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1 Introduction
Phthalates are among the most commonly found organic 

contaminants in food contact materials (FCM). They are used as 
plasticizers in many plastics applications, including packaging and 
other FCM (Barros et al., 2011; Giuliani et al., 2020). Moreover, 
inks, lacquers, adhesives, and recycled pulp are important sources 
of phthalates in paper and paperboard packaging (Aurela et al., 
1999; Binderup et al., 2002; Bononi & Tateo, 2009; Mariani et al., 
1999; Sturaro et al., 2006). In Thailand, several kinds of papers 
are used as food containers, including plastic-coated paper 
(PCP), which is commonly used as takeaway food containers 
(Figure 1). PCP is coated with a thin layer of polyethylene (PE) 
to prevent the penetration of oils and fats into the paper, protect 
against water and moisture vapor, and impart heat-sealing 
properties. Phthalates can migrate from the packaging to the 
food over time. Their migration under various conditions has 
been extensively documented in many studies (Alp & Yerlikaya, 
2019; Bhunia et al., 2013; Fang et al., 2017; Galmán Graíño et al., 
2018). The migration of plastic components into foodstuffs can 
lead to consumer exposure and possible health effects.

PCP was introduced as an alternative to plastic foam containers 
for containing food after the Department of Health launched 
the campaign “Say No to Foam” in 2015 (Department of Health, 
2021) as food container/packaging trends paid more attention 
to environmental impact and chemical food safety. However, 
as described above, some components in PCP may present a 
source of phthalate contamination. Phthalate compounds can 
be categorized into two groups according to the length of the 
R and R’ side chains, namely, low molecular weight (LMW) 
phthalates and high molecular weight (HMW) phthalates. 
The LMW phthalates contain 3-6 carbon atoms in their side chain. 

These phthalates include dibutyl phthalate (DBP), benzyl butyl 
phthalate (BBP), and di(2-ethylhexyl) phthalate (DEHP), which 
have shown high endocrine-disrupting properties (Mirer, 2003). 
European Commission (EU) Regulation No. 10/2011 (European 
Commission, 2011) states that DBP, BBP, and DEHP are not 
allowed in the production of fat-containing food. Moreover, 
DEHP and BBP are present in the Registration, Evaluation, 
Authorization and restriction of CHemicals (REACH) Candidate 
List within the section “Substances of Very High Concern” 
(SVHC) (Wang et al., 2019).

Several human epidemiological studies, as well as in vitro 
and in vivo studies, have shown associations between phthalate 
exposure and endocrine and reproductive dysregulation, namely, 
early puberty, endometriosis, sex anomalies, infertility, and 
altered fetal development (Casals-Casas & Desvergne, 2011; 
Hatch et al., 2008). In addition, attention-deficit hyperactivity 
disorder, autism spectrum disorders, cardiotoxicity (Muscogiuri 
& Colao, 2017), hepatotoxicity, asthma, and allergy have been 
reported (Giuliani et al., 2020; Jaakkola & Knight, 2008). A study 
on contaminants in paper-based food packaging materials in the 
Czech Republic indicated that DBP, di-isobutyl phthalate (DIBP), 
and benzophenone were the most frequent contaminants of paper 
materials (Vápenka et al., 2016). Similarly, DEHP, DIBP, and DBP 
were detected in food paper packaging in China (Zhang et al., 
2018). Human exposure to phthalates demonstrated by the study 
of Dong et al. (2017) in China showed a correlation between 
dietary consumption and phthalate excretion in the urine. 
Although the study found that certain types of food could be 
important sources of phthalate exposure, food contact materials 
are suspected and require more investigation.
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In Thailand, there is no regulation relating to phthalate 
migration from PCP yet, even though ready-to-eat foods, 
sometimes oily and acidic, are generally contained in PCP 
at very high temperatures in food establishments. Up to the 
present, data on chemical food contamination from paper-
based food packaging materials in Thailand has not been well 
established. More scientific data on the chemical safety of using 
this kind of packaging is still needed to form the basis for future 
recommendations and national legislation.

