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Abstract Many trace heavy elements are carcinogenic and
increase the incidence of cancer. However, a comprehensive
study of the correlation between multiple trace elements and
DNA oxidative damage is still lacking. The aim of this study
is to investigate the relationships between the body burden of
multiple trace elements and DNA oxidative stress in college
students in Guangzhou, China. Seventeen trace elements in
urine samples were determined by inductively coupled
plasma-mass spectrometry (ICP-MS). Urinary 8-hydroxy-2′-
deoxyguanosine (8-OHdG), a biomarker of DNA oxidative
stress, was also measured using liquid chromatography tan-
dem mass spectrometer (LC-MS/MS). The concentrations of
six essential elements including manganese (Mn), copper
(Cu), nickel (Ni), selenium (Se), strontium (Sr), and molyb-
denum (Mo), and five non-essential elements including arse-
nic (As), cadmium (Cd), aluminum (Al), stibium (Sb), and
thallium (Tl), were found to be significantly correlated with
urinary 8-OHdG levels. Moreover, urinary levels of Ni, Se,
Mo, As, Sr, and Tl were strongly significantly correlated with
8-OHdG (P<0.01) concentration. Environmental exposure
and dietary intake of these trace elements may play important

roles in DNA oxidative damage in the population of
Guangzhou, China.

Keywords Trace elements . 8-hydroxy-2′-deoxyguanosine .

Urine . Oxidative stress

Introduction

Many trace elements exist in the environment, in foodstuff
and in human body fluids with levels from nanograms per
gram to micrograms per gram (Lu et al. 2015; Jiang et al.
2015; Esteban-Vasallo et al. 2012). Humans are exposed to
these trace elements mainly through air inhalation, food in-
take, and water consumption in their daily lives. According to
their various functions in the human body, trace elements can
be divided into essential and non-essential (Fraga, 2005).
Many studies have focused on non-essential trace elements,
even at low concentrations, can lead to adverse health effects
in humans, such as arsenic (As), cadmium (Cd), lead (Pb),
mercury (Hg), and stibium (Sb) as these toxic elements (Lu
et al. 2015; Lin et al. 2015; Yu et al. 2012; Görür et al. 2012).
Although essential trace elements, such as iron (Fe), zinc (Zn),
copper (Cu), manganese (Mn), and molybdenum (Mo) are
necessary to maintain normal physiological functions, exces-
sive intake can damage various organ systems and lead to
adverse health effects (Magge et al. 2013; Zoni and Lucchini
2013). For example, it has been reported that high concentra-
tions of Mo can negatively affect semen quality (Meeker et al.
2008). Therefore, both essential and non-essential trace ele-
ments should be controlled at safe concentrations.

Occupational and environmental exposure to trace heavy
elements can generate reactive oxygen species (ROS) in the
human body. When heavy metals enter the body, they can
react with DNA leading to permanent mutations (Stohs and
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Bagchi 1995). Urinary 8-hydroxy-2′-deoxyguanosine (8-
OHdG, also named 8-oxo-7, 8- dihydro-2′- deoxyguanosine),
a residue of DNA damage, is mainly excreted through urine
without further metabolism and is widely used as a biomarker
for assessing the extent of DNA oxidative damage and stress
due to its high measurement sensitivity in easily collected
urine samples (Chen et al. 2005). Many studies have shown
that oxidative DNA lesions play an important role in the inci-
dence of cancer (Shi et al. 2004).

