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Bisphenol A (BPA) is a chemical used in the production of plastics (polycarbonate) that can pose risks
to human health. This research aimed to evaluate contents of BPA in soft drink samples (samples
packaged in different containers and different volumes) by MSPEGC/MS (Magnetic Solid-Phase
Extraction-Gas Chromatography/Mass Spectrometry) technique. Moreover, health risks of human were
assessed for Iranian consumers by MCS method. Our results revealed, the average level of BPA in all
samples was 1.83 +1.16 ppb (ranging from 0.45 to 5.10 ppb). BPA levels differed significantly among
the samples depending on the type of packaging and pH level (P <0.05). Also, the highest and lowest
average levels of BPA in different soft drinks of different flavours/tastes were in cola soft drink samples
(2.53 ppb) and energy drink samples (0.85 ppb), respectively. Furthermore, the highest and lowest
average levels of BPA in soft drinks with different volumes were observed in 1500 cc soft drink samples
(2.87 ppb) and 500 mL soft drink samples (0.9 ppb), respectively. The results of the MCS (Monte Carlo
Simulation) indicated the 95th percentile for the THQ (Target Hazard Quotient) of BPA in soft drink
samples was 9.61E +1 for adults and 1.37E + 2 for children (6 years) (THQ > 1). Overall, these results
imply that exposure to BPA could represent a potential health risk for individuals who frequently
consume soft drinks packaged in PET (Polyethylene Terephthalate) or cans, especially for children.
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BPA or Bisphenol A is a synthetic organic compound, which has become the focus of public health debate and
regulatory scrutiny due to its widespread use and potential adverse impacts on human health. This substance
(bisphenol A) was first synthesized in the early 1900s. BPA is primarily applied in the manufacture of epoxy
resins and plastics (polycarbonate) that are used in a variety of consumer products, comprising containers
(foodstuff and beverage), thermal paper, and dental materials. The chemical structure of BPA, a diphenylmethane
derivative, is strongly linked to its estrogenic activity>. Endocrine disruption has been the main focus of much
of the toxicological research surrounding BPA. Unlike classical hormones, endocrine disruptors can mimic
or oppose the effects of natural hormones, disrupting the body’s complex hormonal signaling pathways>*.
Endocrine disruption can have many consequences during the human lifespan, affecting various physiological
processes including growth, reproduction, and metabolism. The effects of endocrine disruption are often subtle
and can appear years, even decades after exposure, challenging epidemiological studies and highlighting the
need for robust analytical methods to quantify BAP levels in food/drink>®. The consumption of soft drinks
has emerged as a highly visible and controversial public health and policy issue. Researchers often consider
soft drinks to be a primary cause of obesity and associate them with health issues, especially in children’.The
versatility and durability of BPA-containing materials have led to their widespread use in many applications in
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modern life, thus raising significant concerns about the safety of various products, particularly in relation to food
and beverages®®. The EU Regulation No. 2024/3190 banned, the use of BPA from 20 January 2025'7.

In the case of BPA in foodstuffs, the Commission of EU (European Union) has set a migration limit of 600 pg/
kg!!. The Reference Dose (RfD) of BPA was established at 50 pg/kg bw/day by the US.EPA (Environmental
Protection Agency)'2 In 2023, the European Food Safety Authority (EFSA) conducted a new safety review of
bisphenol A (BPA), resulting in a substantially lower tolerable daily intake (TDI) of 0.2 ng/kg body weight per
day. This updated limit is roughly 20,000 times stricter than the former provisional TDI of four micrograms
per kilogram and aligns with EFSA’s revised analysis of the health risks associated with BPA exposure!>!4,
Additionally, the TDI of BPA recommended by the Canada Health Organization is 25 pg kg™! bw day{~! 1.

Several studies have documented the existence of BPA in a variety of food and beverage matrices, including
canned foods, bottled water, and even infant formula'®-?!. However, BPA levels in soft drinks, which are a
significant part of many people’s diets, remain an area of ongoing research. Soft drinks are a significant category
of beverages that frequently come into contact with materials containing BPA. Many soft drinks are packaged
in plastic bottles or aluminum cans lined with epoxy resins that may contain BPA. Research has revealed BPA
compounds can migrate from these packaging materials into beverages, especially under conditions such as heat
or prolonged storage, leading to potential exposure for consumers!”?>2>, Given the popularity of soft drinks
among various populations, understanding the levels of BPA in these beverages is important to assess potential
health risks®2¢7,