A human health risk assessment is the process of estimating 
the nature and probability of adverse health effects in humans 
who may be exposed to chemicals. Risk assessment is commonly 
represented by a hazard quotient (HQ) by comparing the 
estimated chemical intakes of an individual to an acceptable level 
of exposure. Since phthalate isomers have been demonstrated to 
exhibit similar toxicological actions, additive effects should be 
expected (Howdeshell et al., 2008). In this context, the hazard 
index (HI) was introduced in the assessment of the phthalate 
cumulative risk of exposure. The aims of this study were, 
therefore, 1) to determine LMW phthalates, namely BBP, DBP, 
and DEHP, in PCP, 2) to estimate average daily doses (ADDs), 
based on the average amount of phthalates and consumption 
data obtained from a questionnaire, 3) to assess the health risk 
(HQ) of oral exposure to phthalates, and 4) to assess the risk 
of cumulative exposure (HI) based on endocrine-disrupting 
endpoints of the phthalates.

2 Materials and methods

2.1 Sample collection

Three brands of PCP used in Walailak University canteens 
(our survey data) were purchased from local shops in Tha 
Sala district, Nakhon Si Thammarat Province, Thailand. They 
were only one size of 12 x 12 cm2 and sold in a pack of 1 kg. 
The package labels specified that the plastic layer coated onto 
the paper was polyethylene (PE). The average whole thickness 
of the PCP (paper and PE) was 0.095 ± 0.003 mm. Two packs of 
each brand were purchased from local shops in Tha Sala district 
between May and July 2020. Two samples were randomly picked 
from each pack to be tested for LMW phthalates including BBP, 
DBP, and DEHP. 

2.2 Determination of BBP, DBP, and DEHP

Determination of LMW phthalates, including BBP, DBP, 
and DEHP, was done based on a procedure described by Bradley 
and colleagues (Bradley et al., 2008) with minor modifications 
to the extraction procedure and the MS mode. As phthalates 
are widely used as a functional component of adhesives in 
food packaging materials and PE acts as a functional barrier, 
the coated plastic was detached from the PCP to extract all 
phthalates, representing the maximum level of phthalates in 
the PCP. The detached paper (dPCP) was cut into a small piece 
with an area of 1 cm2. Three grams of the small piece of paper 
was weighed exactly by using a four decimal place balance 
(Sartorius LA310S, Germany). Mass per unit area of the paper 
(grammage) was determined by a standard method (International 
Organization for Standardization, 2019). The paper was placed in 
an amber bottle, and 30 mL of 99.8% ethanol (Merck, Germany) 
was then added into the bottle and left at room temperature 
for 24 h. A portion of the extract (10 mL) was dried under a 
stream of nitrogen gas, and the residue was redissolved and 
well-mixed with 1 mL of 99.8% ethanol. The extract of 1 mL 
was filtered and analyzed for the three phthalate compounds 
by gas chromatography-mass spectrometry (GC-MS; Agilent 
Technologies 6890N, USA).

The GC was operated with 99.999% He as the carrier 
gas at a constant flow rate of 1 mL/min. The injection (1 µL) 
was splitless at 250 °C. Chromatography was performed on a 
(5%-phenyl)-methylpolysiloxane column (30 m x 0.25 mm ID 
x 0.25 µm df: Agilent, USA). The column was held at 40 °C for 
3 min and raised to 280 °C at a rate of 10 °C /min, where it was 
held for 5 min. The MS system was run using SIM mode at a 
different mass-to-charge (m/z) ratio as follows: m/z 91, 149, and 
206.10 for BBP; m/z 149, 205, and 223.10 for DBP; and m/z 149, 
167, and 207 for DEHP. The transfer line temperature was set at 
280 °C, the MS source temperature was set at 230 °C, and the 
quadrupole temperature was set at 150 °C.

The linearity of the calibration curve was assessed by using 
the standard solutions at 0, 0.020, 0.040, 0.080, and 0.160 µg/
mL for BBP (Supelco, USA); 0, 100, 500, 1000, and 2000 µg/
mL for DBP (Fluka, Germany); and 0, 0.200, 0.400, 0.800, and 
1.600 µg/mL for DEHP (Fluka, Germany). Each data point on 
the calibration curves represents the average of seven replicate 

Figure 1. Common plastic-coated paper (PCP) used as a takeaway food container in Thailand.
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injections. The correlation coefficients (R2) were 0.9970 for BBP, 
0.9994 for DBP, and 0.9986 for DEHP. The limit of detection 
(LOD) and limit of quantitation (LOQ) were calculated as 3SD 
and 10SD, respectively, where SD is the standard deviation 
of the signal values based on seven replicated analyses of the 
standards at one-half of the lowest concentration. LOD were 
0.0027, 0.0069, and 0.0066 µg/mL for BBP, DBP, and DEHP, 
respectively. LOQ for BBP, DBP, and DEHP were 0.0090, 0.0230, 
and 0.0220 µg/mL, respectively. The 99.8% ethanol that was used 
to extract the phthalates was also analyzed as a procedural blank 
for each experiment. The blank analysis was completed each day.

