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Abstract: Bisphenols and phthalates are endocrine-disrupting chemicals that are commonly used in packaging

and as plasticizers. However, they pose health risks through ingestion, inhalation, and dermal contact. Accurate

analysis of these pollutants is challenging owing to their low concentration and their presence in complex oil

matrices. Therefore, they require efficient extraction and detection methods. In this study, an analytical method

for the simultaneous quantification of bisphenols and phthalates in corn oil is developed. The dynamic multiple

reaction monitoring mode of liquid chromatography-tandem mass spectrometry is used according to the different

polarities of bisphenols and phthalates. The method is validated by assessing system suitability, linearity, accuracy,

precision, homogeneity, and stability. The determination coefficients are higher than 0.99, which is acceptable.

The percentage recovery and coefficient of variation of the accuracy and precision confirm that this analytical

method is capable of simultaneously quantifying bisphenols and phthalates in corn oil. The bisphenols and

phthalates in the formulations and pretreatment samples are stable for 7 d at room temperature and 24 h in

an auto-sampler. Therefore, this validated analytical method is effective for the simultaneous quantification of

bisphenols and phthalates in oils.
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1. Introduction

Bisphenols and phthalates are organic pollutants

that occur in the environment and consumer products.1

Bisphenols are used in packaging, adhesives, and

internal coatings of cans, and phthalates are plasticizers

used in the handling and storage of food, such as in

appliances and containers for cooking food.2,3 These

compounds are endocrine-disrupting chemicals (EDCs),

commonly referred to as environmental hormones.3

Humans are exposed to EDCs during eating, breathing,

or skin contact.4 In addition, pollutants exposed to

the environment can be absorbed by animals through

food or air and are potentially transferred to humans

through the food chain.2 Some of them are known to

have effects such as reproductive problems and

endocrine disruptions, and toxicity may accumulate

and affect future generations.1,2,5 Because EDCs are

mainly soluble in fat, they are not easily decomposed,

unlike common natural hormones, and are absorbed
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and accumulated in fat and tissues of the body.1,6

Analysis in oil is difficult and necessitates analytical

techniques with low detection limits owing to the

low concentration of analytes. The lipophilic properties

of a material and properties of the matrix considerably

affect extraction efficiency, recovery, and precision.1

The fat in samples with high oil content must be

removed prior to injection into the detection instrument

in order to increase the efficiency of the chromatography

column. Liquid-liquid extraction (LLE) and solid phase

extraction are performed to determine analytes by

removing fat.7 According to previous studies, gas

chromatography (GC),8 GC-mass spectrometry (GC-

MS),1-4,6-11 and liquid chromatography-mass spectro-

metry (LC-MS)3,5,12 were performed to measure the

concentration of bisphenols and phthalates. A deriva-

tization step was included in the method for analyzing

bisphenol using a mass spectrometer to increase the

sensitivity of detection and enhances the physicoche-

mical properties of bisphenol. N,O-bis (trimethylsilyl)

trifluoroacetamide with 1 % trimethylchlorosilane was

used as the derivative reagent, and the compound

was quantified by GC-MS.2,10

Through GC-MS with this derivatization method,

phthalates showed the same (m/z 149) and several

non-specific ion values, thereby enabling quantification.

However, because bisphenol S (BPS) was not detected,

a pretreatment method that included derivatization

and simultaneous analysis using GC-MS was not

suitable. In particular, phthalate analysis is limited by

the use of organic solvents and presence of plastic

products and gases, which might exist in the laboratory

even when using products without phthalates and

glassware during pretreatment. In addition, the

processes of extracting, purifying, and concentrating

samples are time-consuming and increase the risk of

contamination.1 Therefore, a simple pretreatment

method must be performed prior to injecting the

sample into the instrument to minimize contamination.

