaCl from 
0.1% to 6.0% and held at room temperature (30 ºC) 
for 5 days. In high concentration of NaCl solutions, 
dimethyl phthalate could be leached from the 
condiment bottle into solution and might be degraded 
by reactive oxygen species which occurred in the 
solution (Fig.3). The result showed that the 
concentration of NaCl could enhance dimethyl 
phthalate degradation in the presence of reactive 
oxygen species such as OCl- which is the reactive Cl 
compounds might be formed in the NaCl solution. 
The mechanism of OCl- generation is not known.  
 
3.4. The relationship of system pH and temperature 
storage on dimethyl phthalate leached from plastic 
bottles 
The PET bottle was added to a variety of pH solution 
in the pH range of 2.0–7.0 and held at temperatures of 
40C, 200C, 400C and 600C for 5 days. The 
relationship between pH solutions and temperature 
storage on dimethyl phthalate leached from PET 
bottle is shown in Figure 4. The effect of storage 
temperature plays an important role in dimethyl 
phthalate leaching. Increasing storage temperatures 
led to higher concentration of dimethyl phthalate 
leaching into the condiment bottle. The important 
degradation mechanisms of PET bottles that occurred 
in this study are thermal and hydrolytic degradation. 
The microstructure of the PET polymer is sensitive to 
humid conditions at temperatures above the glass-
transition temperature and led to the PET degradation 
process. Hydrolytic degradation usually occurred for 
a broad range of hydrolysable PET polymers and 
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caused the loss of properties in PET.[8, 9] It suggested 
that the increasing of storage temperature could 
enhance the hydrolytic degradation process of PET 
polymer and caused higher antimony leaching from 
PET in neutral condition.  
The hydrolytic degradation of polyester includes 
chain scission reactions at ester linkages and each 
water molecule breaks down one ester bond, leading 
to the creation of one carboxyl and one hydroxyl end 
group. It is expected that an increase in the time of 
hydrolysis will cause an increase in the concentration 
of carboxyl end groups. The hydrolytic degradation 
of polyester in acidic, neutral and alkaline 
environments are different and this degradation 
mechanism depends on the environmental conditions. 
Under acidic conditions, the accelerated hydrolysis 
involves protonation of the in-chain oxygen atom of 
the ester group followed by a reaction with water to 
produce equivalent amounts of hydroxyl and carboxyl 
end groups. Under alkaline conditions, the hydroxide 
anion attacks the carboxyl oxygen atom to produce 
equivalent amounts of hydroxyl and carboxyl end 
groups. Moreover, under acidic or basic conditions, 
the rate of hydrolysis increases significantly.[10, 11, 12]  
 
3.5. Effect of sunlight on dimethyl phthalate leached 
from plastic bottles 
Table 1 shows that the sunlight had no effect on 
dimethyl phthalate leaching over the time studied 
when compared with the control conditions (dark 
condition) .  HPLC/ UV chromatogram of the 
condiment bottle in sunlight occurred at a higher peak 
at a retention time of 5.014 minutes (Fig.5). It was 
suggested that dimethyl phthalate could be leached 
from the bottle into solution while dimethyl phthalate 
in the solution could be degraded by sunlight. The 
intermediate products that occurred in the 
photodegradation process of dimethyl phthalate were 
detected by HPLC. When the plastics such as 
polyethylene terephthalate (PET) are used in outdoor 
applications, the important factors such as sunlight, 
humidity and oxygen could make the polymer to loss 
of the mechanical properties and changes in 
aesthetical properties (photodegradation process). [13] 
 Photodegradation is mainly caused by two factors 
that are the high level of UV absorption of the 
polymer and the limited diffusion of oxygen into the 
polymer. The combination of the UV absorption 
spectrum of the polymer and the spectral distribution 
of the irradiated light determines the penetration 
depth of the radiation and subsequently the 
distribution of degradation products throughout the 
PET surface. [14] The photodegradation phenomenon 
can be explained by using Beer-Lambert’s law as in 
Eq. (1). [15] 
 
  A   =   log10  (I0 / I)  =     αL                   (1)                                    
where A is the absorbance, I0 is the intensity of the 
light before it enters the material, I is the intensity of 
light which passed through the material, L is the 

thickness of the material and the absorption 
coefficient α is a material property that defines the 
extent to which a material absorbs light. 
Photodegradation is the process of decomposition of 
the material by the action of light.  The synthetic 
polymers are susceptible to degradation initiated by 
UV and visible light. The wavelength of UV 
radiations 290-400 nm in the sunlight determine the 
lifetime of polymeric materials in outdoor 
applications. [16] Photodegradation is known as a 
surface effect, where most of the photodegradation 
products are concentrated at the surface of UV 
irradiated material. [17] The damaging effects of 
photodegradation are the visual effect (yellowing), 
the changes in molecular weight, the loss of 
mechanical properties of the polymers and the 
molecular weight distribution. [18, 19, 20] 

 
Fig.1. Effect of system pH on dimethyl phthalate leached from 
PET bottle at room temperature after 5 days of incubation (no 

light) 
 

 
Fig.2. Effect of temperature on dimethyl phthalate leached 

from PET bottle after 5 days of incubation (no light) 
 

 
Fig.3. Effect of NaCl concentrations on dimethyl phthalate 

leached from PET bottle at room temperature after 5 
days of incubation (no light) 
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Fig. 4. The relationship between system pH and temperature 

storage on dimethyl phthalate leached from PET bottle 
after 5 days of incubation (no light) 

 
 

 
Fig. 5. Chromatogram of condiment bottle under sunlight 

and dark conditions 
 
Table 1: Effects of sunlight on dimethyl phthalate leached from 

PET bottle for 5 days 

 
 
CONCLUSIONS 
 
Dimethyl phthalate (DMP) leaching into the PET 
bottle depends on the degradation in the plastic and 

the tolerance of PET packaging material from pH 
solution, sunlight and storage temperature. High 
temperature could enhance the degradation of plastic 
and accelerate the diffusion speed of additives or 
contaminant molecules from the polymer food 
container wall to the food contained within. This 
study showed the important degradation mechanisms 
of PET polymer such as thermal degradation, 
hydrolytic degradation and photodegradation 
processes that are the main factors for the dimethyl 
phthalate leached from PET plastic.  
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