2.3 Study locations and subjects

The study was conducted at Walailak University, Nakhon 
Si Thammarat Province, Thailand, during May-July 2020. 
The study subjects were 1st-4th-year students. The questionnaire 
was distributed to students via Google Forms to obtain personal 
information (i.e., gender, study level, age, weight, height, and 
residence) and data on the consumption of food contained in 
PCP (i.e., consumption frequency and duration, and food types). 
Informed consent was obtained from all subjects involved in the 
study. This research was conducted following the Declaration 
of Helsinki. The study was approved by the Human Research 
Ethics Committee of Walailak University according to protocol 
number WU-EC-AH-2-132-63.

2.4 Exposure assessment

The exposure was calculated by using an equation proposed 
by Fátima de Poças & Hogg (2007) as follows (Equation 1):

( ) ( )
( )

2

2

 /    /   

  /  

Exposure mg day Migration mg dm x

Packaging usage dm day

=
 (1)

The migration in the equation represents the amounts 
of BBP, DBP, and DEHP migrating to food. It depends on 
several variables, such as the packaging material itself, the 
chemical and physical properties of the food in contact, 
the initial concentration of the substance in the packaging 
material, time, and temperature, and it also depends on the 
ratio of the surface area of the packaging material to the 
amount of food product (Fátima de Poças & Hogg, 2007). 
However, this study intended to estimate under the worst-case 
scenarios. Accordingly, 100% migration was assumed using 
mean levels of each phthalate (mg/dm2) calculated from the 
concentration determined by GC-MS and grammage of the 
samples. The PCP usage was estimated based on the size of 
12 x 12 cm2 or 1.44 dm2/ sheet, an assumption of one sheet 
per meal, and the number of meals per day of an individual 
student, obtained from the questionnaire.

The indirect approach was employed for the exposure 
assessment. The estimated daily exposure from the calculation 
above and the data on consumption frequency, duration, and body 
weight obtained from the questionnaire were applied to calculate 
the average daily dose (ADD; mg/kg-day) as follows (Equation 2):

( ) ( )
( )

( ) ( )

Exposure mg / day  x Exposure frequency day / week  

            x 52 weeks / year x Exposure duration year
ADD

Body weight kg  x Exposure duration year  x 365 days / year
=  (2)

2.5 Health risk assessment

In general, the human health risk that a packaging material 
represents depends on two main factors, namely, the extent and 
intrinsic toxicity of the substances of concern. The calculated 
ADD was compared with an acceptable daily intake (ADI) 
from international authorities, namely the United States 
Environmental Protection Agency (USEPA) and the European 
Food Safety Authority (EFSA), to estimate the human health risk 
of phthalates for non-carcinogenic effects from ingestion. USEPA 
proposed the oral reference doses (oral RfD) for BBP (0.2 mg/kg 
bw/day) (U.S. Environmental Protection Agency, 2020a), DBP 
(0.1 mg/kg bw/day) (U.S. Environmental Protection Agency, 
2020b), and DEHP (0.02 mg/kg bw/day) (U.S. Environmental 
Protection Agency, 2020c). The health risk was represented by a 
hazard quotient (HQ), which is the ratio between the exposure 
(ADD) and the RfD. EFSA also established the tolerable daily 
intake (TDI) for BBP (0.5 mg/kg bw/day) (European Food 
Safety Authority, 2005a), DBP (0.01 mg/kg bw/day) (European 
Food Safety Authority, 2005b), and DEHP (0.05 mg/kg bw/day) 
(European Food Safety Authority, 2005c). HQ was calculated 
by the general Equation 3 as follows:

( ) ( ) ( )     /  /  /   /  /Hazard Quotient HQ ADD mg kg bw day ADI mg kg bw day=  (3)