The Pearl River Delta (PRD), located in south China, is one
of the most commercialized and industrialized regions in
China. Guangzhou, the central city of the PRD, had more than
20 million residents and two million motor vehicles in 2013.
Rapid economic growth and high motor vehicle quantity led
to serious environmental pollution, especially air pollution
caused by heavy traffic (Duzgoren-Aydin et al. 2006; Zhang
et al. 1999; Li et al. 2013). Several studies have focused on
environmental pollutants and their effects on the human body
in Guangzhou (Li et al. 2015a, b; Tan and Duan 2013). Some
reports indicated that the people in Guangzhou had high ex-
posure levels to polycyclic aromatic hydrocarbons, benzene,
and toluene, and there were significant dose-effects between
the exposure levels and 8-OHdG concentrations (Li et al.
2015a, b). A previous study suggested that young individuals
were more susceptible to chemicals and absorbed and accu-
mulated more heavy metals than adults (Szymańska-
Chabowska et al. 2009). However, to the best of our knowl-
edge, no comprehensive study on the correlation between the
human body burden of trace elements and oxidative DNA
damage in this region has been reported. Thus, it is necessary
to determine the burden of trace elements and its health
effects in young individuals in Guangzhou, China.

In this study, 53 college students from Guangzhou, China
were recruited and we aimed (1) to investigate the levels of the
ten essential trace elements: chromium (Cr), Mn, Fe, Cu,
stannum (Sn), cobalt (Co), nickel (Ni), selenium (Se), stron-
tium (Sr), andMo, and seven non-essential trace elements: As,
Cd, Hg, Pb, aluminum (Al), Sb, and thallium (Tl) in their
urine; (2) to investigate the associations between urinary
levels of trace elements and oxidative DNA damage by
measuring 8-OHdG.

Materials and methods

Chemicals and reagents

Ultra-pure analytical grade concentrated nitric acid (68%) and
methanol were purchased from Merck (Merck Chemicals,
Co., Ltd., USA). Standard solutions of ten essential trace ele-
ments (Cr, Mn, Fe, Cu, Sn, Co, Ni, Se, Sr, and Mo) and seven
non-essential trace elements (As, Cd, Hg, Pb, Al, Sb, and Tl)
were obtained from the National Center of Analysis and

Testing for Nonferrous Metals and Electronic Materials
(NCATN) (Beijing, China). A mixed tuning solution contain-
ing Co, Tl, ytterbium (Yb), cerium (Ce), and lithium (Li) at a
concentration of 1.0 μg/L was purchased from Agilent
(Agilent Co., Ltd., USA). An internal standard solution con-
taining scandium (Sc), germanium (Ge), rhodium (Rh), and
rhenium (Re) was also obtained from NCATN (Beijing,
China). 8-OHdG was purchased from Sigma (St. Louis,
MO, USA). 15N5-8-hydroxy-2′-deoxyguanosine (15N5-8-
OHdG, 15N5 purity 98 % and 95 % chemical purity) was from
Cambridge Isotope Laboratory (Andover, MA, USA). Glacial
acetic acid (HAC), sodium acetate (NaAC), and KH2PO4

(HPLC grade) were purchased from Fisher Scientific
(Houston, TX, USA). Solid phase extraction (SPE) cartridges
(Bond Elut C18, 500 mg/6 mL) were obtained from Agilent,
Santa Clara, CA, USA. An Xpera-C18 column (5 μm,
4.6×250 mm, Waters, Milford, MA,) was used to separate
urinary 8-OHdG. The water used in this study was generated
from a Millipore pure water system (Millipore Co., Ltd.,
Billerica, MA, USA). Ultra-pure grade argon (99.999 %)
was used as the carrier gas in the trace element analysis.

Study subjects and sample collection

Sample collection was carried out in November, 2011. Fifty-
three college students aged 20 to 26 years from a university in
Guangzhou, China were recruited. Of these subjects, 37 were
male and 16 were female. Before sample collection, each par-
ticipant was asked to complete a questionnaire which included
personal information regarding age, gender, weight, stature,
dietary habits, smoking habits, and alcohol consumption.
Detailed demographic data of the subjects are presented in
Table 1.

Spot urine samples were collected in polyethylene bottles
which had been cleaned with de-ionized water and 0.1 M
hydrochloric acid. After collection, samples were taken to
the laboratory within 2 h and urinary creatinine concentration
in each sample was determined by the Jaffée method (Taussky
1954). The samples were then stored at −20 °C until sample
pretreatment and instrumental analysis.

