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Abstract Contents of 52 trace elements in intact prostate of
64 apparently healthy 13–60-year-old men (mean age
36.5 years) were investigated by inductively coupled plasma
mass spectrometry. Mean values (M ± SΕΜ) for mass frac-
tion (in milligrams per kilogram, on dry-weight basis) of
trace elements were as follows: Ag 0.041±0.005, Al 36±4,
Au 0.0039±0.0007, B 0.97±0.13, Be 0.00099±0.00006, Bi
0.021±0.008, Br 29±3, Cd 0.78±0.09, Ce 0.028±0.004, Co
0.035±0.003, Cs 0.034±0.003, Dy 0.0031±0.0005, Er
0.0018±0.0004, Gd 0.0030±0.0005, Hg 0.046±0.006, Ho
0.00056±0.00008, La 0.074±0.015, Li 0.040±0.004, Mn
1.53±0.09, Mo 0.30±0.03, Nb 0.0051±0.0009, Nd 0.013±
0.002, Ni 4.3±0.7, Pb 1.8±0.4, Pr 0.0033±0.0004, Rb 15.9
±0.6, Sb 0.040±0.005, Se 0.73±0.03, Sm 0.0027±0.0004,
Sn 0.25±0.05, Tb 0.00043±0.00009, Th 0.0024±0.0005, Tl
0.0014±0.0001, Tm 0.00030±0.00006, U 0.0049±0.0014,
Y 0.019±0.003, Yb 0.0015±0.0002, Zn 782±97, and Zr
0.044±0.009, respectively. The upper limit of mean con-
tents of As, Cr, Eu, Ga, Hf, Ir, Lu, Pd, Pt, Re, Ta, and Ti

were the following: As ≤0.018, Cr ≤0.64, Eu ≤0.0006, Ga
≤0.08, Hf ≤0.02, Ir ≤0.0004, Lu ≤0.00028, Pd ≤0.007, Pt
≤0.0009, Re ≤0.0015, Ta ≤0.005, and Ti ≤2.6. In all prostate
samples, the content of Te was under detection limit
(<0.003). Additionally, ratios of the Zn content to other trace
element contents as well as correlations between Zn and
trace elements were calculated. Our data indicate that the
human prostate accumulates such trace elements as Al, Au,
B, Br, Cd, Cr, Ga, Li, Mn, Ni, Pb, U, and Zn. No special
relationship between Zn and other trace elements was found.
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Introduction

The prostate gland may be a source of many health prob-
lems in men. One of the most serious problems is prostatic
carcinoma (PCa). Globally, PCa is the sixth most common
cancer. In Western industrialized countries, it is the third
most common cancer in males and the second leading cause
of cancer death [1–3]. In North America, it is the most
common cancer in males and, except for lung cancer, is
the leading cause of death from cancer [4, 5].

Cancer is a multietiological and multifactorial complex
disease. Epidemiological and laboratory study provided
convincing evidence that genetic factors, diet, lifestyle,
and environment are major causative factors of prostate
cancer. It is well accepted that genetic variation alone does
not explain the observed differences in incidence of PCa [6,
7]. A 120-fold difference in rates of PCa among different
countries indicates that there is substantial variation in oc-
currence of this disease and suggests that dietary and envi-
ronmental factors, including chemical element intake, are of
importance [6–12].
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Biological systems require not only “bulk” chemical
elements but also trace and ultra-trace elements for their
functioning. It seems that all chemical elements are more
or less involved in various biochemical reactions in cells of
the human body [13]. Under normal conditions, the chem-
ical elements are in a state of equilibrium with regard to
cellular distribution within tissues. Excessive accumulation,
deficiency, or an imbalance of the elements may disturb the
cell functions and may result in abnormal cell proliferation
and malignant transformation, or in cell degeneration and
apoptosis [14–19].

The involvement of trace elements in the etiology of PCa
has been debated for almost five decades. It is likely that
elevated levels of some metals Ca, Cd, Cr, Cu, Fe, Hg, Mg,
Mn, Ni, Pb, V, and Zn and lowered level of Se in prostate
tissue possibly initiate and promote PCa [4, 9, 14, 17–28].
The main hypothesis of the molecular mechanisms involved
in prostate tumorigenesis is an oxidative DNA damage
generated by free radicals of these metals. However, Se
compounds have chemopreventive properties for PCa. Met-
als mentioned above may also be mutagenic through other
mechanisms, e.g., by interacting with DNA, and can inhibit
zinc finger domains featured in most DNA repair proteins
[28–33].