To this end, here, LLE using methanol was selected

as the pretreatment method for the simultaneous

measurement of bisphenols and phthalates in corn

oil. Furthermore, simultaneous analyses were performed

through LC-MS/MS. In this study, three bisphenols

(BPA, BPS, BPF) and six phthalates (BBP, DBP,

DEHP, DCHP, DIBP, DnPP), as shown in Fig. 1,

were selected and spiked into corn oil to evaluate the

applicability of the developed analytical method. This

selection was driven by the increasing concern over

the toxicity of BPA, leading to heightened interest in

alternative substances such as BPS and BPF, as well

as the inclusion of these compounds in domestic and

international regulatory frameworks due to their

widespread detection.13,14

Fig. 1. Chemical structures of the studied bisphenols and phthalates.
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2. Experimental

2.1. Chemicals and reagents

The standards for bisphenol A (BPA, 100 %),

bisphenol F (BPF, 99.3 %), BPS (99.4 %), benzyl butyl

phthalate (BBP, 98.8 %), dibutyl phthalate (DBP,

99.6 %), bis(2-ethylhexyl) phthalate (DEHP, 99.7 %),

dicyclohexyl phthalate (DCHP, 99.0 %), diisobutyl

phthalate (DIBP, 99.7 %), and dipentyl phthalate

(DnPP, 99.5 %) were purchased from Sigma-Aldrich

(Saint Louis, MO, USA). BPA (BPA-13C12, 100 μg/mL

in acetonitrile) and bis(2-ethylhexyl) phthalate-3,4,5,6-

d4 solutions (DEHP-d4, 100 μg/mL in methanol) were

purchased from Chemservice (West Chester, PA,

USA) and Accustandard (New Haven, CT, USA),

respectively, and used as internal standards (ISs).

Methanol and water were purchased from Merck

(Darmstadt, Germany). Ethyl alcohol and hexane

were purchased from Burdick and Jackson (Brooklyn,

NY, USA), respectively. Corn oil was purchased

from Daejung (Gyeonggi-do, Korea) and used as an

excipient to verify the analytical method. 

2.2. Preparation of standard solutions

The stock solutions of the three bisphenols and six

phthalates were prepared by dissolving the pure

standards in methanol and refrigerating them. After

preparing a solution with a concentration of 1− 1000 ng/

mL using the standard stock solution and methanol,

corn oil was added at a dilution ratio of 10 to prepare

a standard solution for the calibration curve. The

concentration range of the calibration curve was 5 −

100 ng/mL for BPA and BPF; 0.1 − 100 ng/mL for

BPS; 0.1 − 100 ng/mL for DBP, DCHP, and DnPP;

0.5 − 100 ng/mL for BBP; 1 − 100 ng/mL for DIBP;

and 10 − 100 ng/mL for DEHP. 

BPA-13C12 and DEHP-d4 were used as the ISs of

the bisphenols and phthalates, respectively, and prepared

at concentrations of 1000 and 500 ng/mL using

methanol. Then, they were added to the volume of the

calibration curve concentration and diluted 10 times.

2.3. Pretreatment of samples

At the beginning of the study, the samples treated

with corn oil were diluted with hexane and acetone.

After concentrating the diluted solution, corn oil

remained. As the sample was continuously injected

into the MS system and analyzed, the retention time

of the analytes decreased, and the efficiency of the

analysis column decreased.

Therefore, during the extraction process, it was

necessary to use a solvent in which the analyte could

be extracted without leaving corn oil. Therefore, ethyl

acetate, dichloromethane, chloroform, ethyl ether,

acetonitrile, methanol, and ethanol were considered

as potential solvents. Because a large amount of corn

oil remained in most solvents except methanol, LLE

using methanol was selected as the extraction method

for the simultaneous measurement of bisphenols and

phthalates. To minimize phthalate contamination, 0.1

and 1 mL of corn oil and methanol, respectively, were

added to a 2 mL glass vial to perform LLE for 10 min,

after which ultrasonic extraction was performed for

15 min. The solution was centrifuged at 8,000 g for

5 min to dilute and mix 0.1 mL of the supernatant,

0.1 mL of the IS, and 0.8 mL of methanol. All glassware

was cleaned with hexane and acetone prior to use,

followed by drying at approximately 180 °C for a

minimum of 4 hours.1,4,5,11,12 The solvent used in this

study was verified to have no interference that could

affect the quantification of the analytes. Additionally,

the blank control, which did not contain the three

bisphenols or six phthalates, showed no interference

during the sample pretreatment process.