BBP, DBP, and DEHP are phthalates with endocrine-disrupting 
properties. The cumulative risk was estimated using a hazard 
index (HI) under the implicit assumption that components 
are toxic in the same target. HI is the sum of individual HQ, as 
shown in the following Equation 4:

( )      BBP DBP DEHPHazard index HI HQ HQ HQ= + +  (4)

2.6 Statistical analysis

Descriptive statistics were used to examine the mean and 
median of numeric data and the frequency of observations as 
percentages for nominal data. A Student t-test or a one-way 
ANOVA were employed for parametric tests. Furthermore, a 
Mann-Whitney U-test or a Kruskal-Wallis test were employed 
to test group medians of non-parametric data. A P-value of less 
than 0.05 was considered to represent statistical significance.

3 Results

3.1 Phthalates in PCP

The levels of three LMW phthalates found in dPCP are presented 
in Table 1. The levels of BBP, DBP, and DEHP were in the range 
of 0.0001-0.0003, 0.0004-0.0032, and 0.0007-0.0052 mg/dm2, 
respectively. Mean levels of the three phthalate compounds in 
dPCP (n = 12) were significantly different (P = 0.000). Among 
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the three compounds, DEHP was the predominant phthalate 
found in the tested dPCP. The mean levels of DEHP were 2.82 and 
15.50 times higher than those of DBP and BBP, respectively. 
Among the three brands, brand B showed the lowest level of 
DBP and was significantly different from brands A and C at 
P = 0.037 and P = 0.020, respectively.

3.2 Subject characteristics and consumption behavior

A total of 430 students (mean age 21; range 18-27 years) 
were recruited for the study. Most of the subjects were female 
(83.26%). The proportion of subjects was highest in the 2nd-year 
students (30.93%), followed by the 4th-year (23.49%), 1st-year 
(23.02%), and 3rd-year students (22.56%). The body mass index 
(BMI) of approximately one-half of the subjects (48.84%) was 
normal (18.5-22.9) according to the Asia-Pacific guidelines 
(Lim et al., 2017; Pan & Yeh, 2008). The remaining subjects were 
underweight (BMI < 18.5; 23.02%), overweight (BMI 23-24.9; 
12.33%), or obese (BMI ≥ 25; 15.81%). Most of the subjects lived 
in on-campus dormitories (67.21%). The remaining subjects 
lived in off-campus dormitories (28.37) or their houses (4.42%). 
Thirty students (6.98%) reported that they did not consume any 
food contained in PCP. Data on consumption behavior were, 
therefore, collected from the remaining 400 subjects, as shown 
in Table 2. Consumption frequency in most of the subjects was 
one meal/day (42.50%) and 3-4 days/week (37.00%). Most of 
the subjects (35.50%) reported consumption of food contained 
in PCP for more than 10 years, whereas 24.25% and 26.75% of 
the subjects reported consumption for 1-3 years and 4-6 years, 
respectively. There were several types of food for which the 
use of a PCP container was reported. The three most common 
food types contained in PCP were à la carte (89.75%), sticky 
rice with grilled chicken/fried chicken or pork (78.50%), and 
curry and rice (63.50%).

3.3 Estimated average daily dose (ADD) and health risk 
assessment (HQ and HI)

Data on consumption of food contained in PCP of 
324 subjects (81.00%) out of 400 students were used for the 
health risk assessment of exposure to BBP, DBP, and DEHP. 
Data of 76 subjects (19.00%) were excluded because some of 
their data required for calculating ADD were missing. Levels of 
exposure by ingestion to BBP, DBP, and DEHP were estimated 
and are presented in Table  3. The median daily exposure to 
DEHP was highest (6.97 x 10-5 mg/kg bw/day), followed by DBP 
(2.47 x 10-5 mg/kg bw/day) and BBP (4.50 x 10-6 mg/kg bw/day). 
Based on these data, the HQ (daily exposure level divided by oral 

RfD or TDI) of individual phthalates was calculated. The median 
hazard index (HI) based on cumulative exposure to the three 
phthalates was 3.78 x 10-3 and 3.88 x 10-3, when RfD and TDI 
were applied, respectively. The HI of all subjects was less than 1.