Analytical assessment of BPA composition in food matrices such as soft drinks (due to the simple matrix
but various additives) presents significant challenges. The low concentrations typically encountered necessitate
sensitive and selective analytical techniques!”!5%. GC-MS has emerged as a widely accepted and powerful
method for the evaluation of BPA compound in various environmental and biological samples!72°3°. Its high
sensitivity, coupled with its ability to provide both qualitative and quantitative data, makes it a suitable choice
for this investigation. However, effective sample preparation is critical to remove interfering compounds and to
concentrate the analyte, thereby improving the reliability and accuracy of the GC-MS analysis. SPE (solid-phase
extraction) and LLE (liquid-liquid extraction) are generally applied procedures for this purpose, each possessing
its advantages and disadvantages in terms of efficiency, cost, and ease of implementation. The selection of the
optimal technique of sample preparation often depends on the specific matrix and the anticipated concentration
of BPA. Magnetic multi-walled carbon nanotubes (MWCNTs) functionalized with iron oxide (Fe,O,) as
MSPE (magnetic solid-phase extraction) method are employed as an effective adsorbent for the extraction and
detection of BPA in beverages. The magnetic properties facilitate easy separation of the adsorbent from the
solution after the adsorption process, enhancing the efficiency of BPA extraction. This method leverages the high
area of surface and adsorption capacity of MWCNTs, allowing for sensitive and selective determination of BPA,
which is crucial for assessing the safety of food and drink products®>!.

Assessment of human health risk is a systematic procedure applied to assess the potential human health risks
related with exposure to hazardous substances, like BPA, in consumer products. This process typically comprises 4
main steps: hazard identification, dose-response assessment, exposure assessment, and risk characterization3%33,

In the context of BPA in soft drinks, hazard identification focuses on understanding the adverse health
effects linked to BPA exposure, particularly its role as an endocrine disruptor. Assessment of dose-response
examines the relationship between the level of exposure and the severity of health impacts, while assessment
of exposure estimates the actual levels of BPA that consumers may encounter through soft drink consumption.
Finally, risk characterization integrates these elements to provide an overall evaluation of the potential health
risks to consumers, helping to inform regulatory decisions and public health recommendations. By conducting
a thorough risk assessment, we can better understand the implications of BPA presence in soft drinks and guide
efforts to protect consumer health>3,

Since soft drinks are one of the components of the Iranian consumer basket, and no comprehensive study
has been conducted in this field so far, the present study seems necessary. With this explanation, the aim of this
study was to determine the level of BPA compound in different soft drink samples (orange drink, cola drink,
energy drink and lemon soft drink) using the MSPE-GC/MS method and to assess the potential human health
risks associated with the detected levels. By comparing our findings with the safety limits set by international
regulatory agencies, we hope to provide valuable insights into the safety of soft drinks and their implications for
consumer health.

Materials and methods

Chemicals

The MWCNTs were acquired from Nanoshel Co. (Panchkula, India), with specifications of 30-60 nm diameter
and 5-30 pmlength. Bisphenol A was ordered from Sigma-Aldrich (West Chester, PA; USA). From Merck Co.,
(Darmstadt, Germany), sucrose, magnesium sulfate, sodium chloride (NaCl), acetonitrile, potassium carbonate,
isoamyl alcohol, n-hexane, Fehling’s solution, methylene blue, sulfuric acid, tetrachloroethylene, acetic anhydride
and other used chemicals were ordered. All chemicals were of analytical grade.

Preparation of magnetic adsorbent

The magnetic adsorbent (MWCNTs-Fe,O,) was prepared as described in previous studies'®*>*. The magnetic
nanoparticle fabrication process consisted of two steps. (1) Functionalization of MWCNTs: First, the nanotubes
were treated with HNO3/H2S04 (1:3) and sonicated for 10 h to create carboxyl and hydroxyl groups on
their surfaces. The magnetic nanoparticle fabrication process consisted of two steps. (1) Functionalization of
MWCNTs: First, the MWCNTSs were treated with HNO3/H2SO4 (1:3) and ultrasonicated for 10 h to create
carboxyl and hydroxyl groups on their surfaces. The assembly of magnetic nanoparticles on acid-treated
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MWCNTs: An amount of 0.467 g of FeCl,.6H,O and 0.04 g of acid-treated MWCNTSs were suspended in 25
mL of ethylene glycol in a glass vial. 1.2 g of sodium acetate was added and the solution was mixed (for 5 min)
at room temperature by a magnetic stirrer. Afterwards, the glass vial was placed in an airtight steel container
and heated in an oven for 14 h at 200 C. After cooling to room temperature, the synthetic product was washed
with 25 mL ethanol and MWCNT-MNPs were recovered by applying a magnetic field via a magnet placed on
the outer wall of the glass vial. This cleanup procedure was repeated 5 times. The magnetic MWCNTSs composite
obtained was stored in ethanol (25 mL) until needed.