Notably, Zn has been especially highlighted in the liter-
ature in relation to PCa. Zn is the second most abundant
metal in the human body, serving as a cofactor for more than
300 enzymes with various physiological functions [34]. In
the prostate, zinc is accumulated at up to tenfold higher level
than in other tissues [35–37] and plays an important role in
organ functions [38]. Much of the interest in zinc as an agent
for prostate cancer treatment and prevention comes from
studies that show a marked reduction of zinc level in pros-
tate cancer tissue versus normal prostate tissue [35, 39].
Proponents of supplemental zinc think that high cellular
zinc accumulation is detrimental to the malignant activities
of prostate cancer cells. However, at present, there are two
diametrically opposite points of view on the role of dietary
zinc and supplemental zinc in prostate cancer risk [40].

In our recent study [40], it was shown that not only Zn
but also Ca level in the human prostate tissue is almost one
order of magnitude higher than in other soft tissues. The
unusual high content of Ca in the prostate suggests that Ca
may play a role in prostate function and health. The simi-
larity of chemical properties of Ca and rare earth elements
(REEs) is well known [40]. Chemical similarity allows ions
of REEs to replace not only the ions of Ca and other alkaline
earth elements but also transition metal ions such as Fe, Zn,
Cu, Mn, Co, Cr, etc. in many macromolecular systems,
including enzymes. At the same time, the replacement of
REE ions with the ions of alkaline earth elements is impos-
sible. Therefore, the investigation of REE content in the
human prostate tissue seems to be especially important.

All current hypotheses that describe the role of trace
elements in the etiology of PCa implicate elevated levels
of metals in prostate tissue and disturbance in the relation-
ships between elements as the main cause for PCa. Particu-
larly, the focus is on the relationships between trace
elements and Zn as well imbalance of trace metals and Se.
There is evidence that the complexity of interaction among
multiple dietary factors affects the intestinal absorption and
assimilation of zinc. For example, the absorption of zinc
could be inhibited by iron, calcium, and numerous other
ingested micronutrients [40].

In order to confirm or refute these hypotheses, the first
step is to investigate the normal levels of trace elements in a
healthy prostate and their ratios and correlations with Zn
level. To the best of our knowledge, such data are scarce,
and the majority of results are based on a nonintact prostate
tissue. As a rule, analyzed prostates were obtained from
persons who died from different diseases. In some studies,
prostatectomy samples were either formalin-fixed or
paraffin-embedded. However, there is evidence that these
types of tissue treatments lead to loss of some amount of
chemical elements [41]. In other studies “histologically nor-
mal areas immediately adjacent to tumor” in prostatectomy
samples of patients with PCa were used as “healthy” pros-
tate tissues. Moreover, only a few studies used a quality
control using certified reference materials for trace element
contents.

This work had four aims. The first one was to assess the
mass fractions of 52 trace elements in intact prostate of
healthy men using inductively coupled plasma mass spec-
trometry (ICP-MS). The second aim was to evaluate the
quality of obtained results. The third aim was to calculate
the mean values of the Zn mass fraction/trace element mass
fraction ratios for all elements investigated by using indi-
vidual ratios. The last aim was to estimate the correlations
between Zn and other trace elements in normal prostate.

All studies were approved by the Institute of Forensic
Medicine, Moscow and the Medical Radiological Research
Center, Obninsk Ethical Committees.

Material and Methods

Samples of the human prostate were obtained at postmor-
tems from intact cadavers (64 males, 13–60 years old)
within 48 h of death. The majority of deaths were due to
traumas. All the deceased were citizens of Moscow. All
cadavers had undergone routine autopsy at the Institute of
Forensic Medicine, Moscow. Tissue samples were collected
from the peripheral zone of prostate dorsal and lateral lobes
and then divided into two portions using a titanium scalpel.
One of tissue portion was used for morphological study
while another was intended for chemical element analysis.
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A histological examination was used to control the age norm
conformity as well as the unavailability of microadenoma-
tosis and latent cancer. None of those who died a sudden
death had suffered from any systematic or chronic disorders
before.