Hazard indices classified by subject characteristics are 
presented in Table 4. The median HI of females (3.88 x 10-3) was 
significantly higher than that of males (3.17 x 10-3) (P = 0.042). 
The average consumption of females and males was 1.64 ± 0.70 and 
1.59 ± 0.61 meals/day and 7.72 ± 5.41 and 7.02 ± 5.03 years, 
respectively. In addition, the median HI of 1st-year students 
(2.37 x 10-3) was significantly lower than 2nd-year (4.73 x 10-3) 
and 3rd-year students (4.33 x 10-3) at P = 0.012 and P = 0.010, 
respectively. The average consumption of 1st-, 2nd-, and 3rd-year 
students was 1.50 ± 0.68, 1.75 ± 0.68, and 1.69 ± 0.68 meals/day 
and 7.65 ± 5.67, 7.60 ± 5.66, and 8.06 ± 5.19 years, respectively. 
Moreover, the median HI of underweight students (4.44 x 10-3) 
was significantly higher than that of obese students (2.39 x 10-3) 

Table 1. The amount of BBP, DBP, and DEHP in dPCP.

Brand n
Phthalates in mg/dm2 (Mean ± SD)

BBP DBP DEHP
A 4 0.0002 ± 0.0001 0.0018 ± 0.0014 0.0046 ± 0.0005
B 4 0.0002 ± 0.0000 0.0004 ± 0.0001 0.0020 ± 0.0014
C 4 0.0003 ± 0.0001 0.0012 ± 0.0001 0.0028 ± 0.0017

SUM 12 0.0002 ± 0.0001 0.0011 ± 0.0009 0.0031 ± 0.0016
SUM represents the average concentration of BBP, DBP, or DEHP in all samples (Brand A, B, and C; n = 12). SD represents the standard deviation.

Table 2. Consumption behavior of food contained in PCP.

Consumption data Number of 
subjects (n = 400) Percent (%)

Meals/day
1 170 42.50
2 137 34.25
3 42 10.50
> 3 51 12.75

Days/week
1-2 77 19.25
3-4 148 37.00
5-6 102 25.50

Every day 73 18.25
Years

1-3 97 24.25
4-6 107 26.75
7-9 27 6.75
≥ 10 142 35.50
Missing data 27 6.75

Food types
À la carte 359 89.75
Sticky rice with grilled 

chicken/fried chicken or pork 314 78.50

Noodles 163 40.75
Yum (spicy and sour salad) 62 15.50
Curry and rice 254 63.50
Sushi 32 8.00
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(P = 0.006). The average consumption of underweight students 
and obese students was 1.57 ± 0.66 and 1.64 ± 0.67 meals/day 
and 7.77 ± 5.57 and 8.29 ± 5.62 years, respectively. Furthermore, 
the median HI of students who lived in on-campus dormitories 
(4.57 x 10-3) was significantly higher than that of students 
who lived off-campus (2.34 x 10-3) (P = 0.000). The average 
consumption of students who lived on-campus and off-campus 
was 1.73 ± 0.71 and 1.44 ± 0.60 meals/day and 7.31 ± 5.29 and 
8.21 ± 5.44 years, respectively.

4 Discussion
The quality of paper raw materials and adhesives can contribute 

to the contaminant levels (Song  et  al., 2000; Vápenka  et  al., 
2016). Therefore, good manufacturing practice (GMP) should 
be properly enforced by all PCP manufacturers to ensure that 
the product is consistently produced and controlled according 
to quality standards. In addition, GMP labeling can provide 
basic criteria of PCP selection for food sellers to prevent the 
migration of PCP into foodstuffs, leading to consumer exposure. 

We observed that the manufacture and expiration dates, as well 
as lot numbers, were not present on any PCP packaging labels. 
A lot number can provide the identity of products by breaking 
identical products into batches at various production times. 
Lot traceability is essential when a product defect is reported.

The present study showed that DBP, BBP, and DEHP were 
detected in all dPCPs. Among the three compounds, DEHP 
was the predominant phthalate (0.0031 mg/dm2) detected in 
the food simulant, followed by DBP (0.0011 mg/dm2) and BBP 
(0.0002 mg/dm2). These results were consistent with a study 
on time-dependent migration of phthalates in packaged food 
samples, which reported that DEHP was the most abundant 
phthalate (Alp & Yerlikaya, 2019). Many studies have shown that 
the migration of phthalates is associated with the characteristics 
of foods. Phthalates are soluble in oil; hence, they are generally 
found in fatty foods (Giuliani et al., 2020). Moreover, it has also 
been found that foods with strong acidity increase phthalate 
migration (Giuliani et al., 2020). It has been reported that the 
lower the pH values, the higher the level of migration (Jasna et al., 

Table 3. Health risk assessment of phthalates (n = 324).