2.4. HPLC-MS/MS

In this study, 1260 Infinity HPLC and 6460 Triple

Quad MS systems (Agilent Technologies, Palo Alto,

CA, USA) were used to analyze bisphenols and

phthalates. Upon using the mobile phase to which the

buffer solution was added, bisphenols were not

detected. Thus, pure water and methanol were used as

the mobile phase for separating bisphenols and

phthalates, respectively. A Poroshell 120 EC-C18

column (2.7 µm, 2.1 mm × 100 mm, Agilent Techno-

logies, Palo Alto, USA) was used. The analysis was

performed in the electrospray ionization and dynamic

multiple reaction monitoring modes. The analysis
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conditions are listed in Table 1.

2.5. Method validation

Method validation was performed to confirm

the applicability of the method in compliance with

the ICH Q2(R1) and European SANTE/11813/2017

guidelines.15,16 Quality control (QC) samples completely

dissolved in corn oil were prepared for a recovery

test to evaluate accuracy and precision. The standard

solution was diluted with ethyl alcohol and hexane to

ensure complete dissolution in corn oil, followed by

treatment with corn oil. The QC concentrations of 1,

2, and 10 μg/mL were used to represent the low,

medium, and high QCs (LQC, MQC, and HQC),

respectively. Three replicates per concentration were

analyzed through a pretreatment process to confirm

within-run variations and two or more times on

different dates using the same method to confirm

between-run variations. Accuracy and precision were

evaluated by measuring the recovery and coefficient

of variation (CV), respectively. After preparing the

formulations of the QC samples with concentrations of

Table 1. HPLC-MS/MS operating conditions and parameters

HPLC condition

Column Poroshell 120 EC-C18 2.7 μm 2.1 mm × 100 mm (Agilent Technologies, USA)

Column oven (℃) 30 

Mobile phase

A: water, B: methanol

Time (min) %B Time (min) %B

0 70 20 95

9 70 22 100

11 85 25 100

15 85 30 70

17 95 35 70

Flow rate (mL/min) 0.25 

Injection volume (μL) 5 

MS condition

Ion source AJS electrospray ionization

Gas temperature (℃) 300 

Gas flow (L/min) 5 

Nebulizer (psi) 45 

Dynamic multiple reaction monitoring condition

Compound

Parameters

Retention time 

(min)
Precursor ion Product ion

Fragmentor 

(V)

CE 

(V)
Polarity

Bisphenol S 1.2 249 108, 92.1 135 29, 31 Negative

Bisphenol F 1.5 119.1 93.1, 77 115 25, 23 Negative

Bisphenol A 1.9 227 227, 212 125 13, 15 Negative

BPA-13C12 (IS1) 1.9 239.1 239.1 125 13 Negative

Diisobutyl phthalate 7.4 279.1 219.1, 149.1 80 2, 10 Positive

Benzyl butyl phthalate 7.8 313.2 205.1, 149 85 2, 10 Positive

Dibutyl phthalate 8.2 279.2 205.1, 149.1 85 2, 8 Positive

Dipentyl phthalate 14.2 307.2 219.1, 149.1 80 2, 10 Positive

Dicyclohexyl phthalate 14.3 331.1 167.1, 149 80, 90 10 Positive

Bis(2-ethylhexyl) phthalate 20.5 391.2 167.1, 149 90 20 Positive

DEHP-d4 (IS2) 20.5 395.2 153 90 20 Positive
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1 and 10 μg/mL, they were stored at room temperature

for 7 d, and their stability was confirmed. The initial

concentration, which was the standard for the stability

test, was confirmed from the results of the homogeneity

test by analyzing the concentration in the upper,

middle, and lower layers of the test solution. In

addition, to confirm the stability after pretreatment,

the sample was pretreated, stored in an auto-sampler

of the instrument for 24 h, and analyzed. System

suitability was evaluated on the basis of the precision

of the response value obtained by repeatedly injecting

the lowest concentration of the calibration curve six

times. Linearity was evaluated using a calibration

curve, and the accuracy and precision of the calibration

curve were evaluated using the relative error (RE)

and CV, respectively. The RE and CV were calculated

using the following equations:

RE (%) = [(measured concentration – expected

concentration) / expected concentration] × 100

and

CV (%) = [standard deviation of measured

concentration/average value of measured concentration]

× 100

3. Results and Discussion

3.1. Optimization of LC-MS/MS conditions

Most previous studies analyzed bisphenols and

phthalates through LC- and GC-MS, respectively,

instead of analyzing them in one instrument at the

same time.3,17 In several studies, only phthalates and

BPA or BPF have been simultaneously analyzed

through GC-MS.2,6 In this study, to simultaneously

analyze three bisphenols and six phthalates, a GC-

MS analysis method using derivatization was first

selected. However, the desired result was not obtained

and this was confirmed by verifying analysisusing

LC-MS/MS. According to previous studies, 10, 2,

and 2 mM ammonium acetate in acetonitrile (pH 4),

water, and methanol, respectively, were used as the

mobile phases to analyze phthalates.5,12 To analyze

BPA, pure water and methanol were used as the mobile

phases.17-20 In this study, we attempted to separate

and analyze bisphenols and phthalates using a mobile

phase containing a buffer solution. However, BPF

and BPS were not detected even when using various

buffer solutions. Therefore, pure water and methanol

were selected as the mobile phases, and it was

confirmed that all bisphenols were detectable and

suitable for the detection of phthalates. 

3.2. System suitability

To evaluate the suitability of the system for this

analysis method, standard solutions of BPA, BPF,

BPS, DBP, DCHP, DnPP, BBP, DIBP, and DEHP at

the lowest concentration level of the calibration

curve were injected into the LC-MS/MS system six

times. It was confirmed that the precision of the

response value was 1.1 − 9.1 %, which was within

the evaluation standard of 15 % (Table 2). The LC-

MS/MS instrument used to verify the analytical

method was maintained to analyze the lowest

concentration of the calibration curve.

3.3. Linearity

To confirm linearity, calibration curves were

constructed by preparing at least five concentrations

of samples for BPA, BPF, BPS, DBP, DCHP, DnPP,

BBP, DIBP, and DEHP. The weight for the calibration

curves was 1/x (Wan et al., 2013), and the determination

coefficients (r2) ranged from 0.99368-0.99734 (Fig. 2).

In addition, the accuracy and precision of the

calibration curve of each compound were -13.0 % –

Table 2. System suitability of bisphenols and phthalates in corn oil

Peak area

BPA BPF BPS DBP DCHP DnPP BBP DIBP DEHP

Coefficient of variation (%) 9.1 9.1 4.4 3.9 7.7 1.1 3.3 3.2 2.7

BPA, bisphenol A; BPF, bisphenol F; BPS, bisphenol S, DBP, dibutyl phthalate; DCHP, dicyclohexyl phthalate; DnPP, dipentyl

phthalate; BBP, benzyl butyl phthalate; DIBP, diisobutyl phthalate; (DEBP), bis(2-ethylhexyl) phthalate.
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Fig. 2. Calibration of bisphenols (A) A, (B) F, and (C) S (BPA, BPF, and BPS, respectively), (D) dibutyl phthalate (DBP),
(E) dicyclohexyl phthalate (DCHP), (F) dipentyl phthalate (DnPP), (G) benzyl butyl phthalate (BBP), (H) diisobutyl
phthalate (DIBP), and (I) bis(2-ethylhexyl) phthalate (DEHP) in corn oil.

Table 3. Linearity of calibration curves of bisphenols and phthalates in corn oil.

