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ABSTRACT
This study was aimed to determine the Lead, Cadmium and Mercury content in the Sports supplements in
the market of Iran. This cross-sectional study was to determine the Lead, Cadmium and Mercury level in the
12 available Sports supplements brands in Iran. The total of 60 samples was used for this purpose. HNO3
67% and HF40% were used to extract the metals. The heavy metal levels in samples were determined using
atomic absorption spectrometry method. The obtained results were finally analyzed by ANOVA and
descriptive statistics using software spss16.The results showed that highest level of lead was detected in
brands of S12 (2.31±0.01) and S11 (1.95± 0.003) while the lowest average level was detected in S1 brand
(0.003± 0.0007). The highest level of Cadmium was in brands of S9 (0.412±0.007) and S11 (0.704± 0.003)
and lowest average level of Cadmium was detected in S5 brand (0.012± 0.002). The maximum level of
mercury was determined in S8 brand (0.55± 0.025) and S9 brand (0.50± 0.020) while the minimum level
was observed in S1 brand (0.11± 0.011). It can be concluded that there are various amount of heavy metals
in the sports supplements in the Iran and the monitoring of these products is important to protect the
athletes’ health.
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INTRODUCTION
Today, the athletes utilize several approaches to
achieve the sporting triumphs through the use of
medicinal or nutritional products (Sports
supplements). There are various reasons to athletes
uses these products include: increasing athletic
performance and ability, accelerating of
rehabilitation and reduction of muscle damage1.
Nutritional supplements are used to increase muscle
growth for decades. The damages caused by some
of these products have been well documented2.
Young and teen athletes are the consumer
population group of these compounds to increase
strength, muscle mass or improve physical
function3, 4. Despite the fact that these supplements
are sometimes associated with serious adverse
effects or death, they have not seriously
investigated for safety and their effects. Even
healthy supplements such as vitamins, creatine,
protein powders can be toxic, especially, if they are

consumed in high doses for a long time5. It is
possible that various harmful additives have
presented in food supplements and have not listed
on their package label6, 7. Five different groups of
supplements exist on the market according to their
original content. The term of Nutritional
supplement is used for a variety of products
including vitamins, minerals, plant compounds and
many other effective compounds8. Creatine is one
of these supplements. Creatine is a derivative of
amino acids with the highest amounts in skeletal
muscles and it is endogenously synthesized and
made of the arginine, glycine and methionine of Smethyl but it can also provided through diet
(mainly from meat and fish)9. Several studies have
been conducted on the benefits of creatine
supplements in appropriate amounts10-13. Other
researchers have also shown that the excessive
uptake of creatine causes problems14-17. The
contamination resources can dependence to various
factors such as raw materials, reagents and solvents
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used in their manufacture, tubular packaging, tools
and equipment (containers reaction, electrodes,
etc.) that can be in contact with the product (e.g.,
lead is used in metal alloys) an containers that is
used to store or package of the products (e.g.,
mercury and cadmium used in the plastics industry)
18, 19
. The allowable daily intake for some important
elements has been considered as following: Chrome
(120 mg), copper (2 mg), iron (18 mg),
molybdenum (75 µg), selenium (70 µg), zinc (15
mg) and …. . The supplement manufacturers are
responsible for ensuring the health of supplements
and accuracy of the products label20. The maximum
limit of heavy metal amounts are 10 mg/kg for
arsenic, cadmium, lead, and 1 mg/kg for mercury 18,
19 and 21
. Mort et al has only detected mercury in
measurable amounts (less than 1 mg/kg) in their
study22. Hyatt et al have observed 36 nutrients and
toxic elements in 42 nutritional supplements. They
reported that some products had lead, zinc,
manganese, molybdenum, copper and iron higher
than accepted safe level23.The aim of this study was
to determine the quality of heavy metals such as
lead, cadmium and mercury in different brands
available sport supplements in the Iranian market
due to the toxicity of the heavy metals.
Experimental
Study design
This is a cross-sectional study and sports
supplement brands available in the markets of Iran
are the studied population. The total numbers of 12
sports supplement brands available including S1,
S2, S3, S4, S5, S6, S7, S8, S9, S10, S11 and S12
were provided from markets in Iran. The number of
5 samples was collected from each brand; thus, 60
samples were totally applied to detect and compare
the heavy metal level among the various brands.
Material and instruments
Standard solutions of nickel, lead, cadmium and
mercury at concentrations of 1 mg/ml were
prepared from Merck CO., Germany. Atomic
absorption spectrometry (SO Scan VARIAN), and
method was used to measure heavy metals. Also,
the microwave device was used for digestion and
mineralization.
Experimental methods
HNO3 67% and HF40% were used to extract the
metals. The standard samples of each metal with
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deionized water were applied for calibration. The
samples were transferred to clean containers. 1 gr
of sports supplements was carefully weighed and
were transferred into the containers washed with
deionized water and 5 ml of nitric acid 67% was
added to each sample. For sample digestion and
extraction of heavy metals (mineralization),
microwave devices were used in a five-stage batch
system at 280watt microwave for 3 min. The
maximum pressure and temperature during
extraction or mineralization should be 45 atm and
155 ° C, respectively. The samples obtained were
brought to the desired volume.
Determination of the parameters
To measure the heavy metals, the samples were
injected to atomic absorption spectrometry. For
mercury, the dissolved mercury in the solution was
reduced by SnCl2 and converted to metallic
mercury. Mercury vapor in the analyzer devices
was directed into the sorbent cell and it was
absorbed in atomic form at wavelength of 253.7 nm
emitted by the mercury lamps. Thus, the
concentration of mercury released in each of
samples was achieved (30).
Data analysis
The obtained data were analyzed using software
spss16 and descriptive statistics and the ANOVA
were used to compare the average of each heavy
metal in the samples.