After the tissue portions intended for chemical element
analysis were weighed, they were transferred and stored at
−20°C until the day of transportation to the Medical
Radiological Research Center (MRRC), Obninsk. In the

MRRC, all samples were freeze-dried and homogenized.
The sample of homogenized prostate tissue weighing
about 50 mg was used for chemical element analysis by
ICP-MS.

A concentration of 1.5 mL of HNO3 (nitric acid 65 %,
max. 0.0000005 % Hg, GR, ISO, Merck) and 0.3 mL of
H2O2 (pure for analysis) were added to prostate tissue
samples, placed in one-chamber autoclaves (Ancon-AT2,
Ltd., Russia), and then heated for 3 h at 160–200°C to
decompose. After autoclaves were cooled to room temper-
ature, solutions from the decomposed samples were diluted
with deionized water (up to 20 mL) and transferred to plastic
measuring bottles. Simultaneously, the same procedure was
performed in autoclaves without prostate tissue samples
(only HNO3 + H2O2 + deionized water), and the resultant
solutions were used as control samples.

Sample aliquots were used to determine the content of
Ag, Al, As, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr, Cs, Dy, Er,
Eu, Ga, Gd, Hf, Hg, Ho, Ir, La, Li, Lu, Mn, Mo, Nb, Nd, Ni,
Pb, Pd, Pr, Pt, Rb, Re, Sb, Se, Sm, Sn, Ta, Tb, Te, Th, Ti, Tl,
Tm, U, Y, Yb, Zn, and Zr by ICP-MS using an ICP-MS
Thermo-Fisher “X-7” (Thermo Electron, USA). The meas-
urements were made with the mass-spectrometer parameters
shown in Table 1.

The element concentrations in aqueous solutions were
determined by the quantitative method using multielemental
calibration solutions ICP-MS-68A and ICP-AM-6-A pro-
duced by High-Purity Standards (Charleston, SC 29423,
USA). Indium was used as an internal standard in all meas-
urements. The next isotope(s) was/were measured and cho-
sen for calculation for each trace element (see Table 2). If an
element has several isotopes, the concentration of Li, B, Ti,
Ni, Zn, Br, Rb, Mo, Pd, Ag, Cd, Sn, Sb, Te, Nd, Sm, Eu, Gd,
Dy, ER, Yb, Hf, Re, Ir, Pt, Hg, Tl, and Pb in a sample was
calculated as the mean of the values measured with their
different isotopes.

Table 1 The spectrometer parameters and the main parameters of
mass-spectrum measurements

Spectrometer parameters

RF generator power 1,250 W

Nebulizer Polycon

Spray chamber cooled at 3°C

Plasma gas flow rate 12 L/min

Auxiliary flow rate 0.9 L/min

Nebuliser flow rate 0.9 L/min

Sample update 0.8 mL/min

Resolution 0.8 atomic mass unit

Parameters of mass-spectrum measurements

Detector mode double ( pulse counting and analogous)

Scanning mode Survey scan and peak jumping

Setting for survey scan

Number of runs 10

Dwell time 0.6 ms

Channels per mass 10

Acquisition duration 13.2 s

Setting for peak jumping

Sweeps 25

Dwell time 10 ms

Channels per mass 1

Acquisition duration 34 s

Table 2 The isotope(s) used for
determining chemical elements
by ICP-MS

Element Isotope(s) Element Isotope(s) Element Isotope(s) Element Isotope(s)

Li 6, 7 Rb 85 La 139 Lu 175

Be 9 Y 89 Ce 140 Hf 177, 178

B 10, 11 Zr 90, 91 Pr 141 Ta 181

Al 27 Nb 93 Nd 145, 146 Re 185, 187

Ti 47, 50 Mo 95, 98 Sm 147, 149 Ir 191, 193

Mn 55 Pd 104, 105 Eu 151, 153 Pt 194, 195

Co 59 Ag 107, 109 Gd 158, 160 Au 197

Ni 60, 62 Cd 111, 112,114 Tb 159 Hg 201, 202

Zn 66, 68 In 115 Dy 162, 163 Tl 203, 205

Ga 71 Sn 118, 120 Ho 165 Pb 206, 208

As 75 Sb 121, 123 Er 167, 168 Bi 209

Se 82 Te 125, 126 Tm 169 Th 232

Br 79, 81 Cs 133 Yb 173, 174 U 238

ICP-MS Analysis of Trace Elements in Human Prostate



Table 3 ICP-MS data of chemical element contents in Certified Reference Materials (M ± SD, mg/kg on dry-weight basis)