Table 1 Personal information of subjects in this study

Total number 53

Males 37 Smokers 19

Females 16 Non-smokers 34

Age (year) 22.8 Alcohol consumption 14

Stature (cm) 167.6 Non-alcohol consumption 39

Weight (kg) 58.2 Barbecue consumption 19

Mean creatinine (mmol/L) 10.3 Non-barbecue consumption 34
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Sample pretreatment and instrumental analysis

For trace element analysis, 1.0 mL of urine sample was trans-
ferred into a Teflon vessel and acidified with 0.5 mL of nitric
acid. The vessel was then capped and placed in a thermostatic
oven at 100 °C for 3 h. After digestion, the solution was
transferred to a 10-mL polyethylene flask and diluted to the
final volume with ultra-pure water. The final solution was
analyzed for trace elements using an Agilent 7700× inductive-
ly coupled plasma mass spectrometer (ICP-MS). The opti-
mized instrumental parameters are listed in Table 2.

For 8-OHdG analysis, urine samples were prepared and
analyzed as detailed in our previous reports with slight mod-
ifications (Li et al. 2015a). In brief, 2 mL of urine sample was
spiked with 15N5-8-OHdG to the level of 10 μg/L, and then
3 mL of sodium acetate buffer was added. Then 8-OHdG was
extracted using SPE cartridges. The extracts were concentrat-
ed to 100 μL in methanol and analyzed using a 20A HPLC
(Shimadzu, Japan) coupled with an API Q-Trap 5500 mass
spectrometer (AB, SCIEX, USA). 8-OHdG was quantified by
its own isotope labeled internal standard.

Quality assurance (QA) and quality control (QC)

Instead of glassware, Teflon or plastic containers were used
in the experiments to avoid potential contamination of trace
elements. Calibration standard solutions of the trace ele-
ments were prepared with 1 % of nitric acid and ranged
from 0.002–0.500 μg/L for Co, Se, Sn, Hg, and Tl,
0.005–3.000 μg/L for Cd, 0.010–50.00 μg/L for Mn,
0.030–3.500 μg/L for Cr, Sb, and Pb, 0.100–4.000 μg/L
for Ni and Cu, and 0.100–50.00 μg/L for Al, Fe, Sr, Mo,
and As, respectively. The calibration standard solution of 8-
OHdG ranged from 0.100 to 10.00 μg/L and was prepared
in methanol. The regression coefficients (r2) of the

calibration standard solutions for the 17 trace elements
and 8-OHdG were all greater than 0.999. Internal standard
solutions were used to check the signal response and drift.
Moderate standard solutions of trace elements and 8-OHdG
were analyzed during each batch of ten samples to investi-
gate the stability of detector response and confirm that the
relative standard deviation was less than 10 %. Urine sam-
ples were spiked with standard solution at two levels (2 and
10 μg/L) for trace elements and 8-OHdG and recoveries in
the present study were between 85 and 105 %. A solvent
blank was analyzed per ten samples to check for potential
contamination.

Statistical analysis

Concentrations of trace elements and 8-OHdGwere expressed
as micrograms per liter urine or adjusted for creatinine and
expressed as micrograms per gram creatinine. Statistical anal-
ysis was performed using SPSS (IBM, version 20.0, NY,
USA). A concentration below the limit of quantification
(LOQ) was given a value of half the LOQ instead of zero.
Mann–Whitney U was carried out to detect significant differ-
ences in geometric means for different variables. The
Spearman non-parametric method (two tailed) was used to test
the associations between urinary trace elements and 8-OHdG
concentrations. The level of significance was set at P<0.05.

