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ABSTRACT 
 

 

BACKGROUND 

Artificial turf fields are widely used as an alternative to natural grass in 

many areas such as parks, playgrounds, and playing fields. In this study, 

we aimed to evaluate the toxicological effects of the chemicals contained in 

the fields consisting of artificial turf and crumb rubber on the blood metal 

levels in field hockey players. 

 
METHODS 

A cross-sectional study was conducted involving 28 apparently healthy 

men aged 20-25 years who participated in this study voluntarily. They 

consisted of 17 field hockey athletes [athlete group (AG)] and 11 

sedentary males [control group (CG)]. Before and after the 7-day 

tournament, blood samples were taken from AG and CG to measure 

mercury, arsenic, aluminum, lead, zinc, magnesium and iron levels. An 

independent t-test was used to analyze the data.  

 

RESULTS 

In comparisons between CG and AG, the magnesium level of AG before 

the tournament was higher, while the iron and mercury levels were 

significantly lower (p<0.05). In intragroup comparisons, a significant 

increase was observed in the post-tournament magnesium and iron 

variables in the AG group (p<0.05). In post-tournament intergroup 

comparisons, increases in the Mg and decreases in the Hg variables of 

AG were significant (p<0.05). 

 
CONCLUSION 

It is thought that as a result of the tournament on fields with synthetic 

grass surfaces, the male field hockey players in the 20-25 age group were 

toxicologically not affected by the harmful heavy metals present in these 

fields, because the Hg, As, Pb, Zn, Al, Fe, and Mg levels are within the 

international reference ranges. 
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INTRODUCTION

Artificial turf fields, also called “synthetic”
surfaces, are widely used as an alternative to
natural grass in many areas such as residential
areas, parks, playgrounds and playing fields.(1)

Although the reason given as to why artificial
turf grounds are widely used in sports and
playgrounds is that they allow useful activities
such as exercise, it is reported that the main
reason is cost savings and the ability to use
artificial grass fields in all weather conditions.
Crumb rubber from tires contains various metals
such as cadmium, chromium, zinc, aluminum and
lead. They also contain volatile organic
compounds (VOCs) and polycyclic aromatic
hydrocarbons (PAHs) such as benzopyrenes (a
and e), benzo (a) anthracene, and phthalates.(2)

In 2016, the United States Environmental
Protection Agency (US EPA) made a statement
on the use of crumb rubber in artificial turf fields:
it reported that the crumb rubber found in such
fields will increase health risk factors. In addition,
it has been reported that the negative effects of
the crumb rubber on health have not been
comprehensively evaluated in the existing
literature. As a matter of fact, it is known that
some metals contained in the crumb rubber used
in artificial turf fields are known to be carcinogens,
neurotoxins, and potential endocrine disruptors.
It is known that hundreds of thousands of adults
and children around the world are exposed to
these synthetic (artificial) surfaces almost every
day. Due to this situation, it is stated that people
who use these areas frequently are also exposed
to various chemicals. In addition, it is emphasized
that it is essential to reveal the possible effects of
entry into the body through inhalation, skin
absorption or ingestion.(2) Therefore, it is of great
importance to examine the possible toxicological
effects of the crumb rubber used in artificial turf
fields on the athletes who use these fields
frequently.

Little is still known about the health risks of
using artificial turf playing fields, especially in the

long term.(3) When the literature was examined,
it was seen that the studies on artificial turf fields
focused on two separate fields of study. While
the first field of study is examining the toxic
substances contained in artificial turf fields,(1,2,4-9)

the other field of study is examining the effects of
artificial turf fields on sports injuries.(10-16) In a
study on metals that included mercury (Hg),
arsenic (As), lead (Pb), zinc (Zn), aluminum (Al),
iron (Fe), and magnesium (Mg) in samples taken
from 32 different synthetic fields, a total of 25
metals were examined and it has been reported
that Mg, Fe and Zn levels were significantly higher
than those of the other metals.(8) In addition, in
studies on crumb rubber, it has been reported
that while tire rubber contains high levels of Zn,
it also contains Fe and Mg, albeit at low levels.(9)

However, no study has been found that
measured the levels of these metals in athletes
using artificial turf fields.

As can be understood from the literature
reviews, there is extensive literature about
artificial turf fields and sports injuries. A Dutch
study found no elevated health risks from playing
sports on synthetic turf fields with recycled rubber
granulate.(17) Likewise, Cheng et al.(18) report that
users of synthetic turf fields are not exposed to
elevated health risks. Yet, information is limited
to reach any definitive conclusion about the
potential health risks associated with synthetic
turf. In particular, research is lacking on the long-
term health effects for users of synthetic turf
surfaces.

