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INTRODUCTION

Cancer is one of the biggest
health problems all over the world
and breast cancer is the most com-
mon cancer type in women. For
many years, despite continuous
research into many types of cancer,
no definitive results in terms of
treatment have been achieved and
the number of deaths remains
almost the same (1). However, the
increasing number of cancer cases
treated can be attributed to
improvements in diagnosis. About
23% of cancer cases recorded
worldwide are breast cancer (2). It
is well known that various diseases
are related to the proportional dis-
tribution of different elements (3,
4). They play important roles in the
structural stability and metabolism
of both nucleic acids and proteins,
in addition to numerous metabolic
and physiological processes in the
body (5). Respiratory tract cancer
and some others including urinary
system, thoracic, skin, lung, central
nervous system, stomach, prostate
cancers and hemochromatosis in
humans were reported to have
been related to a deficiency or
excess of many elements including

Fe, Cu, As, Cr, Be, Cd, and Ni (6-8).
Using this imbalance, different diag-
nostic and/or treatment methods
for diseases can be developed.
While elements are indispensable
for biological structures, they might
be toxic for their biological func-
tions if their concentrations are too
high (9). Thus, imbalances of the
elements might affect some biologi-
cal processes and their concentra-
tions or ratios are associated with
many diseases inculding cancer,
autoimmune disease, renal failure,
and neurological disorders (10-12).

There are many studies in the
literature regarding the relationship
of elements and some cancer types.
Gecitet al. (9) reported that the Zn,
Mn, Co, Ni, and Cd levels increased
in blood serum of patients with
bladder cancer compared to a con-
trol group. Another study shows
that the Mg, Cu, and Zn levels in
the blood samples of lung cancer
patients are lower than in healthy
groups. The same study reported
that the Pb, Mn, and Co levels were
found to be higher in comparison
to the control group. In addition,
blood samples of lung cancer
patients showed a positive correla-
tion between Cd-Pb and Mn-Fe. In
addition, a negative correlation
between the Co and Mg levels was
found (13). Mohammadi and his
colleagues (14) reported that the
Cd, Pb, Hg, and Se concentrations
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in different parts of the breast can-
cer tissues did not show a signifi-
cant difference. In a bladder cancer
work, the levels of Zn in blood sam-
ples of cancer patients were found
to have increased (9). In another
study, the level of Zn in lung cancer
patients was also found to have
increased (13). Even though there
are already many studies that dis-
cuss the relationship between trace
elements and cancer, but more
needs to be done to establish possi-
ble correlations between the dis-
eases and the concentrations of the
elements. 

The main goal of this study was
to find possible differences in the
concentration of elements between
breast cancer patients and healthy
patients. For this purpose, the con-
centrations of Se, Cr, Mn, Zn, Co,
Na, and K were studied under opti-
mum conditions, and different para-
metric/non-parametric statistical
procedures were used in the evalu-
ation. 

EXPERIMENTAL 

Instrumentation

Analysis of the blood samples
was performed in the Central Labo-
ratory of Yildiz Technical University
using an Agilent 7700 ICP-MS with
ORS (octopole reaction system) and
a Shimadzu E-9000 ICP-OES. The
elements Se, Cr, Mn, Zn and Co
were determined using ICP-MS,
while ICP-OES was used to deter-
mine Na and K. The octopole reac-
tion system with a collision-reaction
cell contains an octopole ion guide
in a stainless steel vessel pressur-

ized with helium gas and was used
throuhgout the study. Collision
reaction cell is the technology to
lessen the interference effects origi-
nating from polyatomic species
(15). 