Results and discussion

Concentrations of urinary trace elements and 8-OHdG

The concentrations of trace elements and 8-OHdG in urine
samples are listed in Table 3. Large variations in the concen-
trations of trace elements were observed. The essential trace
elements, Mn, Fe, Cu, Co, Se, Sr, andMo, were detected in all
urine samples, and their median concentrations were 1.421,
25.92, 12.90, 0.1800, 16.79, 181.1, and 76.10 μg/L, respec-
tively. Cr, Sn, and Ni were detected only in some of the urine
samples and their median concentrations were 1.031, 0.2960,
and 6.353 μg/L, respectively.

The non-essential trace elements were detected in all urine
samples with the exception of Cd. The median concentrations
were 35.69, 0.464, 3.737, 48.43, 0.194, and 0.439 μg/L for
As, Hg, Pb, Al, Sb, and Tl, respectively. Cd was found in
some urine samples and the median concentration was
0.554 μg/L. Of these elements, Al was the most abundant,
followed by As.

The concentration of urinary 8-OHdG in all studied sub-
jects ranged from 1.280 to 26.40 μg/L, with a median con-
centration of 9.195 μg/L. No significant difference in uri-
nary 8-OHdG level was observed between male and female
subjects (P> 0.1).

Table 2 Optimized parameters of the inductively coupled plasma mass
spectrometer (ICP-MS)

RF power 1500 W

RF matching 1.5 V

Material of sampling cone Nickel skimmer

Sampling depth 10.0 mm

Flow rate of carrier gas 1.0 L/min

The plasma flow velocity 15 L/min

Analysis of the pump speed 0.10 r/s

Atomizer Concentric nebulize

Atomizing chamber Quartzitic Dual Channel; the
temperature of Piltier
semiconductor was
controlled at 2 ± 0.1 °C

Torch Integration of silica-shield torch

Online internal standard Sc, Rh, Bi
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Profile concentrations of urinary trace elements
and potential sources

Of the essential trace elements, Sr was the most abundant,
with concentration 2 to 3 orders of magnitude higher than
those of Mn, Co, Cr, Sn, and Ni. In addition, the levels of
Fe, Cu, and Se were also high, indicating a relatively higher
intake dose in the studied subjects. As most of these were
essential trace elements, dietary intake may be the main route
for meeting the necessary requirements in humans (Jiang et al.
2015).

The concentrations of Al and As were significantly
higher than those of other non-essential trace elements. It
is well known that Al is a low-toxicity element and alumi-
num additives are commonly used in the processing of
flour products, puffed food, and seafood (Saiyed and
Yokel 2005; Yang et al. 2014). Many Chinese people like
to eat twisted cruller (Chinese style) and jellyfish, which
are prepared using aluminum additives (Yang et al. 2014).
Intake of these foods may result in a relatively high level of
urinary Al. Although Al is thought to have low toxicity,
excessive intake can lead to adverse effects in the nervous
system, immune system, and reproductive system (French
et al. 1989; Nayak and Chatterjee 2001; Krewski et al.
2007). Many studies have suggested that excessive intake
of Al is associated with Alzheimer’s disease (Campbell
2002; Gupta et al. 2005). Arsenic is one of the most toxic
metalloid metals, which occurs in both inorganic and

organic species (Lin et al. 2015; Jomova et al. 2011), and
has attracted increased attention in recent years due to its
carcinogenic and other toxic properties (Gilbert-Diamond
et al. 2011). Thus, the risk of Al and As intake in college
students in Guangzhou should be investigated further.

Comparison of urinary trace elements with published data

As urinary trace element levels reflect exposure to the
corresponding trace elements from all possible routes,
biomonitoring of these levels is a useful tool to assess
their health risk in humans. In order to further investigate
the urinary levels of trace elements in college students in
Guangzhou, a comparison of the concentrations of trace
elements in the present study with those published in the
literature was conducted, and the results are documented
in Table 4. As shown in Table 4, the concentrations of
most essential trace elements in college students in
Guangzhou in the present study were comparable to those
reported in other studies with the exception of Cr, Sr, Ni,
and Mo.