Phthalates
Median (Min-Max)

ADD (mg/kg-day) HQRfD (ADD/RfD) HQTDI (ADD/TDI)

BBP 4.50 x 10-6 2.25 x 10-5 8.99 x 10-6

(4.27 x 10-7 – 2.05 x 10-5) (2.14 x 10-6 – 1.03 x 10-4) (8.55 x 10-7 – 4.10 x 10-5)

DBP 2.47 x 10-5 2.47 x 10-4 2.47 x 10-3

(2.35 x 10-6 – 1.13 x 10-4) (2.35 x 10-5 – 1.13 x 10-3) (2.35 x 10-4 – 1.13 x 10-2)

DEHP 6.97 x 10-5 3.49 x 10-3 1.39 x 10-3

(6.62 x 10-6 – 3.18 x 10-4) (3.31 x 10-4 – 1.59 x 10-2) (1.32 x 10-4 – 6.36 x 10-3)

HI 3.78 x 10-3 3.88 x 10-3

(3.57 x 10-4 – 1.71 x 10-2) (3.68 x 10-4 – 1.77 x 10-2)

Table 4. HI classified by subject characteristics.

Characteristics Number of subjects (%) n = 324
HI

Median min - max
Gender

Male 51 (15.74) 3.17 x 10-3 5.53 x 10-4 - 1.20 x 10-2

Female 273 (84.26) 3.88 x 10-3 3.57 x 10-4 - 1.71 x 10-2

Study level
1st year 78 (24.07) 2.37 x 10-3 5.91 x 10-4 - 1.43 x 10-2

2nd year 99 (30.56) 4.73 x 10-3 3.57 x 10-4 - 1.50 x 10-2

3rd year 72 (22.22) 4.33 x 10-3 5.53 x 10-4 - 1.71 x 10-2

4th year 75 (23.15) 2.95 x 10-3 6.85 x 10-4 - 1.60 x 10-2

BMI (Asia-Pacific guidelines)
< 18.5 (Underweight) 77 (23.76) 4.44 x 10-3 6.85 x 10-4 - 1.64 x 10-2

18.5-22.9 (Normal) 158 (48.77) 3.89 x 10-3 5.52 x 10-4 - 1.71 x 10-2

23-24.9 (Overweight) 42 (12.96) 3.95 x 10-3 5.71 x 10-4 - 1.36 x 10-2

≥ 25 (Obese) 47 (14.51) 2.39 x 10-3 3.57 x 10-4 - 1.16 x 10-2

Residence
On-campus dormitory 215 (66.36) 4.57 x 10-3 3.57 x 10-4 - 1.71 x 10-2

Off campus 109 (33.64) 2.34 x 10-3 5.53 x 10-4 - 1.41 x 10-2
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2007). Hydrolysis is suggested as one of the main factors that 
affect phthalate migration in acidic and basic solutions. It has 
also been shown that DEP and DBP are degraded by hydrolysis 
under acidic conditions (Keresztes  et  al., 2013). A study by 
Lau et al. (2005) revealed that DEP and DBP degradation were 
higher at a pH range of ≥10 and ≤3 (Lau et al., 2005). A study 
on the migration of DEHP and DBP from polypropylene food 
containers in China also showed that the highest migration was 
found under strong acidity (pH = 3) (Fang et al., 2017). These 
foods contained in PCP should also be avoided to prevent 
exposure to the possible migrants coming from PE instead.

