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ABSTRACT 

This review aims to examine the presence of heavy metals, pesticide residues, and bisphenol A (BPA) 
in non-alcoholic beverages sold in the Middle East and to discuss analytical detection methods based 
on data from previous studies. The primary focus of this study was on identifying and evaluating 
existing research on this topic. The evaluation revealed that contaminants such as lead, cadmium, 
arsenic, organophosphates, organochlorine pesticides, and BPA were detected in industrially pro-
duced beverages, particularly in the Middle East. These contaminants were found to penetrate the 
beverages through raw materials, environmental factors, or packaging processes, depending on pro-
duction conditions. Several technical methods are used to detect these residues. The most common 
methods include ICP-MS, FAAS, GFAAS, GC-MS/MS, LC-MS/MS, and HPLC. These methods 
also differ in terms of accuracy and cost. Therefore, in the application of these methods, particular 
attention should be paid to ensuring that contaminant levels are acceptable, that they are within safety 
limits, and that they have high sensitivity. Considering studies conducted in Middle Eastern countries 
in line with the aim of this study, heavy metal concentrations generally remain within internationally 
accepted limits; however, pesticide residues and BPA levels have been detected in some beverages. 
It should be noted that this situation may vary in most Middle Eastern countries in terms of raw 
materials used and regulatory controls. In addition, the high consumption of non-alcoholic beverages 
in the region can also increase total exposure. Hence, residues in beverages are particularly important 
for sensitive groups such as children, adolescents, and pregnant women, as these groups may be more 
susceptible to chemical contaminants. Studies conducted in Turkey have also revealed similar find-
ings, and the presence of pesticide residues and BPA has been detected in some beverage samples. 
When we evaluate these findings in general, the importance of regularly inspecting both imported 
and locally produced beverages becomes apparent. At this point, it is recommended that studies be 
conducted to minimize the risk of chemical migration. 
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Introduction 
In today's world, humanity has increasingly developed a de-
mand for industrial liquid products and is shaping its needs 
accordingly. Significant changes have occurred in the bever-
age sector, particularly in this era where many fruit juice 
products are readily available industrially. In this context, a 
greater potential for beverages than most people might antic-
ipate has emerged, such as carbonated drinks. In the Euro-
pean Union, the average annual per capita consumption of 
carbonated drinks between 2014 and 2019 was calculated at 
95 liters (Castilla-Fernández et al., 2021). Therefore, it is un-
derstood that there is a widespread trend towards these bev-
erages, especially among EU citizens living in the EU. It has 
been observed that consumption is even more intense among 
individuals categorized as regular consumers, particularly 
children. 

Food, which plays a significant role in the changes in people's 
daily lives, has brought about a number of problems in the 
quality and purity of food, especially with the widespread use 
and development of mass production methods. Industrial 
technology, which seems to be a necessity of modernization 
and has been fully integrated into people's lives, threatens 
both human life and the natural environment and ecological 
balance in terms of industrial waste. Therefore, this lifestyle, 
which is thought to be facilitated by mass production, has also 
given rise to some debates about the modern decline of hu-
manity. This is because the quality of raw materials used has 
reached levels that threaten human health considerably, and 
in this context, it has led to the examination of mass produc-
tion in the beverage sector, which is the focus of this study. 

Chemical Contaminants and Analytical  
Detection Methods 

Alnawaiseh et al. (2025) screened fifty commercial fruit and 
vegetable juice samples from Jordanian markets for organo-
chlorine pesticide (OCP) residues using GC-EI/MS, covering 
ten product varieties. Nine distinct compounds were identi-
fied. Concentrations ranged from trace levels of aldrin in 
lemon juice to notably elevated β-HCH in orange juice, a 
fairly wide spread for a single product category. Most indi-
vidual residues fell within EU MRL thresholds. The cumula-
tive OCP picture for orange and tomato juices, however, was 
less straightforward. Hazard index values exceeded the ac-
ceptable limit for children in both exposure scenarios, while 
adult calculations remained within bounds throughout. This 
is not by chance; on the contrary, it reflects a condition spe-
cific to the young population. Similarly, this was observed in 

the carcinogenic risk assessment. Consumption of both juices 
may increase cancer risk for children, but there is no mean-
ingful risk for adults, as it stayed within the limits. A basic 
description shows that the combination of low body weight 
and high current per unit of body mass leads to high relative 
exposure, even if the product consumed is the same. In line 
with this information, researchers recommend comprehen-
sive inspection and follow-up for pesticide residues in fruit 
juices. Although the suggestions are logical, their feasibility 
and monitoring studies do not align with the dynamics. 

Babeker et al. (2025) examined heavy metals and microbio-
logical quality in fruit juice sold by many producers in Sudan. 
Microbiological analysis indicated risks of E. coli and Salmo-
nella. This suggests that production conditions, at least in 
terms of microbiological safety, are not fully adequate. Heavy 
metal analysis is more complex. Lead concentrations in car-
bonated beverages, including Sprite, Fanta, Pepsi, and Mi-
randa, were found to be above the WHO's limit of 0.01 ppm. 
The researchers also determined iron and lead levels in fruit-
based beverages. Rio Mango's lead content was higher than 
legal limits. These findings demonstrate the inadequacy of 
microbiological or chemical quality control. They show that 
source points and control strategies for microbiological and 
heavy metal contamination are fundamentally different, and 
that these differences must be taken into account during pro-
duction controls. 

Farid (2010) examined trace-element content in 129 samples 
of apple, orange, and mango juice from fifteen commercial 
brands in Jeddah. Graphite-furnace atomic absorption spec-
trometry following wet acid digestion was used to quantify 
seven elements: Zn, Fe, Cu, Mn, Co, Cr, and Ni. Across all 
three juice types, zinc consistently had the highest concentra-
tions, while nickel remained the lowest. Orange juice was no-
tably richer in zinc and copper than the other varieties, 
whereas mango juice stood out for its iron content. When 
those concentrations were converted to estimated daily intake 
figures using local consumption patterns, the results remained 
well below internationally established dietary reference val-
ues and upper intake limits. Cross-regional comparisons 
showed no substantial differences, placing Saudi commercial 
juices squarely within the concentration ranges documented 
elsewhere for the same product category. These juices can 
serve a nutritional function, and the data technically support 
that claim. But the magnitude matters. At the measured con-
centrations, the contribution to micronutrient intake is modest 
at best. None of the seven elements approaches a level where 
fruit juice would register as a primary dietary source. Results 
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from other regional studies showed broadly similar values, 
suggesting that the trace-element profiles of Saudi commer-
cial juices fall within the range typically observed across 
comparable markets. 

Therefore, beverages, especially given their significant share 
in global food consumption, have serious effects on the young 
population, which holds an important place in the natural 
population. In this regard, carbonated drinks, fruit-flavored 
sodas, energy drinks, and various flavored beverages are the 
most frequently consumed liquid foods, representing a signif-
icant consumption element for young individuals. In this con-
text, beverages, which are among the categories containing 
the most additives in industrial consumption, are quite wide-
spread in terms of taste and accessibility. Therefore, many 
factors affect public health, including the raw materials used 
in the production of these products, water resources, addi-
tives, and packaging materials. These factors undoubtedly af-
fect human health as well as the ecological balance due to the 
packaging or plastic materials used. Many studies have been 
conducted on this subject in recent years. The general conclu-
sions of these studies have been that heavy metals, pesticide 
residues, and chemical contaminants such as bisphenol A 
(BPA) are present (Salahel et al., 2025). 

Therefore, considering the numerous studies, which are arti-
cles on residue studies conducted on soft beverages sold in 
the Middle East, conducted on this subject, the production 
and consumption of beverages in the Middle East region, 
which is the focus of this study, constitutes the central focus 
of this research. In particular, the presence of these beverages 
and the increase in their consumption have reached signifi-
cant proportions (Aljaadi et al., 2023). 

Therefore, the substances used in industrial production sys-
tems have been steadily increasing, and this has begun to af-
fect human health seriously. In particular, heavy metals, raw 
materials, and water sources used in the beverage industry are 
considered risky in terms of serious health problems in many 
areas. Examples of these include metals such as lead (Pb), 
cadmium (Cd), arsenic (As), and mercury (Hg), which can 
cause toxic effects even at low concentrations and signifi-
cantly negatively impact health. In addition, pesticide resi-
dues are another component used in the production of bever-
ages, especially citrus extracts, flavorings, and fruit-based in-
gredients. 

Field studies conducted in Europe and the Middle East show 
that a significant portion of citrus-flavored beverages contain 
multiple pesticide residues (Castilla-Fernández et al., 2021). 

On the other hand, there are findings indicating that BPA mi-
grates from packaging coatings, mainly composed of poly-
carbonate plastics and epoxy resins, into beverages. At this 
point, the inner surfaces of cans, PET bottles, and caps used 
in the packaging process of beverages are particularly im-
portant elements that pose significant health risks. On the 
other hand, due to BPA's endocrine-disrupting properties and 
its effects on the immune system, the European Food Safety 
Authority (EFSA) significantly reduced the tolerable daily in-
take limit in 2023 (EFSA, 2023). 

However, numerous studies have revealed that a significant 
portion of citrus-flavored beverages contain residues of mul-
tiple pesticide types, even when individual residues are below 
the MRL (Maximum Residue Limit) (Castilla-Fernández et 
al., 2021). More than one pesticide includes any product, so 
it means pesticide combination evaluation and predicting the 
results is very hard. Hence, different toxic materials create a 
cumulative effect. For example, organophosphate pesticides 
such as chlorpyrifos, mentioned in the study, are generally 
known to affect the nervous system by inhibiting the acetyl-
cholinesterase enzyme. Furthermore, studies in Middle East-
ern countries indicate that efforts to monitor or investigate 
this issue are insufficient (Osaili et al., 2022). 

Occurrence of Contaminants in Middle Eastern 
Soft Drinks 
Studies have shown that indicators such as estimated daily 
intake (EDI) and hazard coefficient for heavy metals are 
widely used, especially in industrial production of beverages, 
and that these calculations are generally based on metal con-
centrations in beverages, average consumption amounts, and 
average body weights of individuals (Khan et al., 2023). 

Furthermore, in analyses conducted for pesticides, cumula-
tive risk assessment has gained considerable importance, and 
it has been determined that the simultaneous presence of mul-
tiple pesticides at low doses in these analyses leads to syner-
gistic toxic effects. Looking at another study, analyses con-
ducted specifically for BPA are carried out considering con-
sumption levels, packaging type, and storage conditions 
(Massahi et al., 2025). 

In this context, when the relevant literature is examined, it has 
been found that the detection of contaminants such as heavy 
metals, pesticides, and BPA in beverages, especially in indus-
trial production, poses risks to food safety and public health, 
and that residues show toxic effects even at low concentra-
tions. This is because, although studies conducted in the Mid-
dle East, based on spectroscopic, chromatographic, and mass 
spectrometry methods—which are widely used analytical 
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techniques worldwide—probably tend to align with these 
global standards, it is evident that there are still some limita-
tions due to factors such as laboratory infrastructure, costs, 
and a shortage of qualified personnel (Khan et al., 2023). 

On the other hand, another method used in the detection of 
heavy metals is Inductively Coupled Plasma Mass Spectrom-
etry (ICP-MS). This method, in particular, allows for the de-
tection of toxic elements such as Pb, Cd, As, and Hg in bev-
erages, even at very low concentrations. Furthermore, tech-
niques like ICP-MS have many advantages in this regard. 
These include the ability to analyze multiple elements simul-
taneously and obtain reliable results at low detection limits 
(Salahel et al., 2025). However, the use of this technique can 
be quite expensive. Naturally, this means that ICP-MS is 
rarely used in every laboratory. Nevertheless, some low-cost 
alternatives exist. In particular, Flame Atomic Absorption 

Spectrometry (FAAS) is widely used as an alternative tech-
nique for the detection of elements such as iron (Fe), zinc 
(Zn), and copper (Cu) (Osaili et al., 2022). 

In addition, due to its cost and usability, Graphite Furnace 
Atomic Absorption Spectrometry (GFAAS) has been fre-
quently used in recent years for heavy metal analysis in bev-
erages. Specifically, compared to FAAS, GFAAS makes it 
easier to determine trace amounts of elements like Pb or Cd 
with much lower detection limits. Studies in this area show a 
preference for Inductively Coupled Plasma-Optical Emission 
Spectrometry (ICP-OES). Furthermore, ICP-OES has lower 
sensitivity than ICP-MS and therefore offers a wide dynamic 
range. Thus, it stands out as a system that allows for multi-
element analysis. Considering the cost and equipment acces-
sibility, it is understandable that laboratories in the Middle 
East generally prefer ICP-OES or FAAS methods (Savvaidis 
& Osaili, 2021). 

 

 

 
Figure 1. Conceptual illustration of dietary risk assessment based on pesticide residue levels, consumption scenarios, and ac-

ceptable daily intake (ADI) (EFSA, 2012) 
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Figure 2.  Schematic representation of the QuEChERS-based sample preparation procedures used for pesticide residue analy-

sis in beverages (Açar, 2015; Polat et al., 2026) 

 

Furthermore, the detection of pesticide residues, which is a 
rather complex process, is particularly emphasized by Gas 
Chromatography – Tandem Mass Spectrometry (GC-
MS/MS), which is one of the most commonly used methods 
for the analysis of volatile pesticides such as organophos-
phates, organochlorines, and pyrethroids, especially due to 
the diverse chemical structures of pesticides and their pres-
ence in complex matrices like beverages at low concentra-
tions (Castilla-Fernández et al., 2021). 

However, for non-volatile or heat-sensitive pesticides, Liquid 
Chromatography – Tandem Mass Spectrometry (LC-
MS/MS) is reported to be used in the literature. In this regard, 
LC-MS/MS is considered the gold standard in the literature, 
particularly for its ability to detect residues at very low con-
centrations, analyze a large number of pesticides, and provide 
high accuracy (Osaili et al., 2022). 

At this point, when examining studies conducted in Middle 
Eastern countries, it is observed that the LC-MS/MS method 

is predominantly used in pesticide residue analyses. This is 
generally explained by the necessity of simultaneously ana-
lyzing numerous pesticide types in beverages containing cit-
rus-derived flavors and natural extracts (Açar, 2015; Polat et 
al,2026). 

In Iran, a Middle Eastern country, the LC-MS/MS method is 
used particularly in citrus-flavored beverages, and more than 
20 pesticide types have been screened, with some samples 
exceeding maximum residue limits (MRLs) (Massahi et al., 
2025). 

On the other hand, High-Performance Liquid Chromatog-
raphy (HPLC) and LC-MS/MS are the most commonly used 
methods for BPA analysis, and BPA is described as a chemi-
cal that can migrate from polycarbonate plastics and epoxy 
resins into beverages. In this regard, LC-MS/MS is consid-
ered superior in terms of accuracy and selectivity because 
HPLC is a relatively low-cost and widely used method. Ex-
traction methods used for BPA detection in beverages are 
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also of great importance. Generally, samples are purified us-
ing liquid-liquid extraction or solid-phase extraction (SPE) 
methods before chromatographic analysis (Shagban et al., 
2022). 

Nowadays, especially recently, immunoassay-based kits with 
high sensitivity for BPA detection have also been developed. 
However, when considering many kits, screening and con-
firmatory analyses are generally successfully performed us-
ing LC-MS/MS or HPLC. At this point, according to EFSA 
(2023), it is suggested that using validated chromatographic 
methods provides more reliable results for the reliable deter-
mination of BPA migration from food contact materials. This 
is also reflected in the fact that in the Middle East, BPA levels 
are generally determined by LC-MS/MS, and in some prod-
ucts, the provisional tolerance limits set by the European Un-
ion have been exceeded (Massahi et al., 2025). 

In this context, the SFDA mandates routine ICP-MS and LC-
MS/MS analyses for imported beverages (SFDA, 2021). 
Therefore, the choice of analytical method is particularly im-
portant depending on cost, equipment availability, and the 
type of residue to be analyzed. However, ICP-MS stands out 
as the most reliable method for heavy metals, LC-MS/MS for 
pesticides, and HPLC/LC-MS/MS for BPA. Differences in 
equipment access and limitations in method validation can re-
strict the consistency of regional studies. Therefore, the es-
tablishment of collaborative laboratory networks and the 
standardization of methods are of great importance in the fu-
ture, both for food safety and scientific comparability (Osaili 
et al., 2022). 

On the other hand, due to the high population in the Middle 
East, the high consumption of beverages, especially among 
the young population, poses a significant risk to food safety. 
In this context, beverages are consumed in numerous local 
areas and also exported to other countries. As many studies 
have shown, a significant portion of these beverages contains 
heavy metals, pesticides, and BPA residues (Savvaidis & 
Osaili, 2021). 

Furthermore, studies conducted on soft beverages produced 
in the Middle East on heavy metals have revealed findings 
related to lead (Pb) and cadmium (Cd) use in numerous anal-
yses. In one study conducted in Egypt, 30 samples of car-
bonated beverages from different brands were examined, and 
Pb levels in some samples were found to be close to the max-
imum limits recommended by the World Health Organization 
(WHO) (WHO, 2022; FDA, 2022; and Salahel et al., 2025). 

Similarly, studies in Saudi Arabia have reported the presence 
of Pb and As residues in some beverage samples (Khan et al., 

2023). A study in Iran also found that Cd levels in carbonated 
beverages sold in rural areas were higher than those in indus-
trial areas (Massahi et al., 2025). 

When the compiled studies that were conducted on soft bev-
erages produced in the Middle East are examined, the average 
values of heavy metal content, particularly in non-alco-
holic/non-carbonated beverages such as iced coffee, iced tea, 
and energy drinks, show that Hg is the lowest-level metal; 
conversely, manganese (Mn), Fe, and Zn are at the highest 
levels. Furthermore, Fe, Zn, Cu, and Ni levels were found to 
be significantly higher in iced coffee samples compared to 
other beverages (p<0.05). Similarly, data from studies in the 
Middle East indicate that pesticide residues in beverages can 
be a significant problem, with natural extracts used in citrus-
flavored drinks being a major source of these residues. For 
example, a study in Iran analyzed over 20 types of pesticides 
in orange-flavored carbonated drinks using LC-MS/MS, and 
found that 15% of the samples exceeded the maximum resi-
due limits set by the European Union (Gilbert-López et al., 
2010; Osaili et al., 2022). Similarly, research in Jordan found 
organophosphate pesticides such as dimethoate and mala-
thion in lemon-flavored drinks (Osaili et al., 2022). 

Another study conducted in Saudi Arabia found pesticide res-
idues in some imported carbonated drinks, while domesti-
cally produced products showed lower levels of these resi-
dues (Aljaadi et al., 2023). BPA contamination is another is-
sue attracting attention in the region. BPA can migrate from 
the epoxy coatings of plastic bottles and cans into beverages. 
In this regard, a study in Iran examining different brands of 
carbonated beverages reported that BPA levels in some prod-
ucts exceeded the tolerance limits set by EFSA (Massahi et 
al., 2025). 

Similarly, research in Saudi Arabia has shown that BPA lev-
els in imported beverages are higher compared to domestic 
products (Shagban et al., 2022). 

Health Risk Assessment 
When we evaluate the study findings, we see that regional 
studies, particularly those conducted in the Middle East, have 
examined various imported beverage brands, especially in the 
United Arab Emirates, and found that the vast majority of 
products are within international limits for heavy metals and 
pesticides. The studies also concluded that BPA levels are 
generally above the limits considered safe (Savvaidis & 
Osaili, 2021). Most studies in the Middle East have generally 
reported negative findings regarding heavy metal, pesticide, 
and BPA residues in beverages, and potential impacts on con-
sumer health have been identified (Khan et al., 2023). On the 
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other hand, it is assessed that pesticide residues are generally 
concentrated in citrus-flavored beverages in Middle Eastern 
countries, and considering the high consumption rates of 
these products, chronic exposure could constitute a serious 
public health problem (Massahi et al., 2025). 

In the region, children and young people constitute the most 
important risk group in terms of risk levels. In this regard, 
lead (Pb) is one of the most important risk factors among 
heavy metals due to its neurotoxic properties. Therefore, it 
has been concluded that these substances pose a serious risk 
in terms of safety and, in this context, can lead to health prob-
lems in children and young people in the future, and can cause 
learning disabilities, behavioral disorders, and developmental 
problems in children (Salahel et al., 2025). In contrast, cad-
mium (Cd) has been found to negatively affect kidney func-
tion and weaken bone health in children and adolescents. In 
particular, elements such as arsenic (As) can increase the risk 
of cancer (Savvaidis & Osaili, 2021). In addition, other stud-
ies have shown that pesticide residues have an effect on both 
acute and chronic diseases. In this regard, it has been shown 
that organophosphate and carbamate group pesticides inhibit 
the acetylcholinesterase enzyme, thus creating toxic effects 
on the nervous system (Osaili et al., 2022). In addition, the 
variety of residues detected in imported products highlights 
the necessity of effective food control mechanisms for the 
protection of consumer health (Aljaadi et al., 2023). In addi-
tion, BPA disrupts hormonal balance by exhibiting estrogen-
like effects, potentially leading to negative impacts on the re-
productive system. The health effects of BPA are primarily 
assessed through its endocrine-disrupting properties, and it is 
particularly associated with obesity, diabetes, and cardiovas-
cular diseases (Shagban et al., 2022). 

Therefore, according to methods commonly used in risk as-
sessment, such as EDI and Target Hazard Coefficient (THQ), 
the EDI values calculated for Pb and Cd in carbonated bever-
ages in Egypt were found to exceed the tolerable daily intake 
levels for children in some samples (Salahel et al., 2025). In 
Iran, BPA exposure was also found to exceed tolerable levels 
in young individuals with high beverage consumption (Mas-
sahi et al., 2025). Based on these results, we can say that bev-
erage consumption in Middle Eastern countries is above the 
global average. It has been concluded that the annual per cap-
ita consumption level, particularly in countries such as Saudi 
Arabia, Qatar, and the United Arab Emirates, has reached 
similar levels to Europe and the United States (Savvaidis & 
Osaili, 2021). This, of course, increases health risks and also 
leads to the spread of chronic diseases such as obesity and 
diabetes (Aljaadi et al., 2023). In addition, vulnerable groups 
in the risk category are mostly children and young people. 

Children and adolescents are at higher risk because they con-
sume more than their body weight allows. In this sense, fetal 
development can be negatively affected in pregnant women 
exposed to endocrine disruptors such as BPA. Elderly indi-
viduals become more sensitive to heavy metals due to weak-
ened kidney and liver functions. Therefore, risk analyses 
should be conducted to include not only the average con-
sumer but also these vulnerable groups (Khan et al., 2023). 
Measures to protect consumer health include regular food in-
spections, strict control of imported products, monitoring of 
pesticide use in the production process, and preference for 
BPA-free packaging. Countries such as Saudi Arabia and the 
United Arab Emirates have implemented practices that man-
date residue analysis for imported beverages (Shagban et al., 
2022). 

The production of fruit juices and carbonated beverages in-
volves multiple stages, each of which may contribute to 
chemical contamination. Raw materials may contain pesti-
cide and fungicide residues originating from agricultural 
practices and post-harvest treatments. Furthermore, concen-
tration processes may increase contaminant levels already 
present in the raw materials. In addition, water used during 
processing, washing, dilution, or reconstitution may serve as 
an additional source of contamination. Depending on its 
source and treatment, the water used for washing, dilution, or 
reconstitution can introduce a separate contamination load 
entirely, independent of the raw material. And then the pack-
aging: metal cans, plastic bottles, epoxy coatings on the inner 
surface of containers. All of these can migrate into the liquid 
over time, particularly under conditions of elevated tempera-
ture or extended storage. Such contamination may occur even 
under standard manufacturing conditions and does not neces-
sarily indicate deficiencies in production practices. 

Aydın and Aydın (2025) examined 99 fruit juice samples 
from the Turkish market, which included peach, apricot, 
pomegranate, orange, grape, and mixed types, screening them 
against a target list of 325 pesticide compounds. That list is 
considerably longer than most comparable studies attempt. 
The method combined QuEChERS extraction with both LC-
MS/MS and GC-MS/MS runs in tandem. The QuEChERS 
method is preferred for complex liquid matrices like bever-
ages because it effectively removes analytical interferences 
through acetonitrile extraction and cleanup, enabling high-
sensitivity analysis of a wide range of pesticides on both GC 
and LC systems. It is a versatile and rugged technique that 
provides reliable, internationally validated results for identi-
fying multi-residue pesticides in challenging liquid samples.  
Running a single technique would leave gaps: LC-MS/MS 
captures non-volatile compounds that GC-MS/MS misses, 
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and vice versa. Using both is more labor-intensive and not 
standard in routine surveillance, but it is the only way to get 
a complete residue profile. The results demonstrated that the 
combined use of LC-MS/MS and GC-MS/MS improved the 
comprehensiveness of residue detection. 

The assumption that fresh products are inherently less con-
taminated than processed products remains controversial and 
may not be universally applicable. Adelwahab (2025) ana-
lyzed this situation and directly tested this common assump-
tion by comparing fresh and canned fruit juices obtained from 
the same fruits in Egypt. In this analysis, conducted on a total 
of 90 samples, heavy metal content was examined in particu-
lar. Furthermore, the highest lead value in fresh fruit juice 
samples was found in sugarcane juice, at 0.09 mg/L. The re-
searchers attributed this to the quality of the washing water 
used and the fact that the products are mostly prepared in 
open environments. Different contamination patterns were 
observed in canned products. For example, chromium in 
canned guava juice reached 0.14 mg/L, while manganese in 
canned grape juice was measured at 0.38 mg/L. In short, the 
types of metals found in fresh and canned products differ. 
This suggests that the source of contamination changes: water 
and environmental conditions are more influential in fresh 
products, while packaging and the production process be-
come more decisive in canned products. This distinction has 
significant practical implications. Treating fresh and canned 
fruit juices under the same inspection system can mean either 
mishandling or completely overlooking a part of the problem. 
For example, controls focusing on water quality have been 
found to fail to prevent metals from leaching from cans into 
the liquid. Similarly, regulations concerning packaging have 
been found to be ineffective in addressing contamination in 
sugarcane juice prepared in open environments. In short, it 
has become clear that there is not just one problem, but rather 
various problems stemming from different sources. There-
fore, separate and targeted solutions need to be developed for 
each (Adelwahab, 2025). 

However, another study by Gilani et al. (2025) in Tehran 
showed how different types of non-alcoholic beverages 
yielded significantly different results. In this study, a total of 
75 samples from five different beverage groups were exam-
ined, and metals such as arsenic, lead, copper, and zinc were 
measured. In this sense, the results of the study revealed that 
the contamination varied more according to the type of bev-
erage than the type of metal. In particular, arsenic (26 µg/L) 
and copper (303 µg/L) were found at the highest levels in iced 
drinks. In comparison, lead (22 µg/L) and zinc (432 µg/L) 
were prominent in fruit-flavored carbonated drinks, and it 
was understood that sports drinks had the lowest values for 

almost all metals. Numerically, it was determined that none 
of the lead and arsenic values exceeded the legal limits in 
Iran. The calculated risk value (THQ) for carbonated bever-
ages also remained below 1. Therefore, it is possible to say 
that it is difficult to talk about a short-term, direct risk (Gilani 
et al., 2025). 

On the other hand, another study by Mehri et al. (2024) in 
Hamadan stands out as one of the examples that approaches 
the question of "traditional versus industrial?" in fruit juices 
with concrete data. In this sense, when we look at the results 
of the study, 60 different fruit juice samples were examined, 
and the results were compared between traditionally prepared 
and industrially produced products. The analyses examined 
the levels of arsenic, cadmium, lead, copper, and zinc. At this 
point, when we look at the results, the ranking from highest 
to lowest was zinc > copper > arsenic > lead > cadmium. On 
the other hand, industrial fruit juices showed significantly 
higher values in almost all fruit types and all metals compared 
to traditional products. The researchers generally explain this 
difference with factors such as the production process, inter-
action with packaging, and the source of the raw materials 
used. For example, the highest zinc value was measured as 
456.71 µg/L in industrial mango juice, and the lowest cad-
mium value was 0.12 µg/L. Overall, all measurements, the 
levels of arsenic in the water remain below the limits set by 
USEPA, WHO, and Iran for drinking water. Furthermore, the 
non-carcinogenic risk (HI) values calculated for both adults 
and children are below 1, indicating that it is difficult to speak 
of a short-term and direct risk. On the other hand, calculations 
for arsenic in industrial fruit juices show that, especially in 
the 95% consumption segment representing a high consump-
tion scenario, the cancer risk value exceeds the 1×10⁻⁶ thresh-
old. These findings indicate that although average exposure 
levels remain within acceptable limits, potential long-term 
risks may exist under high-consumption scenarios. There-
fore, researchers emphasize the need for more targeted 
measures to reduce arsenic levels, particularly in the indus-
trial production chain. 

In addition, Taghizadeh et al. (2022) adopted a holistic ap-
proach, measuring both heavy metals and pesticide residues 
in the same samples to assess simultaneous exposure. The 
study analyzed a total of 96 tetra-package fruit juice samples 
covering eight different fruit types and four brands. In these 
results, six metals were measured using the ICP-OES method, 
and twenty pesticides were measured using GC-MS. Proba-
bilistic modeling based on Monte Carlo simulation was used 
for risk assessment. On the other hand, the average concen-
trations of pesticides were found to be below the EU maxi-
mum residue limits (MRLs) for all compounds. Overall, the 
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combined Hazard Index (HI) calculated for carbamates, py-
rethroids, and organophosphates remained below 1.0 in both 
the 50% and 95% segments. Similarly, the non-carcinogenic 
risk for heavy metals was determined to be within acceptable 
limits. In terms of carcinogenic risk, the lifetime increasing 
risk of cancer (ILCR) values calculated for arsenic and nickel 
in the 95% percentile were found to be 5.30×10⁻⁵ and 
3.71×10⁻⁵, respectively. While these values fall within the 
generally accepted range of 10⁻⁴ to 10⁻⁶, they are not entirely 
negligible. Sensitivity analysis showed that the strongest de-
terminants of the calculated risk were pollutant concentration 
and fruit juice consumption amount; conversely, the contri-
bution of body weight remained relatively low. The research-
ers concluded that current exposure levels do not pose a sig-
nificant health risk for consumers in Iran. However, they em-
phasized the need for continued monitoring studies and the 
development of agricultural and industrial policies that take 
into account the cumulative nature of multiple pollutant ex-
posures (Taghizadeh et al., 2022). 

Another study, conducted by Fathi et al. (2023) in Zanjan, 
yielded striking results, particularly regarding lead and cad-
mium. The study examined over 100 samples, including or-
ange, grape, apple, and mixed fruit juices. The results showed 
that lead was present in almost everything. It was detected in 
80.4% of the samples, with an average value of 35.9 µg/L, 
exceeding the FAO/WHO limit of 30 µg/L. Furthermore, 
more than half of the samples (58.9%) directly exceeded this 
limit, with apple juice showing the highest detection rate 
(94.3%) and the highest value (99 µg/L). Cadmium, on the 
other hand, was found at lower rates (40.6%), averaging 1.7 
µg/L. While seemingly less problematic at first glance, the 
risks involved appear to be somewhat different. Modeling 
shows that the short-term (acute) risk for both lead and cad-
mium is low, meaning THQ values remain below 1. How-
ever, the long-term risk, especially for cadmium, is notewor-
thy, and in calculations for children, some values have 
reached levels as high as 1 x 10⁻⁵. Researchers clearly identify 
the source of this pollution as the water used in production, 
added sugar (sucrose), and imported fruit concentrates. As a 
solution, they. When this and previous studies are considered 
together, some commonalities emerge that are not noticeable 
when viewed individually. Firstly, the source of pesticide res-
idues in these products may not always be the fruit itself. 
While a global study found residues in almost all such bever-
ages, most of these products actually contain very little real 
fruit. This suggests another possibility: the water used. There-
fore, the problem may not be in the field, but elsewhere in the 
production line. However, most current assessments still fo-
cus solely on agricultural inputs.  

Another important point is that children are not fully pro-
tected by the limits set for adults. Studies, particularly in Iran, 
show that children are affected more per kilogram of body 
weight when exposed to the same amount of pollutants. The 
reason for this is simple: children consume more pollutants 
relative to their body weight. The fact that long-term risk val-
ues calculated for cadmium, in particular, approach accepta-
ble limits for children clearly demonstrates this. Although 
current exposure levels do not indicate an immediate public 
health concern, continued monitoring remains necessary, par-
ticularly for sensitive populations. Therefore, either the limits 
placed on products need to be revised to take children into 
account, or clearer and more restrictive recommendations re-
garding children's consumption need to be introduced (Fathi 
et al., 2023). 

Fourthly, there is the issue of mixed fruit drinks. These prod-
ucts do not come from a single source; they are made from 
multiple ingredients. Therefore, each ingredient brings its 
own "burden," and ultimately, they all accumulate in the same 
product. This is especially true for mixes containing root veg-
etables. This is why these drinks show higher total metal ac-
cumulation compared to single-fruit products (Godebo et al., 
2023). 

Another important consideration relates to the stage at which 
monitoring and inspection activities are conducted. Analyses 
conducted at the retail stage primarily reflect the contamina-
tion status of the final product; that is, what remains after the 
entire process. However, they do not always reveal what 
changed during production or contaminants that remained at 
low levels and were overlooked. Therefore, the measures that 
will make a real difference should be taken earlier in the pro-
cess. The quality of the water used, the source of the raw ma-
terials, and especially systems that enable the detection of 
prohibited substances at the production stage play a key role 
here. 

Conclusion 
Our study, based on a review of various studies on heavy met-
als in beverages sold in the Middle East, revealed the pres-
ence of heavy metals, pesticide residues, and BPA, particu-
larly in beverages. The presence of these residues has become 
a significant concern for both public health and food safety. 
An examination of the selected studies revealed that contam-
inants were present in varying concentrations in the con-
sumed products. 
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Figure 3. Presence of specified chemical contaminants in non-alcoholic beverages in Middle Eastern countries 

 

While heavy metal levels generally remained within interna-
tionally accepted limits, some products were found to exceed 
permitted limits for pesticides and BPA. Additionally, the Eu-
ropean Food Safety Authority defines "the tolerable daily in-
take" as the estimated amount of a substance in food, drinking 
water, air, or beverages that may be ingested over a lifetime 
without posing a significant risk to health (Yüksel et al., 
2025). 

The effects of heavy metals on health are long-term, and met-
als such as Pb, Cd, and As can negatively impact the nervous 
system, kidneys, and bone health. Beverage consumption 
rates are quite high in Middle Eastern countries. Annual per 
capita consumption in Gulf countries is above the global av-
erage. To ensure food safety and reduce health risks, regular 
monitoring of heavy metals, pesticides, and BPA levels is 
necessary in both production facilities and imported products. 
In this context, the widespread adoption of advanced analyti-
cal methods such as ICP-MS, LC-MS/MS, and HPLC is of 
great importance. Considering consumption habits in the 
Middle East, even low individual residue levels can pose a 
risk due to high total exposure. Children, adolescents, and 
other vulnerable groups are particularly susceptible to heavy 
metals and should be given special consideration in risk as-
sessments. On the other hand, pesticide residues are mostly 
detected in fruit-flavored and citrus-based beverages, indicat-
ing risks stemming from the agricultural production pro-
cesses of raw materials. Studies in Iran and Jordan show that 

some pesticides exceed maximum residue limits. Further-
more, the potential synergistic effects of pesticides and the 
possibility of chronic exposure further increase the risks to 
public health. Therefore, regular monitoring of pesticide res-
idues and strict control of production processes are necessary. 
Risks associated with BPA are also becoming increasingly 
important. Plastic packaging and epoxy-coated cans can fa-
cilitate the migration of BPA into beverages. In addition, 
analyses using LC-MS/MS and HPLC methods have revealed 
that some products exceed the tolerable daily intake limits set 
by EFSA. Due to its endocrine-disrupting effects, BPA poses 
a serious risk, especially for children, pregnant women, and 
young adults. Therefore, the use of BPA-free packaging and 
strict control of imported products should be a priority for the 
protection of public health. The promotion of BPA-free pack-
aging materials and the harmonization of regulatory stand-
ards should be considered priorities for improving food safety 
and consumer protection. In this context, GSO 1863/2013 
(Plastic materials for non-contact with food) standard pub-
lished by the Gulf Cooperation Council identifies the compo-
nents of plastic and how to eliminate BPA, and the reasons 
for forming BPA. In addition, guidelines such as the “General 
Standard for Contaminants and Toxins in Food and Feed 
(CXS 193-1995)” and the “Code of Practice for Materials in 
Contact with Food” within the Codex Alimentarius provide 
international reference points for controlling chemical con-
taminants in materials that come into contact with food. As a 
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result, non-BPA packaging conforms to legal regulations, and 
chemical safety principles must be stipulated by regulations. 
At the same time, these harmonizations protect consumer 
health, such as by increasing international technical stand-
ards. Studies in the Middle East show that there are differ-
ences between countries in terms of laboratory infrastructure 
and analytical methods. While technologically advanced 
countries conduct more comprehensive analyses using ad-
vanced methods such as ICP-MS and LC-MS/MS, some 
countries prefer more basic methods such as FAAS and 
HPLC. Risk assessments depend not only on residue levels 
but also on the amount consumed and the duration of expo-
sure. Parameters such as EDI and THQ provide a clearer un-
derstanding of the risks, especially for individuals with high 
consumption levels and sensitive groups. Children and ado-
lescents, because they consume more than their body weight 
allows, can exceed tolerable limits even with low residue lev-
els. Similarly, pregnant women and elderly individuals are 
also more sensitive to heavy metals and BPA. Therefore, 
these groups need to be given special consideration in risk 
assessments. In addition, the safety of packaging materials is 
a critical control point. The preference for BPA-free packag-
ing and the development of national standards for the safety 
of plastic and metal coatings will significantly reduce the risk 
of harmful chemicals migrating into beverages. In consumer 
protection strategies, special attention should be paid to vul-
nerable groups such as children, adolescents, pregnant 
women, and the elderly. Targeted risk assessments and 
awareness campaigns should be conducted for these groups. 
At the regional level, harmonizing national and international 
food safety standards is of great importance. Strengthening 
inter-country inspection mechanisms within the framework 
of Codex Alimentarius and GSO will enable more effective 
control of both domestic and imported products. 

 

Compliance with Ethical Standards 

Conflict of interest: The author(s) declare that they have no actual 
potential, or perceived conflicts of interest related to this article. 

Ethics committee approval: The authors declare that this study 
does not involve experiments with human or animal subjects, and 
therefore, ethics committee approval is not required. 

Data availability: No new data were created or analyzed in this 
study. 

Funding: - 

Acknowledgments: - 

Disclosure: - 

References 
T.C. Gıda, Tarım ve Hayvancılık Bakanlığı(Açar, 
Çetinkaya). (2015). Pestisit analizleri eğitim notu. Ulusal 
Gıda Referans Laboratuvarı.  
https://gidalab.tarimorman.gov.tr/gidareferans/Belge-
ler/B%C3%B6l%C3%BCmler/Pestisit-Egitim-
Notu2015.pdf  (available date: 30 May 2026) 
 
Adelwahab, G.I. (2025). Evaluation of heavy metal content 
in different Egyptian juices, canned and fresh. Scientific Jour-
nal for Specific Education Studies and Research. 2(11), 
4581–4613. 
https://doi.org/10.21608/jsezu.2025.428205 
 
Aljaadi, A.M., Turki, A., Gazzaz, A.Z., Al-Qahtani, F.S., 
Althumiri, N.A., BinDhim, N.F. (2023). Soft and energy 
drinks consumption and associated factors in Saudi adults: a 
national cross-sectional study. Frontiers in Nutrition Nutri-
tional Epidemiology, 10, 1286633.  
https://doi.org/10.3389/fnut.2023.1286633 
 
Alnawaiseh, A., Alsoud, H., Alzoubi, J.H., Alawaidah, S., 
Masad, M. (2025). Health risk assessment of dietary intake 
of organochlorine pesticide (OCP) residues in selected natu-
ral juices in the Jordanian market. Jordan Journal of Chem-
istry, 20(3), 269–277.  
https://doi.org/10.47014/20.3.6 
  
Aydin, S., Aydin, M.E. (2025). Occurrence of pesticide res-
idues in fruit juices from markets across Turkey and health 
risk assessment. Environmental Science and Pollution Re-
search, 32, 11767–11778.  
https://doi.org/10.1007/s11356-025-36418-z  
 
Babeker, A.M., Hussein, M.B., Briema, H.E., Adam, A.O. 
(2025). Assessment of heavy metal concentration and micro-
bial profile in Sudanese carbonated soft drinks and beverages. 
SSRG International Journal of Applied Chemistry, 12(2), 18–
22.  
https://doi.org/10.14445/23939133/IJAC-V12I2P104 
  
Castilla-Fernández, D., Moreno-González, D., Gilbert-
López, B., García-Reyes, J.F., Molina-Díaz, A. (2021). 
Worldwide survey of pesticide residues in citrus-flavored soft 
drinks. Food Chemistry, 365, 130486.  
https://doi.org/10.1016/j.foodchem.2021.130486 
 
Codex Alimentarius Commission (2019). General Standard 
for Contaminants and Toxins in Food and Feed (CXS 193-
1995). Rome: FAO/WHO.  

https://gidalab.tarimorman.gov.tr/gidareferans/Belgeler/B%C3%B6l%C3%BCmler/Pestisit-Egitim-Notu2015.pdf
https://gidalab.tarimorman.gov.tr/gidareferans/Belgeler/B%C3%B6l%C3%BCmler/Pestisit-Egitim-Notu2015.pdf
https://gidalab.tarimorman.gov.tr/gidareferans/Belgeler/B%C3%B6l%C3%BCmler/Pestisit-Egitim-Notu2015.pdf
https://doi.org/10.21608/jsezu.2025.428205
https://doi.org/10.3389/fnut.2023.1286633
https://doi.org/10.47014/20.3.6
https://doi.org/10.1007/s11356-025-36418-z
https://doi.org/10.14445/23939133/IJAC-V12I2P104
https://doi.org/10.1016/j.foodchem.2021.130486


 

 

  Food and Health 12(3), 305-317 (2026) • https://doi.org/10.3153/FH26024             Review Article 

316 

https://www.fao.org/fao-who-codexalimentarius/sh-
proxy/en/?lnk=1&url=https%253A%252F%252Fworks-
pace.fao.org%252Fsites%252Fcodex%252Fstan-
dards%252FCXS%2B193-1995%252FCXS_193e.pdf  
(available date: 30 May 2026) 
 
EFSA (European Food Safety Authority) (2023). Re-eval-
uation of the risks to public health related to the presence of 
bisphenol A (BPA) in foodstuffs. EFSA Journal, 21(4), 6857. 
 
Farid, S.M., Enani, M.A. (2010). Levels of trace elements in 
commercial fruit juices in Jeddah, Saudi Arabia. Medical 
Journal of Islamic World Academy of Sciences, 18(1), 31–38. 
 
Fathi, L., Alizadeh, A.M., Esmi, F., Dezhangah, S., 
Mehrasbi, M.R., Nazari, F., Taran, J., Nezami, A, Kamali, 
K., Hosseini, M. (2024). Determination of lead and cadmium 
in fruit juice: occurrence and risk characterisation in Iranian 
population. Internatıonal Journal of Envıronmental Analyt-
ıcal Chemıstry, 104(18), 7088–7102.  
https://doi.org/10.1080/03067319.2022.2162389 
  
FDA (U.S. Food and Drug Administration) (2022). Guid-
ance for industry: Action levels for lead in juice. Washing-
ton, DC.  
https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/draft-guidance-industry-action-levels-
lead-juice (available date: 30 May 2026) 
 
Gilani, P.S., Sadighara, P., Saatloo, N.V., Yazdanfar, N., 
Yousefi, M. (2025). Determination and health risk assess-
ment of heavy metals content in some common drinks in Teh-
ran, Iran. Journal of Agriculture and Food Research, 21, 
102014.  
https://doi.org/10.1016/j.jafr.2025.102014 
  
Gilbert-López, B., García-Reyes, J.F., Mezcua, M., 
Ramos-Martos, N., Fernández-Alba, A.R., Molina-Díaz, 
A. (2010). Multi-residue determination of pesticides in fruit-
based soft drinks by fast liquid chromatography time-of-
flight mass spectrometry. Talanta, 81(4-5), 1310–1321. 
https://doi.org/10.1016/j.talanta.2010.02.026 
 
Godebo, T.R., Stoner, H., Pechilis, M., Taylor-Arnold, H., 
Ashmead, J., Claman, L., Guest, L.C.W., DiMatteo, O., 
Johnson, M., Cowden, K., Shaferman, D., Gordon, E., 
Dillman, H., Phan, N., Tegegn, A., Garrido, S.V., Heard, 
E. (2023). Toxic metals and essential elements contents 
in commercially available fruit juices and other non-alcoholic 

beverages from the United States. Journal of Food Composi-
tion and Analysis, 119, 105230.  
https://doi.org/10.1016/j.jfca.2023.105230 
  
Khan, M., Omer, T., Ellahi, A., Ur Rahman, Z., Niaz, R., 
Lone, S.A. (2023). Monitoring and assessment of heavy 
metal contamination in the surface water of selected rivers. 
Geocarto International, 38(10), 2256313.  
https://doi.org/10.1080/10106049.2023.2256313 
 
Massahi, T., Mirshafiee, A., Parastouei, K. (2025). Bi-
sphenol A migration and associated health risk in polyeth-
ylene terephthalate-bottled yogurt drinks (Doogh) under dif-
ferent storage scenarios. Scientific Reports, 15(1), 31135.  
https://doi.org/10.1038/s41598-025-17347-w 
 
Mehri, F., Heshmati, A., Ghane, E.T., Mahmudiono, T., 
Fakhri, Y. (2024). Concentration of heavy metals in tradi-
tional and industrial fruit juices from Iran: Probabilistic risk 
assessment study. Biological Trace Element Research, 202, 
5296–5305.  
https://doi.org/10.1007/s12011-023-04049-5 
  
Polat, B., Tiryaki, O., Küçük, F.N. (2026). History of pes-
ticide residue analyses and versions of QuEChERS method. 
Journal of Food and Feed Science – Technology, 36, 10–26. 
https://doi.org/10.56833/gidaveyem.1892914 
 
Salahel Din, K., Abdalbasit, Y., Abbady, A., Saad, N. 
(2025). Assessment of toxic heavy metals in commonly con-
sumed foods in Egypt and their implications for public health 
and safety. Scientific Reports, 15(1), 43107.  
https://doi.org/10.1038/s41598-025-27798-w 
 
Savvaidis, I.N., Osaili, T.M. (Eds.). (2021). Food safety in 
the Middle East. Academic Press/Elsevier.  
https://doi.org/10.1016/C2019-0-04272-0 
 
SFDA (Saudi Food and Drug Authority) (2021). Food 
Contaminants Standard GSO 193:2021. Riyadh, Saudi Ara-
bia.  
https://gso-sims-preview-doc-aws.s3-eu-est-1.amazo-
naws.com/gso-193-2021-en.pdf  
(available date: 30 May 2026) 
 
Shagban, H., Mostafa, A., Algarni, A.M., Almohd, Y., 
Abualrahib, D., Hussein, D., & Alghamdi, M. (2022). Sim-
ultaneous determination of bisphenol A and its analogues in 
foodstuff using UPLC–MS/MS and assessment of their 

https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252Fstandards%252FCXS%2B193-1995%252FCXS_193e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252Fstandards%252FCXS%2B193-1995%252FCXS_193e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252Fstandards%252FCXS%2B193-1995%252FCXS_193e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252Fstandards%252FCXS%2B193-1995%252FCXS_193e.pdf
https://doi.org/10.1080/03067319.2022.2162389
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-action-levels-lead-juice
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-action-levels-lead-juice
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-action-levels-lead-juice
https://doi.org/10.1016/j.jafr.2025.102014
https://doi.org/10.1016/j.talanta.2010.02.026
https://doi.org/10.1016/j.jfca.2023.105230
https://doi.org/10.1080/10106049.2023.2256313
https://doi.org/10.1038/s41598-025-17347-w
https://doi.org/10.1007/s12011-023-04049-5
https://doi.org/10.56833/gidaveyem.1892914
https://doi.org/10.1038/s41598-025-27798-w
https://doi.org/10.1016/C2019-0-04272-0
https://gso-sims-preview-doc-aws.s3-eu-est-1.amazonaws.com/gso-193-2021-en.pdf
https://gso-sims-preview-doc-aws.s3-eu-est-1.amazonaws.com/gso-193-2021-en.pdf


 

 

  Food and Health 12(3), 305-317 (2026) • https://doi.org/10.3153/FH26024           Review Article 

 

317 

health risk in adult population. Journal of Food Composition 
and Analysis, 110, 104549.  
https://doi.org/10.1016/j.jfca.2022.104549 
 
Osaili, T.M., Al Sallagi, M.S., Dhanasekaran, D.K., Bani 
Odeh, W.A.M., Al Ali, H.J., Al Ali, A.A.S., Radwan, H., 
Obaid, R.S., Holley, R. (2022). Pesticide residues in fresh 
vegetables imported into the United Arab Emirates. Food 
Control, 133(Part B), 108663.  
https://doi.org/10.1016/j.foodcont.2021.108663 
 
Taghizadeh, S.F., Karimi, G., Tzatzarakis, M., Tsakiris, 
I., Ahmadpourmir, H., Azizi, M., Afshari, A., Ghorani, V., 
Yarmohammadi, F., Tsatsakis, A., Rezaee, R. (2022). 
Probabilistic risk assessment of exposure to multiple metals 
and pesticides through consumption of fruit juice samples 
collected from the Iranian market. Food and Chemical Toxi-
cology, 170, 113493. 
https://doi.org/10.1016/j.fct.2022.113493  
 

T.C. Gıda, Tarım ve Hayvancılık Bakanlığı(Açar, 
Çetinkaya) (2015). Pestisit analizleri eğitim notu. Ulusal 
Gıda Referans Laboratuvarı.  
https://gidalab.tarimorman.gov.tr/gidareferans/Belge-
ler/B%C3%B6l%C3%BCmler/Pestisit-Egitim-
Notu2015.pdf (available date: 30 May 2026) 
 
 
WHO (World Health Organization) (2022). Guidelines for 
Drinking-water Quality (4th ed.). Geneva: WHO Press. 
https://iris.who.int/server/api/core/bitstreams/69c17edd-
ee26-425b-9d34-33799377e886/content  
(available date: 30 May 2026) 
 
Yüksel, B., Ustaoğlu, F., Yazman, M.M., Şeker, M.E., 
Öncü, T. (2023). Exposure to potentially toxic elements 
through ingestion of canned non-alcoholic drinks sold in Is-
tanbul, Türkiye: A health risk assessment study. Journal of 
Food Composition and Analysis, 121, 1–22.  
https://doi.org/10.1016/j.jfca.2023.105361 
 

https://doi.org/10.1016/j.jfca.2022.104549
https://doi.org/10.1016/j.foodcont.2021.108663
https://doi.org/10.1016/j.fct.2022.113493
https://gidalab.tarimorman.gov.tr/gidareferans/Belgeler/B%C3%B6l%C3%BCmler/Pestisit-Egitim-Notu2015.pdf
https://gidalab.tarimorman.gov.tr/gidareferans/Belgeler/B%C3%B6l%C3%BCmler/Pestisit-Egitim-Notu2015.pdf
https://gidalab.tarimorman.gov.tr/gidareferans/Belgeler/B%C3%B6l%C3%BCmler/Pestisit-Egitim-Notu2015.pdf
https://iris.who.int/server/api/core/bitstreams/69c17edd-ee26-425b-9d34-33799377e886/content
https://iris.who.int/server/api/core/bitstreams/69c17edd-ee26-425b-9d34-33799377e886/content
https://doi.org/10.1016/j.jfca.2023.105361

	Detection of residues in soft drinks sold in the Middle East: A review
	Introduction
	Chemical Contaminants and Analytical Detection Methods
	Occurrence of Contaminants in Middle Eastern Soft Drinks
	Health Risk Assessment
	Conclusion
	References