Element Soya Bean Flour (INCT-SBF-4) Tea Leaves (INCT-TL-1) Mixed Polish Herbs INCT-MPH-2

Certificate This work Certificate This work Certificate This work

Ag – 0.0034±0.0008 – ≤0.0064 – <0.001(DL)

Al 45.5±3.7 37.1±1.4 2290±280 2248±61 670±111 485±79

As – <0.01(DL) 0.11±0.02 0.09±0.03 0.191±0.023 0.160±0.027

Au – <0.001(DL) – <0.001(DL) – <0.001(DL)

B 39.9±4.0 34.5±1.4 26a 24.8±1.2 – 28.8±8.1

Be – 0.0021±0.0019 – 0.020±0.004 – 0.021±0.002

Bi – <0.001(DL) – 0.010±0.002 – 0.07±0.002

Br 2.40±0.17 4.70±0.64 12.3±1.0 6.8±1.6 7.71±0.61 < 7.0 (DL)

Cd – 0.0208±0.0045 0.030±0.004 0.023±0.004 0.199±0.015 0.194±0.0035

Ce – 0.0364±0.0057 0.79±0.08 0.74±0.07 1.12±0.10 1.12±0.20

Co 0.096±0.006 0.0908±0.0080 0.39±0.04 0.37±0.04 0.210±0.025 1.92±0.009

Cr – ≤0.5 1.9±0.2 1.7±0.4 1.69±0.13 1.60±0.37

Cs 0.130±0.004 0.1253±0.0057 3.91±0.37 3.65±0.19 0.076±0.007 0.063±0.005

Dy – 0.0014±0.0002 – 0.167±0.010 – 0.055±0.008

Er – 0.0007±0.0001 – 0.098±0.006 – 0.027±0.003

Eu – ≤0.40 0.050±0.009 0.044±0.002 0.015±0.002 0.014±0.003

Ga – ≤0.090 – 0.45±0.23 – 0.209±0.008

Gd – 0.0018±0.0004 – 0.190±0.010 – 0.076±0.018

Hf – ≤0.014 0.028a 0.032±0.019 0.236±0.020 <0.01(DL)

Hg – <0.02(DL) 0.005±0.001 ≤0.022 0.018±0.002 0.019±0.005

Ho – 0.0003±0.0001 – 0.032±0.002 – 0.010±0.002

Ir – <0.0003(DL) – ≤0.00021 – <0.0001(DL)

La 0.019±0.002 0.0144±0.0045 1.00±0.07 0.95±0.05 0.57±0.05 0.54±0.11

Li – 0.0047±0.0018 – 0.217±0.034 – 0.574±0.044

Lu – <0.0001(DL) 0.017±0.002 0.016±0.001 0.009±0.002 0.003±0.001

Mn 32.3±1.1 30.0±1.0 1570±110 1628±145 191±12 197±5

Mo 5.99±0.35 5.66±0.28 – 0.052±0.009 0.52a 0.53±0.01

Nb – 0.0057±0.0023 – 0.044±0.031 – 0.032±0.001

Nd – 0.0119±0.0036 0.81a 0.81±0.06 0.46±0.09 0.47±0.10

Ni 3.12±0.18 2.57±0.20 6.1±0.5 5.3±0.7 1.57±0.16 1.62±0.10

Pb – 0.068±0.023 1.8±0,2 1.5±0.3 2.16±0.23 2.07±0.32

Pd – ≤0.077 – ≤0.08 – <0.01(DL)

Pr – 0.0027±0.0007 – 0.200±0.013 – 0.124±0.027

Pt – <0.0005(DL) – <0.0005(DL) – <0.001(DL)

Rb 31.7±1.7 30.8±2.8 81.5±6.5 80.9±6.7 10.7±0.07 10.9±0.4

Re – <0.001(DL) – <0.001(DL) – <0.001(DL)