Therefore, in this study, we aimed to
evaluate serum Hg, As, Al, Pb, Zn, Mg, and Fe
levels in field hockey players before and after
the tournament and to compare them with the
healthy control group.

METHODS

Research design
A cross-sectional study was conducted

during the Field Hockey Turkey Championship
in Konya between 15-24 May 2020.
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Research subjects
A total of 28 healthy men, aged between

20-25 years, participated in this study voluntarily.
Although a field hockey team consists of 18 male
players, as an athlete was excluded from the
study because he was injured in his first
competition, our study was completed with 17
players. Therefore the athlete group (AG)
consisted of 17 field hockey players, whose
mean age, height, and weight were 21.24±1.79
years, 175.82±5.67 cm, and 68.94±9.95 kg,
respectively, and the control group (CG)
consisted of 11 sedentary men with mean age,
height, and weight of 22.45±1.97 years,
177.09±3.39 cm, and 73.91±9.63 kg,
respectively. In determining the AG, the selection
was made by considering the following criteria:
being a healthy male athlete between the ages of
20 and 25 years, regularly training and competing
on synthetic turf fields for at least three months,
taking part in the same team, not smoking or
using any medications, living in the same region,
and following a similar diet. Also, in determining
the CG, the selection was made by considering
the following criteria: Being a healthy man
between the ages of 20 and 25 years, not
smoking or using any medications, living in the
same region, and following a similar diet. The
tournament lasted for 7 days, and the AG
competed on the same synthetic turf field every
day. Each match lasted 75 minutes, with two 35-
minute periods and a 5-minute halftime break.
Athletes who took part in the competitions full
time (7 matches x 75 minutes = 525 minutes)
were included in the study.

Physical tests
The physical tests of the research group

were taken once before the competition. The
age of the participants in years was recorded
from their identity cards. Height was measured
by means of a stadiometer with an accuracy of
±0.01 cm in the upright barefoot position and
recorded in cm. Body weight values were
measured with the participants being barefoot in
shorts and T-shirts, using scales with ±0.1 kg
accuracy, and recorded in kg.

Collection of blood samples
Blood samples of AG and CG were taken

into serum or plasma tubes to measure Hg, As,
Al, Pb, Zn, Mg, and Fe levels in accordance
with the method in which the measurements
would be made. For AG, blood samples were
taken twice in the morning on an empty stomach,
one day before the start of the 7-day tournament
and on the last day of the tournament. Also, for
CG, blood samples were taken once, on an
empty stomach, one day before the start of the
tournament.

Preparation of blood samples
The Hg, As, Al, Pb, Zn, Mg, and Fe levels

were measured in blood samples taken from the
participants included in this study. Blood samples
from AG and CG were taken into purple- capped
hemogram tubes containing ethylene diamine tetra
acetic acid for Hg, As, and Pb measurement.
Blood samples for Zn and Al measurement were
taken into red-capped serum tubes, and blood
samples for Mg and Fe measurement were taken
into yellow-capped biochemistry tubes. Then, the
blood samples in these tubes were centrifuged
and sent to be studied in a laboratory (E-lap
Laboratory, Ankara, Türkiye) under appropriate
storage conditions. The elements Hg, As, Pb, Zn,
and Al were studied by atomic absorption
spectroscopy, while Fe and Mg were studied by
colorimetric method in a biochemistry analyzer.
In healthy adults the normal zinc concentration in
serum or plasma is 80 to 120 µg/dL.(19) The normal
range of blood magnesium level is 1.82 to 2.30
mg/dL and that of blood iron level 60 to 170 µg/
dl. (20,21) Serum mercury, aluminum, and lead levels
in healthy individuals are expected to be less than
10 µg/L.(22-24) In addition, arsenic is expected to
be less than 10 µg/dL in healthy individuals.(25)

Ethical considerations
Ethics committee approval of this study,

which was planned in accordance with the
Helsinki Principles, was obtained from Ondokuz
Mayýs University (2018/211).
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Statistical analysis
Statistical analysis of the obtained data was

made with the IBM SPSS 25.0 package
program. Descriptive statistics of all data were
made and presented in the text as mean and
standard deviation (X±SD). The Shapiro-Wilk
test was used for normality tests of the data and
parametric tests were applied since all data
showed a normal distribution (p>0.05). The
differences between the mean of the variables of
AG and CG obtained before and after the
tournament were determined by independent
samples t-test. The p<0.05 level was accepted
as significant in all statistical calculations.