For sampling, the ICP-MS was
used with the Agilent ASX 500
Series autosampler, which was con-
trolled by a computer. All system
parameters such as sampling
depth?, horizontal/vertical position
of torch, and nebulizer argon flow
rate were optimized to achieve
high sensitivities for the analytes of
interest. Sensitivity of the ICP-MS
was optimized before each set of
analyses, and a new optimization
was performed in the case of any
reduction in sensitivities. The ICP-
MS and ICP-OES operating settings
are listed in Tables I and II. The
detection power of ICP-OES was
sufficient to determne Na and K.
Hence, these two analytes were
determined using ICP-OES under
the optimum conditions. In order
to measure Se, Cr, Mn, Zn and Co at
tarce levels, ICP-MS was applied
under the optimum conditions. 

The blood samples were
digested in a closed vessel
microwave digestion system (Mile-
stone Start D), equipped with an
industrial magnetron (single mag-
netron system with pyramid-shaped
diffuser for homogeneous microwave
distribution in the cavity). 

Reagents and Stock Solutions

All chemicals used throughout
this study were of analytical grade
or high purity. Ten percent (v/v)

nitric acid solution was used to
clean the volumetric flasks. These
were rinsed with Milli-Q® deionized
water (Millipore Corporation, USA)
thoroughly and dried. Stock solu-
tions of Co, Se, Cr, Mn, Zn, Na, and
K were prepared daily by taking the
appropriate multi-element calibra-
tion standard (Agilent Tecnologies,
10.00 µg/mL) in deionized water.
The deionized water was used for
all dilutions and the rinsing and
cleaning procedures. In the ICP-MS
system, high-purity argon gas was
used to produce the plasma. Nitric
acid (HNO3, 65% Merck, Germany),
hydrogen peroxide (H2O2, 30%,
Merck) and deionized water were
used in the sample preparation for
the microwave digestion system. 

Population Studied 

This research was initiated and
performed in accordance with the
guidelines of the ethics committee
of the Medical Faculty of Ataturk
University. Eighty individuals, who
applied for this study voluntarily to
the Medical Oncology Policlinic of
Department of Internal Medicine in
Ataturk Medical Faculty, were ran-
domly enrolled. A signed consent
form was obtained from all partici-
pants in accordance with the
research approval of Atatürk Uni-
versity/ Faculty of Medicine Ethics
Committee. The 80 individuals con-
sisted of 40 healthy and 40 breast
cancer patients. The individuals
stated that to their knowledge they
had no other diseases that might
affect the levels of element concen-
trations for this study. All breast
cancer patients in the study were
diganosed with invasive carcinoma.

Sample Procedure

In this study, all analyses were
performed with 80 blood samples
of which 40 patients had breast
cancer and 40 were healthy
persons as the control group. The
blood samples were digested in a
microwave oven before the analy-
sis. For the digestion of each sample,

TABLE I
ICP-MS Operating Conditions   

RF Power 1550 W
RF Matching 1.80 V
Sample Depth 8.0 mm
Carrier Gas 1.07 L/min
NebulizerPump 0.10 rps
S/C TEMP 2.0 oC

TABLE II
ICP-OES Operating Conditions 

RF Power 1200 W
PlasmaGas 10 L/min
AuxiliaryGas 0.60 L/min
Carrier Gas 0.70 L/min
Exposure Time 30 Sec
PPR Speed 20/60 rpm
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a mixture of 2.0 mL H2O2  / 6.0 mL
HNO3 was used under the optimum
conditions. After the digestion,
each sample’s volume was com-
pleted to 25 mL volume with deion-
ized water and stored at 4.0 oC. 
The blank sample solutions were
prepared in the same way. The sam-
ple solutions were mixed for 15
minutes just before analysis with 
a shaker. Mass-based sample prepa-
ration was applied for the blood
samples; hence, the results were
expressed as parts per billion (ppb)
and parts per million (ppm).