Collection of samples

A total of 48 soft drink samples (in duplicate) (including 4 tastes (cola, lemon, orange and energy drinks), 2
packaging type (can and PET) and 6 different volumes (150, 250, 300, 330, 500 and 1,500 mL)) were purchased
from supermarkets in Tehran City (5 districts by simple random sampling). Also, soft drink brands were selected
from the most widely consumed brands by simple random sampling. They were transferred to the laboratory and
retained at conditions mentioned on their labels until investigation.

Measurement of BPA

Sample Preparation

First, 0.1 g of MWCNT-Fe,O, composite was mixed with 10 mL of the degassed soft drink samples, 0.5 g of salt
(NaCl) and 100 pL of phenol (internal standard) and mixed for 5 min with a magnetic stirrer and left to stand for
10 min. Then the supernatant was removed and an external magnet was located on the vial’s outer wall to gather
the MWCNT—FeSO , composite. Next, with 2 mL of dichloromethane, the composite was washed and then the
magnet was placed outside again to separate the composite from the dichloromethane containing the analyte,
and finally the solution containing the analyte was transferred to the GC vial with syringe filters and kept in a
refrigerator. To the sample extracted from the previous step, 50 uL of MSTFA (N-Methyl-N-trimethylsilyltrifl
uoroacetamide) derivatizing was added and incubated at 50 C for 1 h. Finally, one microliter was injected into
the instrument!2,

CG-MS operating conditions

In this study, a GC (Agilent 7890, Palo Alto, CA, USA) with a MS detector (Agilent 5975) was used, equipped
with a capillary column (HP5-MS; internal diameter: 0.25 mm; length of column: 30 m; thickness of film:
0.25 pm). The GC conditions such as temperatures, times, carrier gas, etc. were in accordance with the previous
study'”. The GC-MS operating conditions were: the carrier gas: helium (99.999%); flow rate: 1 mL min~'; the
injection mode: splitless; the injection volume: 2 pL. The oven temperature instructions were as follows: the
temperature of the injector: 280 °C, the temperature initial: 100 °C with 1 min hold, ramp to 225 °C for 5 min at
20 °C min~}, and then ramp to 325 °C at 35 °C min! and held for. The monitoring m/z ions for IS were 94, 187
and 188 and for BPA were 357 and 285 for confirmation ions (m/z) and 285 for qualifier ion (m/z).

Method performance

From BPA standard solution, the curve of calibration was constructed ranging from 10 to 100 (ng L™!) in
methanol. The limit of quantification(LOQ) and Limit of Detection (LOD) were calculated applying the
calibration curve slope (S) and response standard deviation (6)*’-3° according to the following formula:

LOD = 3.30/S.
LOQ = 3LOD

By spiking 3 replicas of BPA real sample, the recovery rate was evaluated. The Relative Standard Deviation (RSD)
was evaluated through investigation of 6 BPA compound.

Measurement of sugar and pH

The sugar content in the samples was measured according to a previous study'”. First, 6-10 mL of hydrochloric
acid with 25 g of sample were added to a volumetric flask (100 mL) and then located in a water bath at 70 °C for
10 min. Next, the volumetric flask was cooled, a few drops of phenolphthalein were added and it was neutralized
with 40% sodium hydroxide and 0.1 N sodium hydroxide to create a stable light pink color. Then, Fehling
solution A (5 mL) and Fehling solution B A (5 mL) were poured into the Erlenmeyer flask and mixed. Then,
a few glass beads, 3 to 4 drops of methylene blue, and 20 mL distilled water were added to the Erlenmeyer
flask. The resulting solution was heated on a hot plate to boil for 2 min. Then, the neutralized solution was
poured into the burette and, while boiling the Fehling’s solution, the neutralized solution was slowly added to
the Erlenmeyer until it turned a reddish-brown Cu,O color. The volume of consumption was recorded. It was
calculated according to the following formula:

F x 100 x 100 x 100

N = V x 25 x 25

where, F is the Fehling factor; V is the volume of solution consumed in mL, and N is total sugars (sugar after
hydrolysis) in grams per % gram.

In our study, the soft drink sample (10 mL) was transferred to a beaker and the solution’s pH was analyzed
with a pH meter (electronic, Hach, USA)".
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Hazard identification and exposure assessment

The human health risk assessment model is a comprehensive approach designed to evaluate the likelihood and
severity of negative health effects from exposure to carcinogenic and non-carcinogenic environmental threats
within human-environment interactions over a defined timeframe.