RESULTS

As a result of this study, the findings obtained
from AG and CG are given in the tables below.
In Table 1 age, height, and weight values were
not significantly different as a result of the
intergroup comparisons of AG and CG made at

the 95% confidence interval before the
tournament (p>0.05). Therefore, it can be said
that AG and CG have similar or homogeneous
properties. On the other hand, the Mg level of
AG was significantly higher than that of CG
(p<0.05). In addition, Fe and Hg levels in AG
were significantly lower than in CG (p<0.05).
However, although there was a decrease and/
or increase in some values of the remaining
variables of AG and CG, these changes were
not significant (p>0.05).

In Table 2 as a result of the intergroup
comparisons of AG and CG at the 95%
confidence interval after the tournament, the Mg
level of AG increased significantly compared to
CG (p<0.05). In addition, a significant decrease
was found in the Hg variable of AG compared
to CG (p<0.05). On the other hand, although
there was a decrease in some values and an
increase in other values of the remaining variables
of CG and post-tournament AG, these changes
were not at a significant level (p>0.05).

Characteristics Control group (n=11) Athlete group (n=17) p value 
Age (years) 
Height (cm) 
Weight (kg) 
Magnesium (mg/dL) 
Iron (µg/dL) 
Arsenic (µg/L) 
Lead (µg/dL) 
Aluminum (µg/L) 
Mercury (µg/L) 
Zinc (µg/dL) 

22.45±1.97 
177.09±3.39 
73.91±9.63 
1.90±0.11 

89.82±12.44 
4.08±0.33 
3.14±1.45 
5.62±1.59 
1.06±0.56 

97.00±8.67 

21.24±1.79 
175.82±5.67 
68.94±9.95 
2.04±0.15 

72.12±23.33 
4.18±0.75 
3.21±2.26 
5.07±3.11 
0.39±0.41 

98.00±15.76 

0.100 
0.510 
0.200 
0.011 
0.030 
0.700 
0.930 
0.600 

0.000* 
0.850 

 

Table 1. Distribution of several characteristics and metal levels in the athlete
and control groups before the tournment

Note : Data presented as Mean±SD

Substance group Control group (n=11) Athlete group (n=17) p value 
Magnesium (mg/dL) 
Iron (µg/dL) 
Arsenic (µg/L) 
Lead (µg/dL) 
Aluminum (µg/L) 
Mercury (µg/L) 
Zinc (µg/dL) 

1.90±0.11 
89.82±12.44 

4.08±0.33 
3.21±2.26 
5.62±1.59 
1.06±0.56 

97.00±8.67 

2.12±0.10 
91.76±35.20 

4.13±0.82 
3.19±2.04 
5.62±4.39 
0.41±0.39 

104.59±14.19 

0.000* 
0.860 
0.860 
0.940 
0.650 
0.000* 
0.120 

 

Table 2. Comparison of mean serum levels of several metals in the athlete and
control groups after the tournament

Note: Data presented as Mean±SD
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In Table 3, as a result of the intra-group
comparisons of the AG before and after the
tournament at the 95% confidence interval, a
significant increase was observed in the Mg and
Fe variables after the tournament compared to
the pre-tournament values (p<0.05). However,
although there was a decrease in some values
and an increase in other values of the remaining
variables after the tournament compared to the
values before the tournament, the changes were
not at a significant level (p>0.05). According to
the results obtained, it is seen that the values of
Hg, As, Pb, Zn, Al, Fe, and Mg are within the
international reference ranges.

DISCUSSION

Although there were studies on the chemical
analysis of artificial turf fields and the crumb
rubber used in their production, no studies have
been found on the toxicological effects of metal
levels in the peripheral tissues of athletes using
artificial turf fields. For this reason, we foresee
that our study findings will make important
contributions to the literature on this topic.

In our study, it was found that the AG post-
tournament peripheral Mg levels increased
significantly compared to pre-tournament values
and CG (Tables 3 and 4). When the levels of
these measured elements are examined, it can
be argued that there is no toxic effect considering
that they are in the normal range. Crumb rubber
from synthetic sites has been reported to contain
Mg.(8,9) In this direction, the first mechanism we
will suggest for the increased Mg levels in field
hockey players is that Mg in the crumb rubber

Table 3. Comparison of mean serum levels of several metals in the AG group
before and after the tournament

Substance group Pre-tournament levels Post-tournament levels p value 
Magnesium (mg/dL)  2.04±0.15 2.12±0.10 0.010* 
Iron (µg/dL)  72.12±23.33 91.76±35.20 0.000* 
Arsenic (µg/L) 4.18±0.75 4.13±0.82 0.700 
Lead (µg/dL) 3.21±2.26 3.19±2.04 0.870 
Aluminum (µg/L) 5.07±3.11 5.62±4.39 0.650 
Mercury (µg/L) 0.39±0.41 0.41±0.39 0.630 
Zinc (µg/dL) 98.00±15.76 104.59±14.19 0.180 