Statistical Analysis 

In order to make statistical com-
parisons between the patients diag-
nosed with breast cancer and the
control group without cancer with
regard to the seven elements (Se,
Cr, Mn, Zn, Co, Na, and K), the Kol-
mogorov-Smirnov normality tests
were performed. These tests are
applied to decide which statistical
procedures should be used in the
process of searching the significant
differences between two indepen-
dent groups (patients and control).
The independent sample t test is
based on group means and widely
used to compare two normal dis-
tributed groups. The following two
hypotheses were tested at the 95%
confidence level: (a) H0: No differ-
ence was observed between the
two groups in terms of the value of
the trace element, and (b) Ha: Statis-
tical differences were observed
between the two groups in terms
of the value of the trace element.
When the calculated p-value is less
than 0.05, the H0 hypothesis is
rejected, and it can be concluded
that the two groups are statistically
different from each other. The
Mann-Whitney U test as a non-para-
metric alternative of the indepen-
dent sample t test is based on group
medians and is used when the
groups have non-normal distribu-
tions. The same hypotheses were
tested at the 95% confidence level.
In addition, Spearman’s rank corre-

lation test was performed in order
to find the relationship between 
the non-normal distributed elements.
This non-parametric test shows not
only the degree of correlation
between the elements, but also
gives the direction of relationships.

RESULTS AND DISCUSSION

The determination of Se, Cr, 
Mn, Zn, Co, Na, and K in the two
groups consisting of the cancer
patients and the healthy group was
performed under the optimum ICP-
OES and ICP-MS conditions. The
accuracy of the method was deter-
mined with a certified reference
material (CRM) NIST Apple Leaves
1515, (National Institute of
Standards and Technology,
Gaiterhsburg, MD, USA). The certi-
fied values of the CRM and the
experimental results are listed in
Table III. The obtained results were
within the confidence interval of
the CRM. The optimized method
was used to analyze the blood sam-
ples.

Table IV shows the descriptive
statistics of the different elements
belonging to the control and the
patient groups, and also the
hypothesis test results of the group
comparisons for each element.
When the mean values of the con-
centrations are taken into account,
it was observed that while Se and
Cr have a higher value in the
healthy group, Na and K have
higher values in the patient group.
No increase or decrease in Zn con-
centration was observed between
the two groups. In addition, Table
IV shows that the constructed H0
hypotheses for Se, Cr, and Na are
rejected at the 95% confidence
level, and that it could be stated

that statistical differences were
observed between the patients hav-
ing breast cancer and the healthy
group in terms of the Se, Cr, and Na
values. However, no evidence was
found to suggest the presence of
differences between the patients
having breast cancer and the con-
trol group in terms of Zn and K.  

The mean vaule of the Mn con-
centration for the healthy group
was found to be 18.68 ppb (24 of
40 samples) and 17.13 ppb for the
cancerous group (7 of 40 samples).
Mn was not detected in 33 cancer-
ous samples. Although it is clear
that there is a decrease in the con-
centrations of Mn in the breast can-
cer patients, there is not enough
data to apply statistical tests for the
Mn concentrations. In addition,
there were no Co concentrations
detected in both groups. Hence,
the statistical tests could not be
applied to the samples.

The results in Figure 1 show that
the Se concentrations decreased in
the blood samples from the breast
cancer patients. There are some
studies in the literature about the
elemental distribution for breast
cancer patients. Mohammadi et al.
(14) analyzed breast tissues and
found an increase in Se concentra-
tion. Accumulation of Se in the tis-
sues may have reduced its concen-
tration in the blood. There are vari-
ous meta-analysis studies about the
decrease of the element Mn in
breast cancer. The concentration 
of Mn was found to be lower in the
blood of patients with breast can-
cer which is consistent with the
work done by Shen et al. (16). Fig-
ures 2 and 3 show that there was a
decrease in Cr concentrations and
an increase in Na concentrations

TABLE III
Experimental Results of CRM for Se and Mn

NIST Apple Leaves 1515) CRM lValues (ppm) MeasuredValues (ppm)