Compound Criteria
Nominal concentration (ng/mL)

0.1 0.5 1 5 10 30 50 70 100

BPA
CV (%) - - - 2.2 5.7 4.7 3.7 5.2 5.4

RE (%) - - - 1.4 -3.3 0.9 0.0 2.5 -1.5

BPF
CV (%) - - - 2.9 8.0 4.5 4.5 5.9 5.2

RE (%) - - - 0.0 0.2 -0.9 -0.6 1.5 -0.1

BPS
CV (%) 1.2 4.6 7.0 5.6 4.8 6.5 2.2 3.0 6.7

RE (%) 1.6 -7.1 -7.2 4.4 5.1 8.4 3.5 0.0 -7.4

DBP
CV (%) 1.6 11.2 5.8 8.9 0.8 3.3 1.0 6.6 7.2

RE (%) 1.0 -3.7 -13.0 -1.8 -5.1 3.0 4.6 4.5 0.7

DCHP
CV (%) 1.7 9.8 3.2 3.0 4.6 3.5 2.8 3.9 3.8

RE (%) 1.9 -7.2 -7.4 4.3 0.8 6.6 2.7 1.3 -4.6

DnPP
CV (%) 1.2 4.5 5.5 4.3 4.2 3..6 3.1 5.0 2.2

RE (%) 1.6 -8.1 -5.9 9.5 5.5 6.7 1.0 -2.6 -9.3

BBP
CV (%) - 1.8 4.5 3.3 2.9 2.7 3.3 3.3 2.0

RE (%) - 5.1 -9.2 -4.2 -4.6 2.2 4.7 2.4 4.2

DIBP
CV (%) - - 0.5 2.2 4.1 2.6 2.2 4.5 3.6

RE (%) - - 1.2 -3.3 -7.6 1.6 2.5 3.2 2.3

DEHP
CV (%) - - - - 0.9 5.2 2.9 4.8 3.4

RE (%) - - - - -0.2 0.0 0.8 1.1 -1.8

BPA, bisphenol A; BPF, bisphenol F; BPS, bisphenol S, DBP, dibutyl phthalate; DCHP, dicyclohexyl phthalate; DnPP, dipentyl

phthalate; BBP, benzyl butyl phthalate; DIBP, diisobutyl phthalate; (DEBP), bis(2-ethylhexyl) phthalate; CV, coefficient of vari-

ation; RE, relative error.
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9.5 % and 0.5 % – 9.8 %, respectively (Table 3). Each

calibration curve showed a correlation coefficient of

≥0.99 and result within 15 % of the appropriate criteria

for accuracy and precision. Therefore, this method

was determined to be suitable for quantifying all

compounds.

3.4. Accuracy and precision

Accuracy and precision were measured in three

repetitions for concentrations of 1 (LQC), 2 (MQC),

and 10 (HQC) μg/mL over 3 d; within- and between-

run variations were evaluated in terms of recovery

and CV (Table 4). The appropriate criteria for accuracy

and precision were a recovery within 100 ± 20% and

CV within 20 %, respectively. The results of the

BPA, BPF, BPS, DBP, DCHP, DnPP, BBP, DIBP,

and DEHP analyses all met these criteria. Therefore,

it was determined that this method was appropriate.

3.5. Homogeneity and stability

To evaluate the stability of the formulation, the

homogeneity was evaluated on the day of preparation

to measure the initial concentration, which was used

as the basis for content change. The homogeneity

was measured by sampling the upper, middle, and

lower layers of the 1, 10 μg/mL formulations, respec-

tively, once; the results are shown in Table 5. The

homogeneity of the formulation containing bisphenols

and phthalates was determined to be well prepared

within 100 % ± 20 %, with a CV of 20 %, which was a

suitable criterion with a content of 87.1 %–108.8 %

and CV of 0.5 % – 7.5 %. In addition, the analysis

was performed after 24 h of storage in the instrument

after pretreatment to confirm the stability before

analysis after the sample was prepared. To confirm

Table 4. Accuracy and precision of bisphenols and phthalates
in corn oil

Compound Criteria
Nominal concentration (μg/mL)