RESULTS
The highest average level of lead was observed in
brands of S12 (2.31±0.01) and S11 (1.95± 0.003)
while its lowest average level was determined in S1
(0.003± 0.0007). The results are shown in table
1.The highest average level of Cadmium was
determined in brands of S9 (0.412±0.007) and S11
(0.704± 0.003) and lowest average level of
Cadmium was detected in S5 (0.012± 0.002). The
results are shown in table 2 The maximum average
level of mercury was determined in S8 (0.55±
0.025) and S9 (0.50± 0.020) while the minimum
average level was observed in S1 (0.11± 0.011).
The one way ANOVA test demonstrated that there
is a significant difference between the mercury
concentration levels in the samples. Table 3 reveals
the results of mercury level in the different brands.
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Table 1
The comparison of the lead average level in
various studied products

Table 2
comparison of the cadmium concentration level
among the various studied products
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Table 3
comparison of the mercury concentration level
among the various studied products

DISCUSSION
As it is observed in table 1, the maximum lead level
was found in the S12 and S11. The One way
ANOVA test showed that there is a significant
difference between the average concentration of
lead in the samples (P.Value<0.001). Based on the
Duncan homogeneous subsets test, (Table 1), the
average concentration of lead in products with code
of S1 to S5 is similar but other subgroups have
different concentration of lead. Also, the average
concentration of S4, S5 and S6 as a subset has a
similar average which it is different with other
groups. Similarly, the S7, S8 and S9 are placed in a
subgroup and they have different concentration
rather than other groups. Dolan et al has been
studied the arsenic, cadmium, mercury and lead
content of 95 supplement product using microwave
digestion and ICP-MS. They have found that the
concentration of lead in some of these products is
48600µg/kg27.The highest average level of
Cadmium was related to S9 and S11 while lowest
average level of Cadmium was detected in S5. The
One way ANOVA test indicated that there is a
significant difference between the average
concentration of cadmium in the samples
(P.Value<0.001). The Duncan homogeneous
subsets test (Table 2) revealed that S2 and S5 have
similar average concentration of Cadmium but the
Cadmium concentration is different in other

subgroups. In addition, the average concentration of
cadmium in S8 and S12 is similar but it was
significantly different among all groups. The
cadmium concentration was obtained to be
16800µg/kg in the study of Dolan et al.The
maximum average level of mercury was determined
in S8 and S9 while the minimum average level was
observed in S1. The one way ANOVA test
demonstrated that there is a significant difference
between the mercury concentration levels in the
samples. The Duncan homogeneous subsets test
(Table3) showed that the average concentration of
mercury in S1 and S2 was similar and it was
different in other groups. Furthermore, its
concentration is samilar in S3 and S5 but it is
significantly different among all groups, generally.
Mort et al have investigated the creatine levels,
organic pollutants and heavy metals in
supplements. In this study, only mercury was
observed in measurable levels (less than 1 mg per
kg)22.

CONCLUSION
The results showed that the all type of studied
brands of Sports supplements have different levels
of heavy metal. The maximum level of heavy metal
is related to lead and the cadmium and mercury are
placed in next step. Since the heavy metals are
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dangerous group of elements and they can have
adverse effect on human health; therefore, the
determination of these elements in these products is
necessary and the authorities should be survey and
monitor these products.
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