Estimated daily intake
To evaluate the health risks posed by BPA, it is important to determine the how much, how often, and how long
of human exposure to this contaminant by tracking the exposure path into the human.

Since the primary entry pathway is oral, the health risk assessment model calculates the estimated daily
intake (EDI) of Bisphenol A using the equation provided by the USEPA!".

C x EDi x EFi x IR
EDL= BW x AT M

A summary of the parameters used for the risk assessment can be found in Supplemental Table S1.

Dose-response assessment refers to a quantitative evaluation that illustrates the extent or frequency of
risks linked to a specific amount of a contaminant. Based on a comprehensive food study of household food
consumption patterns and nutritional status in Iran, the ingestion rate of soft drinks was set at 0.012 kg/day
for children and 0.03 kg/day for adults*’. This process includes determining toxicity benchmarks, such as the
tolerable daily intake (TDI) for non-carcinogenic risks. According to the European Food Safety Authority
(EFSA), the TDI for bisphenol A (BPA) is set at 0.2 ng kg™ body weight per day'?.

The non-carcinogenic aspects of Bisphenol A, indicated by the target hazard quotient (THQ), are calculated
as the ratio of the estimated daily intake of the contaminant from ingestion to its respective tolerable daily intake
(TDI) and oral reference doses (RfD)!2, as expressed by the following equation!”:

EDI

THQ = Ty @
EDI

THQ = &5 ®

Thus, when THQ < 1, it displays no risk, whereas THQ > 1 suggests a significantly elevated non-cancer risk. Monte
Carlo simulation (MCS) is a valuable tool for conducting probabilistic health risk evaluations in situations with
uncertain and variable conditions, which are important in real-world scenarios where contaminant levels can
fluctuate. In contrast to deterministic techniques, MCS provides a statistical distribution of possible outcomes,
enabling a more comprehensive and realistic representation of risk exposure*'~*4, To thoroughly evaluate the
health risks associated with Bisphenol A in soft drink samples, a Monte Carlo simulation was conducted using
the Crystal Ball software tool (Crystal Ball v 11.1.2.3.0 software, Oracle@ Crystal Ball, Oracle Corporation,
USA) for uncertainty analysis. It is crucial to determine the number of simulation steps at the beginning of the
simulation. Monte Carlo Simulation (MCS) quantified uncertainty distributions by running 10,000 iterations
with randomized input values—including measured BPA concentrations, ingestion rates, body weights, and
exposure durations. This process generated probability distributions for model outputs, with final results
reported at confidence levels ranging from 1 to 99%.

Statistical analysis

In our study, the data were analyzed using SPSS version 22 (for Windows, version 22.0; SPSS Inc., Chicago, Illinois,
USA). The Kolmogorov-Smirnov test was conducted to assess the distribution of the research parameters. The
results were evaluated using Spearman Correlation, with statistical significance set at p <0.05. Additionally, the
Kruskal-Wallis test was employed to determine significance between groups.

Results and discussion

Analytical method validation

In our investigation, R? (determination coefficient), relative standard deviation (RSD), LOQ (quantification
limit), LOD (detection limit) and recovery rate were 0.994, 12.3%, 0.0035 ng mL, 0.001 ng mL™! and 92.5%,
respectively. The results obtained in this study were similar to other confirmed study methods. In similar study,
Jiao et al. used MWCNT-MNP and GC-MS/MS for the measurement of BPA and they reported the recovery was
in the range of 90.3-103.7% with RSD lower than 10%. The determination coefficient (R?=0.9988) was achieved.
Also, they reported the LOD was 0.001 pug LI=! 1%, In other study, Zang et al. prepared graphene grafted magnetic
microspheres and applied as the adsorbent in MSPE method for the measurement of BPA. They reported that
the LOD (S/N=3) was 10.0 ng L™}, the recovery was in the range from 93.5 to 99.5% (inter-day) and from 93.9
to 104.3% (intra-day), with the RSD varying from 3.1 to 5.7% (inter-day) and from 2.1 to 5.8% (intra-day)®.
Furthermore, Hazrati-Raziabad et al. analyzed BPA concentration with method of derivatization by GC/MS and
reported the determination coefficient (R?), recovery, LOQ, LOD, and RSD were 0.991, 99.8%, 0.35 ng/g, 0.1 ng
¢!, and 8.9%, respectively!”.