Sb – 0.0067±0.0044 0.050a 0.032±0.011 0.065±0.009 0.053±0.014

Se – <0.1(DL) 0.076a ≤0.12 – 0.088±0.026

Sm – 0.0018±0.0006 0.18±0.02 0.17±0.01 0.094±0.008 0.087±0.021

Sn – <0.03(DL) – 0.35±0.06 – –

Ta – ≤0.0087 0.008a ≤0.0088 0.019±0.002 –

Tb – 0.00023±0.00004 0.027±0.002 0.028±0.002 0.014±0.001 0.010±0.002

Te – <0.002(DL) – <0.002(DL) – <0.005(DL)

Th 0.007±0.001 0.0069±0.0030 0.034±0.005 0.029±0.011 0.154±0.013 0.136±0.022

Ti – 0.93±0.15 30a 32±6 34a 20.7±4.9

Tl – 0.0011±0.0002 0.063±0.005 0.065±0.003 0.029a 0.032±0.002

Tm – 0.00011±0.00002 0.017a 0.015±0.001 – 0.0037±0.0003
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The detection limit (DL) was calculated as:

DL ¼ Ci þ 3� SD

where Ci is a mean value of the isotope content for measure-
ments in control samples, and SD is a standard deviation of
Ci determination in control samples. For elements with
several isotopes, the DL was the one corresponding to the
most abundant isotope. The relative standard deviation did
not exceed 0.05 for elements with Ci>5 DL and did not
exceed 0.20 for elements with Ci<5 DL.

Five subsamples of the Institute of Nuclear Chemistry
and Technology (INCT, Warszawa, Poland) certified refer-
ence material (CRM) INCT-SBF-4 Soya Bean Flour, INCT-
TL-1 Tea Leaves, and INCT-MPH-2 Mixed Polish Herbs
were analyzed simultaneously with prostate tissue samples
to estimate the precision and accuracy of results. The sam-
ples of certified reference materials were treated in the same
way as the prostate samples.

Each study specimen was assayed in duplicate using
separate weights, and mean values of trace element contents
were used in final calculation. Using the Microsoft Office
Excel programs, the summary of statistics, arithmetic mean,
standard deviation, standard error of mean, minimum and
maximum values, median, percentiles with 0.025 and 0.975
levels was calculated for trace element contents and ratios.
Standard programs were also used for estimation of inter-
correlations of trace element contents in prostate tissue.

Results

Table 3 depicts our data for Ag, Al, As, Au, B, Be, Bi, Br,
Cd, Ce, Co, Cr, Cs, Dy, Er, Eu, Ga, Gd, Hf, Hg, Ho, Ir, La,
Li, Lu, Mn, Mo, Nb, Nd, Ni, Pb, Pd, Pr, Pt, Rb, Re, Sb, Se,
Sm, Sn, Ta, Tb, Te, Th, Ti, Tl, Tm, U, Y, Yb, Zn, and Zr
mass fractions in five subsamples of INCT-SBF-4 Soya
Bean Flour, INCT-TL-1 Tea Leaves, and INCT-MPH-2
Mixed Polish Herbs certified reference materials and the
certified (or informative) values of this material.

Table 4 presents basic statistical parameters (arithmetic
mean, standard deviation, standard error of mean, minimal
and maximal values, median, percentiles with 0.025 and
0.975 levels) of the Ag, Al, As, Au, B, Be, Bi, Br, Cd, Ce,
Co, Cr, Cs, Dy, Er, Eu, Ga, Gd, Hf, Hg, Ho, Ir, La, Li, Lu,
Mn, Mo, Nb, Nd, Ni, Pb, Pd, Pr, Pt, Rb, Re, Sb, Se, Sm, Sn,
Ta, Tb, Te, Th, Ti, Tl, Tm, U, Y, Yb, Zn, and Zr contents in
intact prostate of apparently healthy men.

Basic statistical parameters (arithmetic mean, standard
deviation, standard error of mean, minimal and maximal
values, median, percentiles with 0.025 and 0.975 levels) of
Zn mass fraction/trace element mass fraction ratios in intact
prostate of apparently healthy men are presented in Table 5.

The comparison of our results with published data [20,
41–56] for the Ag, Al, As, Au, B, Be, Bi, Br, Cd, