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Abstract:

Background: Dietary supplements (DSs) are products intended to enrich the diet. Worldwide DSs are
categorised as food and regulated as food. However, most of the consumers of these products consider DSs as
natural safe products which have the ability not only to enrich the diet but also to improve health. Nowadays
DSs are involved in the nutrition of many people. Moreover, DSs are involved in the management of different
health conditions although DSs are not medicines and differ from the pharmaceuticals in many aspects
including regulation, safety testing, quality testing, etc. In the past 10 years many studies reported that more
than 20% of the DSs worldwide have poor quality: contaminations, unproper labelling, undeclared
pharmaceutical compounds, etc. This could be regarded as a natural consequence of the lack of obligatory
analytical control for DSs worldwide. The aim of the present study was to analyze the content of pesticides
residues in weight loss dietary supplements.

Materials and Methods: Twenty dietary supplements promoted for weight loss/obesity management were
randomly selected. All samples were purchased form Bulgarian pharmacies and were labeled as herbal/natural
dietary supplements. A screening for 127 pesticides was performed by a multimethod based on GC-MS/MS and
LC-MS according to the guidelines of the European Standard for determination of pesticide residues in foods of
plant origin (EN 15662:2018 ).

Results: Eight of the analyzed samples contained pesticides. The pesticides found were:Midacloprid,
Carbendazim, Cypermethrin, lambda-Cyhalothrin, alpha-Hexachlorocyclohexane, Acetamiprid,
Hexachlorobenzene, Procymidone, Dimethomorph, Chlorpyrifos, Thiophanate-methyl, Boscalid, Azoxystrobin,
Tebuconazole, delta-Hexachlorocyclohexane, Acrinathrin.

Conclusion: Pesticides were found in 40% of the analyzed DSs. The results of the present study indicated an
urgent need for obligatory monitoring of pesticides in DSs.
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L. Introduction

Dietary supplements (DSs) are products regarded as sources of different important nutrients (vitamins,
minerals) or other bioactive compounds which are used to enrich the diet [1]. Nowadays, the consumption of
DSs has reached especially high levels [2][3]. The main key points for the fast and constant growth of the DSs
consumption are liberal legislation, rapid and easy introduction of new DSs, easy purchases, advertisement,
lifestyle trends. In general, most of the consumers associate these products with a healthy lifestyle model and
safety.

However, nowadays the safety of DSs has become an important challenge: numerous cases of poor
quality DSs, including contaminations with pharmacologically active compounds associated with serious
adverse effects, unproper labeling, etc [3]. In general, more than 20% of the DS worldwide might have poor
quality and might be dangerous for consumers [4] .

In the last years DSs used for weight management are one of the most popular and attractive DSs. At
the same time these products are one of the most commonly contaminated DSs with undeclared compounds [3].

The aim of the present study was to analyze the content of pesticides residues in weight loss dietary
supplements.

IL. Material And Methods

Twenty dietary supplements used for weight loss/obesity management were randomly selected. All
samples were purchased form Bulgarian pharmacies and were labeled as herbal/natural dietary supplements. A
screening for 127 pesticides was performed by a multimethod based on GC-MS/MS and LC-MS according to
the guidelines of the Bulgarian Institute for Standardization for the determination of pesticide residues in foods
of plant origin (EN 15662:2018) [5][6]. All samples were stored in sterile containers prior to analysis. The
weight of the samples required for the essay was 10 g. The sample preparation included homogenization,
extraction with acetonitrile, centrifuging (for phase separation), a clean-up, acidificataion. The samples were
analyzed by GC-MS/MS and LC-MS.
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II1. Results

Pesticides were found in 8 of the analyzed samples (40% of the samples). The pesticides detected were:
Imidacloprid, Carbendazim, Cypermethrin, lambda-Cyhalothrin, alpha-Hexachlorocyclohexane (alpha-HCH),
Acetamiprid, Hexachlorobenzene, Procymidone, Dimethomorph, Chlorpyrifos, Thiophanate-methyl, Boscalid,
Azoxystrobin, Tebuconazole, delta-Hexachlorocyclohexane (delta-HCH), Acrinathrin (table 1).

Carbendazim and Acetamiprid were one of the most commonly detected pesticides. Carbendazim was
found in four samples and Acetamiprid was found in three of the samples. Three of the samples contained only
one pesticide, 2 of the samples contained 2 different pesticides, 1 sample contained 3 different pesticides, and 2
of the samples contained more than 5 different pesticides. The presence of different pesticides in one product
could have serious adverse effects and should be carefully regarded. At the same time DSs are products which
could provide a long-term exposure to pesticides- normally these products are consumed for a long period of
time (weeks, months).

Although in European Union (EU) DSs are regulated as food no data was found about the “Pesticide
residue(s) and maximum residue levels (MRL)” for food/dietary supplements in EU. The data about the MRL
(mg/kg) in food included fruits, nuts, vegetables, fungi, pulses, mosses and lichens, teas, coffee, herbal
infusions, cocoa and carobs, hops, spices, honey, animal food products [7].

According to the EU legislation, MRL of 0.01 mg/kg is applied where a pesticide is not specifically
mentioned [8].

The highest levels of pesticides residues  were found in sample Ne 8: Hexachlorobenzene,
Procymidone, Difenoconazole, Dimethomorph, Bifenthrin, Chlorpyrifos, Thiophanate-methyl, Imidacloprid,
Carbendazim, Boscalid, Azoxystrobin, Acetamiprid. In this sample Carbendazim levels were the highest- 1,107
mg/kg. According to the EU legislation, MRL for Hexachlorobenzene in food from plant origin is 0,01 mg/kg
and for herbs 0,02 mg/kg [9]. The levels of Hexachlorobenzene in this sample were 0,013 mg/kg. The daily
intake of this DSis 1 g.

Some of the main characteristics of the detected pesticides are presented in table 2.

Table 1: Pesticides content in the analyzed weight loss dietary supplements

Ne | Description | Origin of the | Formulation Total Recommended daily intake Pesticides content (mg/
manufacturer weight of | according to the label of the kg)
1 capsule/ product
tablet in
mg
1 Garcinia European Capsules 570 Up to 4 capsules per day (1-2 -
cambogia Union capsules/ 2 times per day).
extract
2 Green tea European Capsules 340 4 capsules per day (2 capsules/ -
extract Union 2 times per day)
3 Green tea European Tablets 190 6 tablets per day (2 tablets/ 3 -
extract Union times per day)
4 | Combination- European Capsules 450 2 capsules per day (1 capsule/2 | Imidacloprid (0,017)
different Union times per day) Carbendazim (0,011)
plant extracts
5 Green tea USA Capsules 500 2 capsules per day (1 capsule/2 | Cypermethrin (0,047)
extract times per day) Lambda-cyhalothrin
(0,018)
Alpha-HCH (0,013)
Carbendazim (0,016)
Imidacloprid (0,034)
Acetamiprid (0,044)
6 Green tea USA Capsules 430 1 capsule daily Acetamiprid (0,025)
extract
7 | Green coffee European Capsules 500 2 capsules per day (1 capsule/2 | Lambda-cyhalothrin
extract Union times per day) (0,188)
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8 | Combination- European Capsules 500 2 capsules per day (1 capsule/2 Hexachlorobenzene
different Union times per day) (0,013)
plant extracts Procymidone (0,055)
Difenoconazole (0,119)
Dimethomorph (0,035)
Bifenthrin (0,015)
Chlorpyrifos (0,013)
Thiophanate-methyl
(0,159)
Imidacloprid (0,015)
Carbendazim (1,107)
Boscalid (0,043)
Azoxystrobin (0,023)
Acetamiprid (0,029)
9 Yohimbine USA Capsules 900 2 capsules daily (1 capsule/ 2 -
times per day)
10 Garcinia USA Tablets 1500 Up to 4 capsules per day (1-2 -
cambogia capsules/ 2 times per day).
extract
11 | Combination- European Capsules 450 2 capsules per day (1 capsule/2 -
plant extracts Union times per day)
12 Biotin Canada Tablets 220 2 tablets daily (1 tablet /2 -
times per day)
13 | Combination- China Capsules 300 2 capsules per day (1 capsule/2 -
plant extracts times per day)
14 Guarana European Tablets 900 8 tablets per day (2 tablets/ 4 Tebuconazole (0,022)
extract Union times per day)
15 | Combination- European Capsules 400 2 capsules per day (1 capsule/2 alpha-HCH (0,020)
plant extracts Union times per day) delta-HCH (0,017)
16 | Combination- European Capsules 500 2 capsules per day (1 capsule/2 -
plant extracts Union times per day)
17 | Combination- European | Tablets 500 Up to 3 tablets per day (1 Lambda-cyhalothrin
plant extracts Union tablet/2 or 3 times per day) (0,016)
Acrinathrin (0,082)
Carbendazim (0,128)
18 | Combination- European Capsules 450 2 capsules per day (1 capsule/2 -
plant extracts Union times per day)
19 | Combination- USA Capsules 550 2 capsules per day -
plant extracts
20 | Combination- European Capsules 800 2 capsules per day (1 capsule/2 -
plant extracts Union times per day)
Table 2: Main characteristics of the detected pesticides
Pesticide Description Application Toxicity
Acetamiprid Alpha-chloro-N-heteroaromatic Insecticide Hepatorenal, immunological,
compound. Agonist of nicotinic neurological, genotoxic, and
acetylcholine receptors. reproductive adverse effects
[10].
Acrinathrin A cyclopropanecarboxylate ester. Insecticide Decreasement of body weight
Disrupts the nervous system of gain, skin lesions [11].
insects.
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alpha-HCH An isomer Insecticide Human carcinogen [12], [13].
of hexachlorocyclohexane.
Azoxystrobin Inhibitor of mitochondrial Fungicide Neurotoxicity [14] .
respiration Reproductive toxicity in fish
[15].
Boscalid A succinate dehydrogenase Fungicide A short-term exposure is
inhibitor [16]. associated with mitochondrial
dysfunction in human cells [16].
Bifenthrin A synthetic pyrethroid, associated Insecticide Acute lethal effects to aquatic
with a broad spectrum of species. Nonlethal negative
insecticidal and acaricidal impacts on different non-target
activity [17]. organisms. Immune toxicity.
Reproductive toxicity and
endocrine disruption effects
[18].
Carbendazim A benzimidazole fungicide. Fungicide Embryotoxicity, teratogenic
effects, infertility, hepatocellular
dysfunction, endocrine-
disrupting effects, hematological
adverse effects, mutagenic
effects [19].
Chlorpyrifos An organophosphate pesticide. It Insecticide Adverse effects in animals and
inhibits the acetylcholinesterase. humans: endocrine disruption,
Chlorpyrifos causes disruption of neurotoxicity, reproductive
the nervous system and death of toxicity, carcinogenesis [21].
the animal organism [20].
delta-HCH An isomer of Insecticide Endocrine toxicity [22].
hexachlorocyclohexane.
Difenoconazole A broad-spectrum triazole Fungicide Irritant to skin and mucous
fungicide [23]. It is a steroid membranes [23]
demethylation inhibitor and affects
mainly on the vegetative stage of
fungi [24].
Dimethomorph Dimethomorph represents a Fungicide Liver damage.
mixture of approximately equal
amounts of two geometrical
isomers (E- and Z-isomers) [25].
Hexachlorobenze A fungicide with molecular Fungicide Long-term exposure can cause
ne formula CsCls. liver damage and reproductive
toxicity. Accumulates in body fat
[26]. It is regarded as a probable
human carcinogen.
Imidacloprid Belongs to the neonicotinoids’ Insecticide Reproductive toxicity [27].
family. It acts on the central
nervous system of insects.
lambda- A pesticide which belongs to the Insecticide Pancreatic toxicity [28].
Cyhalothrin Pyrethroid’s family.
Thiophanate- A widely used fungicide. The Fungicide Hepatotoxicity, kidney toxicity
methyl compound exhibit high mobility in [30], [31].
soil [29].
Tebuconazole A triazole fungicide. Fungicide Tebuconazole could reduce cell