Comparison of pH between soft drinks with different flavours/tastes

Table 1 shows the pH levels in soft drinks with different flavours/tastes. The average pH in all samples was
3.06 £0.26. In addition, the highest and lowest average pH levels among the soft drinks with different flavours/
tastes were lemon soft drink (3.26) and cola soft drink (2.77), respectively. According to the results, the order of
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Taste Minimum | Maximum | Mean | Median | Std. Deviation | p value
Energy Drink 3.02 3.50 3.21 3.10 0.26

Orange soft Drink | 3.03 3.40 319 |3.20 0.14 0.000
Cola Soft Drink 2.60 3.00 277 | 276 0.12

Lemon Soft Drink | 3.10 3.34 326 | 3.30 0.10

All samples 2.60 3.50 3.06 |3.10 0.26 -

Table 1. Comparison of pH levels among soft drinks with different flavours/tastes.

Taste Minimum | Maximum | Mean | Median | Std. Deviation | p value
Energy Drink 24.00 36.32 29.77 | 29.00 6.20

Orange soft Drink | 26.00 34.42 30.59 | 31.50 3.44 0.90
Cola Soft Drink 23.00 40.00 29.93 |28.50 5.95

Lemon Soft Drink | 23.00 27.00 25.74 | 26.00 1.64

All samples 23.00 40.00 29.00 | 28.00 4.71 -

Table 2. Comparison of sugar content among different sample type of soft drinks (%).

Taste Minimum | Maximum | Mean | Median | Std. Deviation | p value
Energy Drink (n=12) 0.81 0.90 0.85 0.84 0.05

Orange soft Drink (n=12) | 0.45 1.93 1.27 1.16 0.64 0055
Cola Soft Drink (n=12) 1.22 5.10 2.53 1.86 1.40

Lemon Soft Drink (n=12) | 0.85 3.13 1.98 1.56 1.05

All samples (n=48) 0.45 5.10 1.83 1.44 1.16 -

Table 3. Comparison of BPA levels among soft drinks with different flavours/tastes (ppb).

average pH was lemon soft drink > energy drink > orange soft drink > cola soft drink. It is worth noting that there
was a significant difference between the samples, as determined by the Kruskal-Wallis test (Table 1).

The pH levels in different soft drinks such as energy drink, orange, lemon, and cola soft drinks depend on
several factors. One of the main reasons is the type of acids present in these drinks; For example, lemon and
orange soft drinks usually contain citric acid, which can lower the pH and make them more acidic. On the
other hand, cola soft drinks may contain phosphoric acid, which also affects the acidity level. In addition, the
sweeteners, flavors, and carbon dioxide gas used in the production process of these drinks can also affect the

final pH. In general, the formulation and composition of the raw materials of each type of drink causes their pH
to vary®*4,

Comparison of sugar content between soft drinks with different flavours/tastes

Table 2 shows the sugar content in soft drinks with different flavours/tastes. The average sugar content in all
samples was 29%. Also, the highest and lowest average sugar content in soft drinks with different flavours/tastes
were orange soft drink (30.59%) and lemon soft drink (25.74%), respectively. According to the results, the order
of average sugar content in different soft drinks was orange soft drink > cola soft drink > energy drink >lemon
soft drink. As determined by the Kruskal-Wallis test (Table 1), there was no significant difference between the
samples.

The sugar content in different soft drinks such as energy soft drink, orange soft drink, lemon soft drink and
cola soft drink depends on several factors, comprising the type of flavoring, the purpose of production and the
target market. Some energy drinks and orange soft drink typically contain higher amounts of sugar to provide a
stronger energy and flavor, while lemon and cola drinks may require less sugar due to the use of natural acids and
flavors. Also, in soft drinks, the amount of sugar depends on the formulation and brand; some brands use more
sugar to balance the taste and sweetness. In addition, consumer demand and health trends can also affect the
amount of sugar in these drinks, with some manufacturers moving towards reducing sugar and using artificial
or natural sweeteners®3446,

Bisphenol A levels in soft drink samples

Table 3 indicates the BPA levels in all soft drink samples. The average BPA level in all samples was 1.83+1.16 ppb