Se 0.05±0.01 0.052±0.001
Mn 54±3 54.19±1.08
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for the breast cancer patients in
comparison to the healthy group,
respectively. A significant decrease
in Cr also coincides with the work
of Bursalioglu et al. (17). While the
work of Kolmogorov et al. (18)
reports an increase in Cr concentra-
tions in the hair samples of the
breast cancer patients, yet there
was a significant decrease of Cr in

the blood samples. The difference
between the concentrations is not
statistically significant for Zn and K
as seen in Table IV. On the other
hand, statistically significant differ-
ences were observed for Se, Cr, and
Na. Figures 1, 2, and 3 show that
the boxplots for the Se, Cr, and Na
concentrations are statistically sig-
nificant for the healthy and cancer-

ous groups. Each box represents
the distribution of the relevant ele-
ment concentrations of the 40
patients. This demonstrates that the
pattern for Na increases, while the
pattern for Se and Cr decreases for
the cancerous group. For breast
cancer patients, only two elements,
namely Zn and K, are correlated
with each other. The coefficient 

TABLE IV
Element Values via Statistical Test Results 

Element N        Mean±Std.Dev.   Kolmogorov-             Test              Test                      State of H0                    Decision
Smirnov Result Procedure         Value p-value Hypothesis (Differences)

Cr
(ppb) Control 22.19±22.17 0.000* Mann-Whitney U 407 0.000* Rejected Significant

Patient 12.21±26.74 0.000*
Se
(ppb) Control 91.68±25.57 0.004* Mann-Whitney U 231 0.000* Rejected Significant

Patient 50.56±12.06 0.000*
Zn
(ppm) Control 4.49±0.80 0.200 t Test -0.024 0.981 Not rejected Not significant

Patient 4.48±1.60 0.200
Na
(ppm) Control 1505.25±162.57 0.015* Mann-Whitney U 483 0.002* Rejected Significant

Patient 1591.98±376,95 0.000*
K
(ppm) Control 994.67±132.94 0.028* Mann-Whitney U 778.5 0.836 Not rejected Not significant

Patient 1018.28±272.16 0.000*

Note: (*) shows the significant test result, in other words non-normal distributed group in Kolmogorov-Smirnov test
and significant  difference in Mann-Whitney U test.

Fig. 1. Boxplot of the Se concentrations for each group. Fig. 2. Boxplot of the Cr concentrations for each group.
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N 40 40
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1,000Fig. 3. Boxplot of the Na concentrations for each group.

of correlation was found to be
0.457 and is statistically significant
(p-value=0.003), which means that
a positive linear relationship exists
between the elements Zn and K.
The correlation test results for all
elements are listed in Table V.

CONCLUSION

The concentrations of Se, Cr,
Mn, Zn, Co, Na, and K in the blood
from patients with breast cancer
and a control (healthy) group were
determined to find the variation in
element concentrations between
the patients and the healthy group
for possible prediagnosis. Consider-
ing the consistency of the element
concentrations in the blood sam-
ples, it is believed that elements are
really an important parameter for
blood analysis. The possible differ-
ences in the analyte concentrations
in total blood could be applied to
identify specific breast cancers.

Under the optimum conditions,
all samples of this study were ana-
lyzed for their elements of interest.
The differences were found statisti-
cally significant in Se, Cr, and Na
using the Mann-Whitney U test.
While the concentrations of Se and
Cr have a significant decreasing pat-
tern, the Na concentrations show
significant increasing patterns in

breast cancer patients compared to
the healthy group. In addition, a
positive correlation was found
between Zn and K. The coefficient
of correlation between Zn and K
was found to be 0.457 and statisti-
cally significant at the 95% confi-
dence interval. These variations and
correlations are compatible with
the direction of the aim of this
study. The results presented in this
study emphasize and underline the
possible relationship between the
concentration of certain elements
and breast cancer. It is recommen-
ded that further studies at the mole-
cular level be performed for a
better understanding of the carcino-
genic or protective effects of the
elements investigated above.
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