viability and disturb normal cell
cycle [32].
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Iv. Discussion

EU strictly regulates the use of plant protection products. In EU a plant protection product can be used
only if it covers the following important key points: no harmful effects on humans (consumers, farmers,
bystanders, etc.), no unacceptable consequences on the environment and to be sufficiently effective [33].

Although pesticides are considered as compounds of great importance for the agriculture these
chemicals are also regarded as dangerous pollutants which can cause serious consequences for health and
ecosystems [10].

For example, Acetamiprid is a chloronicotinyl insecticide which is designed as nicotinic acetylcholine
receptor agonist in insects [10]. However, exposure to acetamiprid is associated with adverse effects in non-
targeted organisms as well including mammals. Its toxic metabolites are detected in the liver, brain, plasma and
urine mammals. The effects of acetamiprid exposure lead to hematological and biochemical changes resulting in
serious hepatorenal, immunological, neurological, genotoxic and reproductive adverse effects [10]. Acetamiprid
was found in three of the analyzed DSs.

Another insecticide, which was found in two of the analyzed samples, alpha-HCH is regarded as a
carcinogen [13]. Its long-term exposure was associated with hyperplastic nodules and carcinomas in the livers of
rats and mice [13]. Adeoluwa Oluwaseyi Adeleye and coworkers reported a study which results indicated that
consumption of food contaminated with alpha-HCH could pose a carcinogenic risk for adults and children [12].

Carbendazim which was found in four of the analyzed samples is regarded as one of the major
pollutants which can be detected in food, soil, and water. Its long-term exposure is associated with acute or
delayed toxic effects on invertebrates, aquatic life forms, soil microorganisms and humans [19].

Hexachlorobenzene, found in sample Ne 8, was listed under the Stockholm Convention is considered
as another dangerous organic pollutant. It is associated the following characteristics: long-range environment
transport, persistence, bioaccumulation, and toxicity [34].

Humans’ exposure to pesticides should be carefully regarded. Sources of pesticides could be food,
dietary supplements, water, or the environment. The long-term exposure to pesticides is especially dangerous. In
general, DS are products which are taken for a long period of time (weeks, months, etc.) and could provide a
long-term exposure to dangerous compounds. Poor quality DSs would not enrich the diet and improve health
but could cause serious adverse effects. Moreover, DSs are products which are consumed by people from
different age and health conditions.

The quality of DSs should be carefully monitored including quality and quantity control of the active
ingredients, screening for undeclared compounds, screening for lead levels and obligatory screening for
pesticides. There is an urgent need for strict enforcement of regulations on DSs to minimize human health risks.
Novel regulations about MRL in DSs in EU would be especially beneficial for ensuring the consumers safety.

V. Conclusion

The results of the present study indicated an urgent need for monitoring of pesticides in DSs. Pesticides
were found in 40% of the analyzed DSs. In this study Carbendazim and Acetamiprid were one of the most
commonly detected pesticides. Carbendazim was found in four samples and Acetamiprid was found in three of
the samples. Three of the samples contained only one pesticide, two of the samples contained two different
pesticides, one sample contained three different pesticides and two of the samples contained more than five
different pesticides. The presence of different pesticides in one product could have serious adverse effects and
should be carefully regarded. Something more, DSs could provide a long-term exposure to pesticides, because
these products are normally consumed for a long period of time.
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