Several reports showed that levels of urinary heavy ele-
ments varied according to age and gender besides environ-
ments and life habits (Lee et al. 2012; Roca et al. 2016).
Due to the specific behavior and undeveloped metabolism
system, children are always more sensitive to pollutants than
adults, including heavy metals and PAHs (Roca et al. 2016; Li
et al. 2015b). Furthermore, the difference levels of urinary

Table 3 Concentrations of
urinary trace elements and 8-
OHdG for college students in
Guangzhou, China (n = 53)

Analytes Range Mean Median LOQ %>LOQ

μg/L μg/g crt. μg/L μg/g crt. μg/L μg/g crt. μg/L

Cr <LOQ-8.272 <LOQ -13.40 1.732 2.018 1.031 1.155 0.072 45.2

Mn 0.368–11.86 0.231–28.61 2.113 2.691 1.421 1.575 0.129 100

Fe 2.126–543.1 3.028–1018 44.76 60.56 25.92 26.65 0.100 100

Cu 5.116–46.14 1.316–117.3 16.17 17.99 12.90 13.33 0.574 100

Sn <LOQ–4.979 <LOQ–3.331 0.458 0.456 0.296 0.296 0.072 96.2

Co 0.029–1.884 0.024–4.580 0.348 0.465 0.1800 0.183 0.005 100

Se 2.055–61.82 0.928–117.2 22.00 22.18 16.79 18.35 0.034 100

Sr 11.66–800.5 3.487–2008 218.2 237.4 181.1 172.8 0.147 100

Ni 0.484–29.16 0.401–73.38 8.146 9.837 6.353 5.430 0.480 100

Mo 5.646–385.2 1.445–352.5 95.81 94.23 76.09 69.03 0.004 100

As 5.230–423.2 1.541–1041 54.41 69.04 35.69 31.98 0.016 100

Cd <LOQ–8.529 <LOQ–8.955 1.076 1.014 0.554 0.684 0.017 98.1

Hg 0.174–64.89 0.047-25.02 1.584 1.142 0.464 0.527 0.008 100

Pb 0.173–46.45 0.214–126.2 5.782 7.021 3.737 3.083 0.170 100

Al 23.14–3205 7.265–2697 112.2 120.1 48.43 62.49 7.12 100

Sb 0.057–11.89 0.032–13.40 0.407 0.481 0.194 0.186 0.050 100

Tl 0.056–1.401 0.038–3.234 0.510 0.590 0.439 0.426 0.007 100

8-OHdG 1.280–26.40 0.543–66.20 12.83 14.86 9.195 11.04 0.200 100
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heavy metals between man and women might come from
working spots and life habits in most cases, such as smoking
(Lee et al. 2012). In our study, because all the recruited sub-
jects are college students and the limitation of sample number,
the samples were not divided into groups according to gender
and ages.

In the present study, the median concentrations of Cr
and Ni were 1.031 and 6.353 μg/L, respectively, which
were much higher than those in the USA and Europe. As
industrial materials, Cr and Ni can be released into the
environment during the use of products containing these
elements. Humans can be exposed to these trace elements
by consuming contaminated water and foodstuff. The high
levels of Cr and Ni in urine samples in college students in
Guangzhou may be attributed to industrial processes. A
previous study suggested that sediments collected from
the Pearl River were significantly contaminated by Cr
and Ni (Chen et al. 2012).

Sr is essential for the human body. However, excessive
intake of Sr can lead to disease. Recently, a study investi-
gated the urinary levels of Sr in breast cancer patients in
Guangzhou, China, and a strong positive correlation was
found between urinary Sr and the incidence of breast can-
cer in women. The urinary levels of Sr were 230.7 μg/L
and 163.8 μ/L in breast cancer patients and controls, re-
spectively (Tan and Duan 2013). These levels were com-
parable to those in our study (median 218.2 μg/L) but were
much higher than those observed in the inhabitants of
Germany (range 10–77 μg/L) (Heitland and Köster
2006). As only urinary levels of Sr were investigated and
no intake data regarding different routes were available,
more researches on dietary intake and environmental ex-
posure routes to Sr should be carried out to comprehen-
sively assess the exposure risk of Sr for the inhabitants in
this area.