(ranging from 0.45 to 5.10 ppb). According to the results obtained, the level of BPA contamination in the soft

drink samples was less than the existing standards (such as EU standard level that is 600 ppb in food products)!!.
The BPA levels in different types of soft drinks depend on several factors. First, the type of packaging of soft

drinks plays an important role; many soft drinks are packaged in plastic bottles or aluminum cans, which may

or may not comprise BPA. Also, the process of manufacturing and storing soft drinks is also influential; some
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Year | Researcher | Country | Food matrix Result Ref
In canned soft drink products -1 8
2009 | Cao et al. Canada (between 2006 and 2008) ND (0.032) to 0.45 pg L
. . . Mean BPA concentrations (range) were 2.70 +0.08 (1.90-3.50 ng mL™!) in samples of canned liquid
2017 Tzatzarakis Greece In samples of soft drink and phase, 2.30£0.18 (0.40-10.2 ng mL™!) in samples of soft drink, and 33.4+4.4 (4.90-66.0 ngmL™) in | ¥
etal. canned foodstuffs .
samples of canned solid phase.
In different beverages (milk- The median BPA levels (range) in non-canned carbonated beverages, canned carbonated beverages
2015 | Fasanoetal. | Italy based, non-carbonated and and milk-based products were 0.18 (<LOD-1.78 pg L™!) and 1.24 (<LOD-4.98 ug L™!) and 3.60 ug/L | ¢
sugary carbonated) (1.00-17.65 pg L), respectively.
2011 ga’ﬁart-Ayala Spain In soft drinks (canned) ND to 607 ng L™! 9
In soft drinks and milk (plastic In samples of soft drink collected in winter and summer seasons, BPA concentrations were 0.14-0.3
2021 | Farooq etal. | Pakistan bottles) P and 0.7-1.02 mg kg ™!, respectively. In samples of milk collected in winter and summer seasons, BPA 3
concentrations were 0.17-0.32 and 0.77-1.59 mg kg ™!, respectively.
2013 ;azih““had Spain | In soft drinks 0.066 to 1.08 ng mL™! 48
2013 | Lietal. China In soft drinks ND to 0.86 pg L™! 20
2010 | Cao etal. Canada %ga;aggl)ezrfj i(;itrd;riglc(lucts In soft drink samples=ND to 0.21 and in beer products=ND to 0.54 pg L% ¥
2023 | Kumaretal. | India xai:?alﬂgsszgpéi?gﬁﬁ ziﬂfedd). In samples of plastic-bottled water =60-90 pg mL™! and in soft drinks (canned) =8.2-14.01 pg mL™! s
Goodson The BPA concentrations was detected in 37 canned foodstuffs at levels from 0.007 mg kg™!, with one
2002 | o England | In canned foodstuffs meat sample comprising an average concentration of 0.38 mg kg~'. All other samples contained BPA at | ¢
etal levels<0.07 mg kg
Table 4. Results of the investigation of bisphenol A levels in previous studies.
Packaging | Min | Max | Mean | Median | SD | p value
PET (n=24) | 0.44 |523 |231 |191 1.39
0.025
Can (n=24) | 0.75 | 228 |128 |121 0.63
Table 5. Comparison of BPA levels in different soft drink packaging (can and PET).
manufacturers use alternatives to BPA to ensure the health of consumers. Furthermore, the type of soft drink
formulation and additives used can also affect the concentrations of BPA. In general, differences in foodstuff
quality and safety standards in different countries can also lead to variations in the amount of BPA in soft
drinks®26:3446_

The results of the investigating of bisphenol A levels in previous studies are shown in Table 4, and the
differences may be owed to differences in raw materials, preparation methods, packaging types, and measurement
procedures for this compound in different beverages®3446:47,

Comparison of BPA levels in soft drinks with different flavours/tastes

Table 3 shows the BPA levels in soft drinks with different flavours/tastes. The highest and lowest average levels
of BPA were in cola soft drink samples (2.53 ppb) and energy drink samples (0.85 ppb), respectively. Also, the
average levels of BPA in orange and lemon soft drinks were 1.27 and 1.98 ppb, respectively. The order of average
levels of BPA in soft drinks was cola soft drinks>lemon soft drinks>orange soft drinks>energy drinks. It is
worth noting that the p-value is 0.055, which is close to the border of significance of 0.05. A p-value of 0.05 or
greater is frequently referred to as “borderline significant” or “not significant” This suggests that the result is
likely due to chance, and the null hypothesis cannot be rejected.

The BPA levels in soft drink samples depend on several factors, which can be related to differences in
packaging, formulation, and manufacturing processes. Cola drinks are usually packaged in aluminum cans or
plastic bottles, which may contain BPA, which can lead to increased contamination in these types of drinks. Also,
the formulation and additives in different drinks can affect the amount of BPA; for example, lemon and orange
drinks may use ingredients (such as natural acids (citric acid), artificial flavors and colors) that help reduce
exposure to BPA. Finally, energy drinks usually contain various ingredients (such as antioxidants ingredients
(ascorbic acid (vitamin C) and tocopherol (vitamin E)), natural acids (citric acid and malic acid), herbal extracts
(extract of green tea or extract of grape seed) and artificial flavors or colors) that may reduce the amount of BPA.
Therefore, the results indicate that cola drinks have the highest contamination (not significantly), with lemon,
orange, and energy drinks gradually decreasing in contamination®>48:47,