As described above, many studies have shown that the 
migration of phthalates is associated with the characteristics of 
foods. Data obtained from the questionnaire revealed that there 
was a variety of food types that the subjects reported the use of 
PCP containers. The three most common food types contained 
in PCP were: 1) à la carte (89.75%), 2) sticky rice with grilled/
fried chicken or pork (78.50%), and 3) curry and rice (63.50%). 
Some of the food reported could increase phthalate migration 
into foods. For example, à la carte refers to various Thai dishes 
cooked to order. Food is boiled, stir-fried, deep-fried, or crisp-
fried at high temperature, such as stir-fried crispy pork with 
holy basil and sunny-side up, and Tom Yum Koong (spicy and 
sour prawn soup). They are served immediately with plain 
rice. Yum (spicy and sour salad) contains raw or cooked meat, 
seafood, or mushrooms mixed with vegetables and seasoned 
with lime juice (or citric acid), fish sauce, and chopped Thai 
chilies or dried chili flakes. Its specific flavor is extremely sour. 
Curry and rice is a Thai local dish of plain rice topped with 
prepared foods. A customer selects different types of daily cooked 
food that are displayed in heated pots or trays at a storefront. 
The most common foods are coconut milk-based (red, yellow, 
and green) curry, spicy curry, sour curry, bean curd soup, and 
pan-fried salty meat or fish fillet. The certain characteristics of 
such foods described above can enhance phthalate migration, 
therefore accounting for a greater health risk.

The health risk assessment of individual LMW phthalates, 
namely BBP, DBP, and DEHP, was done by calculating a hazard 
quotient (HQ), i.e., the ratio between the exposure (average daily 
dose; ADD) and an acceptable daily intake (ADI). The results 
from the indirect exposure assessment method showed that 
the median daily exposure to DEHP was the highest, followed 
by DBP and BBP. This trend relied on the levels of the three 
phthalates used for the calculation. We found that the HQ value 
of each phthalate calculated by comparing the daily exposure 
with an oral reference dose (RfD) and tolerable daily intake (TDI) 
was different. Nevertheless, the cumulative risks of exposure 
represented by the hazard indices (HIs) were in the same range 
(HIRfD 3.57 x 10-4-1.71 x 10-2 and HITDI 3.68 x 10-4-1.77 x 10-2). 
Furthermore, the HIRfD was classified according to subject 
characteristics, namely gender, study level, BMI, and residence. 
We found that the HI of females was significantly higher than 
that of males (P < 0.05), whereas the average consumption was 
slightly different. In addition, we observed that the HI of the 
1st-year students was significantly lower than that of 2nd-year 
and 3rd-year students (P < 0.05). This was based on consumption 
frequency and duration, which was lower for 1st-year students 
compared to 2nd-year and 3rd -year students. Moreover, the HI 

of underweight students was significantly higher than that of 
obese students (P < 0.01). However, the average consumption 
of underweight students was less than that of obese students. 
This finding might result from the inverse proportion of body 
weight in the ADD calculation.

The students were also categorized into two groups according 
to their residences, namely on campus and off campus. The HI 
of students who lived on campus was significantly higher than 
that of students who lived off campus (P < 0.001). The average 
consumption of the students who lived on campus was higher. 
PCP was promoted for use by food sellers after the “Say No to 
Foam” campaign was launched by the university. Accordingly, 
PCP is mainly used in food containers in most of the food shops 
in the university, depending on the type of food. However, 
there were many other types of takeaway food containers used 
in food shops outside the university. The present study showed 
that the health risk of exposure to phthalates from PCP among 
the students was acceptable. Nevertheless, the students were 
exposed not only to phthalates from PCP but also to other types of 
plastic food containers. They might also be exposed to phthalates 
from contaminated environmental media and various products 
in everyday life, for example, pharmaceuticals and personal 
care products (Giuliani et al., 2020). Therefore, total exposure 
levels from several sources may be greater and require further 
investigation. Moreover, FCM such as starch films from tapioca 
(Othman et al., 2019), cassava, jackfruit seed, and mango kernel 
(Rodrigues et al., 2021) that is more environmental friendly and 
less toxic to human health should be explored and investigated 
to be used as an alternative FCM.

5 Conclusion
DBP, BBP, and DEHP were detected in all dPCPs. Among 

the three phthalates, DEHP was the dominant compound with 
the highest amount of 0.0052 mg/dm2. The cumulative risk for 
324 students evaluated from their estimated dietary exposure under 
the worst-case scenarios to all three phthalates was acceptable 
(HI < 1). Additionally, PCP is coated with PE, which is used as 
a functional barrier, so the results in this study suggested that 
PCP is safe for use as a food container. However, the use of PCP 
to contain oily and acidic foods should be done with caution. 
Phthalates and other chemicals of health concern should be 
regularly monitored, especially in takeaway food shops where 
sellers use PCP from manufacturers with inadequate quality 
control, to protect consumers’ health.
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