Pb is one of the most toxic heavy metals. Generally, Pb
enters the human body via air inhalation, food intake, and
water consumption. It can accumulate in bone and is re-
leased into the blood and other tissues when the capacity of
bone is exceeded. In the present study, the urinary concen-
tration of Pb was approximately two times higher than that
in the USA, indicating a relatively higher exposure burden
in our study subjects. It was reported that the level of at-
mospheric Pb in Guangzhou was high and was mainly due
to the exhaust from heavy traffic (Halliwell and Gutteridge
2007). Although the Chinese government introduced the
use of unleaded petrol instead of leaded petrol in 2000,
there are still large numbers of vehicles using diesel in
Guangzhou, particularly trucks. As the central city of the
PRD, Guangzhou is also the largest logistics center and
port city in south China. Emission from vehicles with die-
sel engines, especially container trucks, may contribute to
high Pb exposure in Guangzhou.T
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Relationship between urinary trace elements and 8-OHdG

The correlations between individual urinary trace elements
and 8-OHdG were analyzed using the Spearman test (two
tailed) (shown in Table 5). For the essential trace elements,
the levels of Mn, Cu, Ni, Se, Sr, and Mo were positively
correlated with 8-OHdG concentration in urine (P<0.05),
and the correlation coefficients were 0.278, 0.323, 0.354,
0.415, 0.432, and 0.474, respectively. Of these elements, Se,
Sr, and Mo correlated significantly with the urinary 8-OHdG
level (P<0.01). However, no significant correlations were
found between urinary 8-OHdG and Cr, Fe, Sn, or Co con-
centrations (P>0.05). The levels of non-essential trace ele-
ments, i.e., As, Cd, Al, Se, and Tl correlated significantly with
the urinary 8-OHdG level (P<0.05). However, Hg and Pb did
not correlate significantly with the 8-OHdG level (P>0.05).
These results indicated that the elements which showed a
good correlation with 8-OHdG may play an important role
in the formation of 8-OHdG in urine. Our results regarding
the significant correlations between Cd, Ni, and 8-OHdGwere
in accordance with other studies (Valavanidis et al. 2009;
Komatsu et al. 2009).

Many studies have confirmed that trace elements can inter-
act with nuclear proteins or DNA in the human body to cause
oxidative stress in biological macromolecules (Valko et al.
2005; Jomova and Valko 2011; Valko et al. 2007). Previous
studies have suggested that Cu and Al can increase urinary 8-
OHdG level due to the redox-cycling reactions (Jomova and
Valko 2011; Valko et al. 2007) and these redox-active metals
may undergo a series of cycling reactions to transfer electrons
between metals and substrates and then produce deleterious
free radicals causing DNA damage (Prousek 2007). Arsenic is
thought to bind directly with critical thiols and is widely con-
sidered an important factor in increasing 8-OHdG level (Valko
et al. 2007). The existence of this type of metal could produce
more 8-OHdG (Kumar et al. 2009; Filipič and Hei 2004).
Although the specific mechanisms in the toxicity and carcino-
genicity of these metals are unknown, their toxicity and car-
cinogenicity have been widely accepted (Al-Saleh et al. 2014;
Cavallo et al. 2002; Nowicka et al. 2014; Valko et al. 2006).

Conclusion

Various trace elements and 8-OHdG were determined in urine
samples collected from college students in Guangzhou, China.
Individual trace elements, such as Ni, Se, Mo, As, Sr, and Tl,
were significantly correlated with urinary 8-OHdG (P<0.01).
Environmental and food exposure routes may be important
factors in biomonitoring results and can lead to higher oxida-
tive damage of DNA. More subjects should be recruited and
other exposure routes should be controlled to consolidate
these conclusions in future studies. T
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