Comparison of BPA concentrations in soft drink samples with different packaging (can and
PET)
Table 5 shows the BPA concentrations in different soft drink packaging types (cans and PET). According to this
table, the average BPA level in PET packaging (2.31 ppb) was higher than in can packaging (1.21 ppb). It is worth
noting that since the p-value is 0.025, the difference is significant.
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Volume (mL) | Minimum | Maximum | Mean | Median | Std. Deviation | p value
150 (n=8) 1.22 1.22 1.22 1.22 -

250 (n=38) 0.81 2.95 1.53 0.84 1.22

300 (n=38) 0.93 3.44 2.18 1.89 0.93

330 (n=38) 0.85 1.93 1.35 1.31 0.37 048
500 (n=38) 0.90 0.90 0.90 0.90 -

1,500 (n=8) 0.45 5.10 2.87 3.06 2.33

Table 6. BPA concentrations between soft drinks with different volumes (ppb).

EDI THQ

age Percentiles | energy drink grgnl%e soft Zoblf()ﬁ gerlnokn Soft | All 1 energy drink gr'fmfe soft zoklf(’ﬁ 1;"‘“;(“ Soft | All 1
rin] rin] rin| samples rin] rin] rin] samples
5% 8.19E-6 8.62E-6 8.89E-6 | 7.27E-6 8.08E-6 | 1.65E-4 1.67E-4 1.67E-4 | 1.43E-4 1.58E-4
adlults 50% 1.26E-5 1.29E-5 1.27E-5 | 1.09E-5 1.21E-5 | 2.55E-4 2.60E-4 2.56E-4 | 2.20E-4 2.46E-4
75% 1.50E-5 1.53E-5 1.49E-5 | 1.28E-5 1.42E-5 | 3.08E-4 3.11E-4 3.12E-4 | 2.63E-4 2.95E-4
95% 1.93E-5 1.97E-5 1.88E-5 | 1.63E-5 1.78E-5 | 4.09E-4 4.04E-4 4.07E-4 | 3.41E-4 3.84E-4
5% 1.18E-5 1.21E-5 1.18E-5 | 1.01E-5 1.18E-5 | 2.29E-4 2.31E-4 2.36E-4 | 1.93E-4 2.23E-4
children 50% 1.76E-5 1.82E-5 1.78E-5 | 1.54E-5 1.76E-5 | 3.56E-4 3.70E-4 3.62E-4 | 3.01E-4 3.41E-4
75% 2.11E-5 2.16E-5 2.08E-5 | 1.82E-5 2.07E-5 | 4.29E-4 4.29E-4 4.36E-4 | 3.64E-4 4.14E-4
95% 2.65E-5 2.68E-5 2.63E-5 | 2.26E-5 2.61E-5 | 5.45E-4 5.54E-4 5.60E-4 | 4.79E-4 5.49E-4

Table 7. EDI and THQ values of BPA exposure through soft drink samples according to the USEPA hazard
assessment.

The amount of bisphenol A (BPA) in different types of beverage packaging, such as cans and PET, varies for
several reasons. BPA is a chemical compound commonly applied in the production of PET plastics and can leach
into the beverage contents under certain packaging conditions. PET packaging may cause more contamination
than aluminum cans, which usually have internal protective layers, due to its higher permeability and reactivity
of plastic materials with the liquid content. Storage conditions, temperature, and time of storing can also impact
the amount of BPA in beverages. For this reason, the results show that PET packaging generally has more
contamination than can packaging®3°.

Comparison of BPA concentrations in samples of soft drink with different volumes

Table 6 shows the BPA levels in samples of soft drink with different volumes. The highest and lowest average
levels of BPA were observed in 1500 cc soft drink samples (2.87 ppb) and 500 cc soft drink samples (0.9 ppb),
respectively. The order of the average levels of BPA in samples of soft drink with different volumes was 1500
cc>300 cc>250 cc>330 cc>150 cc>500 cc, respectively. It is worth noting that since the p-value is 0.48, the
difference is not significant.