 Note: Data presented as Mean±SD; AG: athlete group

content may cause an increase in peripheral Mg
levels of field hockey players through respiration.
We also suggest that there may be another
mechanism triggering the increase in peripheral
Mg level of AG. This is because, besides its
functions such as contraction of muscles in the
body, conversion of carbohydrates into energy,
and transmission of impulses between nerve cells,
Mg is also responsible for maintaining the
necessary biochemical processes for removing
toxic metals from the body and suppressing
oxidative stress.(26) In addition, Mg levels were
found to increase in case of toxicity caused by
high bilirubin levels.(27) Thus, it can be said that
the fact that AG did a total of 7 competitions
(525 minutes), including one high-intensity
competition (75 minutes) every day,(28,29) caused
an increase in serum Mg values.(30) Already, our
study findings and the data in the literature
suggested that high Mg levels in field hockey
athletes play a role in the maintenance of the
necessary biochemical processes in removing
toxic metals from the body and suppressing
oxidative stress. This evaluation was also
supported by our findings regarding the increased
post-competition Mg levels that were obtained
in our study.

In our study, post-tournament peripheral
Fe values of AG were found to be significantly
higher than their pre-tournament values (Table
4), while peripheral Fe values were found to
be higher, although not significantly, when
compared with the Fe values of CG (Table 3
and 4). In addition, it was remarkable that
peripheral Fe values of AG were significantly
lower than CG before the tournament (Table

Univ Med                                                                                                                                                             Vol. 42 No. 3
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On the other hand, although not statistically
significant, it was determined that the mean
peripheral Al, Hg, and Zn values of AG after the
tournament increased compared to the values
before the tournament (Table 4). However, when
compared to CG, the high As and Pb levels in
field hockey players were not significant (Tables
3 and 4).

It can be stated that the parameters
measured at the blood level in the current studies
constitute a limitation for comparing our findings
in the artificial turf field. Due to budgetary
constraints, only blood metal levels were
examined in our study. In the literature, it was
recommended to evaluate the blood and urine
levels together, especially in determining the Hg
contact. In this context, not analyzing the levels
of these metals in biological samples such as
urine, saliva, and sweat constituted an important
limitation. However, it is thought necessary to
examine both toxic substances and acute and
chronic toxicity markers in biological samples
such as blood, urine, saliva, and sweat of male
and female athletes, in which a larger number of
participants from different sports branches and
different age groups will compete on synthetic
fields.

CONCLUSION

According to our study, the values of Hg,
As, Pb, Zn, Al, Fe, and Mg are within the
international reference ranges. When the levels
of these measured elements are examined, it can
be argued that there is no toxic effect considering
that they are in the normal range.
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2). Studies had reported that Fe is included in
more than 60 elements that can have toxic
effects.(31) Accordingly, it had been stated that
Fe may have neurotoxic effects (32) and that
when Fe is present in excess in cells and tissues,
it may cause oxidative stress by disrupting
redox homeostasis.(33) It had also been
reported that crumb rubber contains Fe, other
than Mg.(8,9) Because of all these, it had been
reported that overexposure to Fe may be a
potential biohazard.(34) In this direction, it was
thought that Fe in the content of crumb rubber
may cause an increase in peripheral Fe levels in
field hockey players.(35-37) In addition, this
increase in serum Fe concentration was thought
to be due to erythrocyte fragmentation and
hemolysis during physical exercise and circulatory
stress.(38-40) These reasons can explain the
increase in peripheral Fe levels of AG after the
tournament, and accordingly, it can be said that
cellular damage due to Fe toxicity may occur in
individuals exposed to artificial turf for extended
periods of time, such as field hockey players.
It was observed that both the peripheral Hg
values of AG before and after the tournament
were significantly lower than the peripheral Hg
values of CG (Tables 3 and 4). It is known that
sweating plays an important role in the
detoxification of harmful elements.(41) It has also
been noted that mercury may be eliminated
through sweat, and it has been suggested that
“sweating should be the first and preferred
treatment for patients with high mercury urine
levels”.(22) Similarly, in a systematic review by
Sears et al.(41) the authors reported that a
significant part of the mercury acquired through
exposure can be excreted through sweat. In
addition, in one case of a severely poisoned
worker, it was stated that the mercury level in
the sweat returned to normal with daily sweating
and physiotherapy application for a few months,
and the patient recovered. According to these
explanations, the fact that the peripheral Hg
levels of AG in our study decreased compared
to the control group, supports the literature, and
may be due to sweating during the competitions.
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