1 2 10

BPA
Recovery (%) 96.4 105.4 108.8

CV (%) 7.3 12.5 6.6

BPF
Recovery (%) 96.6 100.1 104.2

CV (%) 16.4 11.5 11.3

BPS
Recovery (%) 101.5 102.4 93.4

CV (%) 15.0 14.7 4.5

DBP
Recovery (%) 91.9 104.4 109.2

CV (%) 10.2 10.9 7.2

DCHP
Recovery (%) 100.8 102.5 99.6

CV (%) 11.4 10.8 3.5

DnPP
Recovery (%) 103.9 99.4 92.6

CV (%) 11.2 10.2 2.7

BBP
Recovery (%) 94.9 105.6 112.0

CV (%) 8.0 10.7 2.7

DIBP
Recovery (%) 91.5 98.9 107.7

CV (%) 5.6 9.5 4.0

DEHP
Recovery (%) 99.6 103.6 102.4

CV (%) 3.7 13.4 9.7

BPA, bisphenol A; BPF, bisphenol F; BPS, bisphenol S, DBP,

dibutyl phthalate; DCHP, dicyclohexyl phthalate; DnPP, dipentyl

phthalate; BBP, benzyl butyl phthalate; DIBP, diisobutyl phthal-

ate; (DEBP), bis(2-ethylhexyl) phthalate; CV, coefficient of

variation.

Table 5. Homogeneity of bisphenols and phthalates in corn oil

Compound Criteria
Nominal concentration (μg/mL)

1 10

BPA
Content (%) 98.3 101.5

CV (%) 4.7 3.5

BPF
Content (%) 90.8 93.8

CV (%) 0.8 1.5

BPS
Content (%) 92.5 91.8

CV (%) 1.3 2.9

DBP
Content (%) 88.0 100.2

CV (%) 2.4 0.8

DCHP
Content (%) 92.2 95.7

CV (%) 3.7 0.5

DnPP
Content (%) 95.2 91.0

CV (%) 5.7 1.0

BBP
Content (%) 92.7 108.8

CV (%) 3.1 0.7

DIBP
Content (%) 87.1 103.2

CV (%) 5.5 1.2

DEHP
Content (%) 103.9 92.5

CV (%) 7.5 1.3

BPA, bisphenol A; BPF, bisphenol F; BPS, bisphenol S, DBP,

dibutyl phthalate; DCHP, dicyclohexyl phthalate; DnPP, dipentyl

phthalate; BBP, benzyl butyl phthalate; DIBP, diisobutyl

phthalate; (DEBP), bis(2-ethylhexyl) phthalate; CV, coeffi-

cient of variation.
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whether the formulation was stable at room temperature,

its stability was evaluated by comparing the initial

and analyzed concentrations after storage at room

temperature for 7 d (Table 6). The stability after

pretreatment and 7 d at room temperature was 88.3 % –

115.9 % and 95.6 % – 117.8 %, respectively, which

were within 20 % of the initial concentration. These

results indicate that suitable criteria for stability were

met and that the formulation was stable for 24 h and

7 d at room temperature.

4. Conclusions

The concentrations of various bisphenols and

phthalates in corn oil were measured using an analytical

method that involved evaluating the system suitability,

linearity, accuracy, homogeneity, and stability of the

tested compounds via LC-MS/MS. In this method,

LC-MS/MS was appropriately maintained to analyze

the minimum concentration level of the calibration

curve. The r2 value of the calibration curve was at

least ≥0.99, and the accuracy and precision of the

calibration curve were good. The accuracy and precision

of the QC samples evaluated in terms of recovery

and CV were high, and the formulation was stable

before injection into the instrument after pretreatment

and exposure to room temperature. The proposed

method can be applied for the simultaneous quan-

tification of BPA, BPF, BPS, DBP, DCHP, DnPP,

BBP, DIBP, and DEHP in corn oil and can be used in

related applications for measuring bisphenols and

phthalates in oil. 
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