The BPA levels in samples of soft drinks with different volumes may vary for several reasons, including the
type of packaging, storage time, and conditions of storing. Nonetheless, the outcomes demonstration there is
no difference (significant) in BPA levels amongst different volumes, meaning that changes in volume do not
have a significant effect on BPA concentrations. These findings suggest that while the volume of the soft drink

may be influential, other factors must also be considered to identify the exact reasons for the differences in BPA
levels®4>47:48,

Exposure assessment

The findings of the EDI risk assessment concerning the presence of BPA from the soft drinks are presented in
Table 7. The EDI index (95th percentile) of BPA in soft drink samples for children and adults were 2.61E-5, and
1.78E-5 mg kg™! bw day ™, respectively (Table 7). Additionally, the order of EDI indices in samples was cola
drink > orange drink > energy drink >lemon drink. The EDI risk assessment results for both children and adults
exceeded the TDI index of BPA (2 E-7 mg/kg bw/day) established by the EFSA!*>!, while these values in the soft
drink samples were lower than the maximum acceptable risk level (reference dose, 0.05 mg Kg™' bw day™) for
BPA permitted by USEPA hazard assessment'2. The findings of the THQ index risk assessment concerning the
presence of BPA from the soft drinks are presented in Fig. 1. The results of the Monte Carlo method revealed the
THQ index in the form of a frequency histogram for a continuous distribution. The THQ index (95th percentile)
of BPA in soft drink samples for children and adults were 1.37E + 2, and 9.61E + 1, respectively. Also, the order
of EDI values in samples was cola drink>orange drink>energy drink >lemon drink. According to the EFSA
opinion, the presence of BPA in soft drink samples obtained from Iran posed a significant non-carcinogenic
health risk. However, the same samples were found to pose no significant health risk based on USEPA criteria.
These predicted non-carcinogenic harms in the study area underscore a concerning situation for the public,
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Fig. 1. Simulation of THQ in soft drink samples according to the EFSA hazard assessment.

suggesting a heightened likelihood of serious health risks for individuals in the coming years unless an immediate
remediation strategy is implemented.

In a related study conducted in Australia, Marchiandi et al. reported that the estimated daily intake of BPA
from beverages packaged in cans, plastic, and glass for adults and children ranged from 89 to 423 ng/kg™!/bw
day™, respectively, which is 2000 times higher than the safety limit. The revised tolerable daily intake (TDI) by
EFSA" for BPA indicates that drinking non-alcoholic beverages from BPA containers may present health risks,
especially for young children who are more susceptible to chemical exposure. Young children typically eat larger
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amounts of food relative to their body weight than adults do, mainly because of their lower body mass. This
can result in a higher estimated daily intake of certain substances. Due to their higher intake levels and smaller
body size, children are more vulnerable to the adverse effects of potentially toxic substances. Moreover, children
who drink sugary beverages face an elevated risk because of the combined impact of sugar and BPA, potentially
resulting in cardiometabolic issues like insulin resistance and high blood pressure, especially in overweight or
obese children with elevated BPA levels™.

A proposed ban on BPA in food contact materials (FCMs) raises concerns about substituting it with
alternatives that may pose similar or unknown risks. To prevent regrettable substitutions, it is essential to gather
toxicological data on these substitutes and implement proper monitoring. Currently, knowledge about the usage
and exposure levels of these alternatives is limited. Thus, increased toxicological research and monitoring of
these substances in FCMs are necessary to avoid poor replacement decisions for BPA.

Conclusion

The purpose of the present research was to assess BPA levels in soft drink samples distributed in Tehran, Iran
by MSPE-GC/MS method. According to the results obtained, the concentration of BPA contamination in all
soft drink samples was lower than the existing standards (such as EU standard level that is 600 ppb in food
products). Significant differences were observed among the samples in terms of packaging type, and pH level
(P<0.05). Also, the order of average pH in samples was lemon drink > energy drink > orange drink > cola drink,
and the order of average sugar content in different soft drink samples was orange drink> cola drink >energy
drink >lemon drink. Furthermore, the order of average levels of BPA in soft drink samples with different flavors
were cola soft drinks >lemon soft drinks > orange soft drinks > energy drinks, and the order of the average levels
of BPA in soft drink samples with different volumes was 1500 cc > 300 cc > 250 cc> 330 cc > 150 cc > 500 cc. Finally,
the order of average BPA levels in different soft drink packaging types was PET packaging>can packaging.
The uncertainty analysis of health risk findings indicates that consuming soft drinks poses a significant health
threat (HQ > 1). Limitations of this study include the lack of monitoring by relevant agencies as well as financial
constraints, suggesting that it is important to assess the long-term effects of BPA exposure from daily diets,
which regulatory agencies should address to truly protect public health. Addressing these issues will likely lead
to better management of BPA and possibly other similar bisphenols. Other food products vulnerable to BPA
contamination, such as dairy products and various beverages (including mineral water and fruit juice), should
also be assessed.
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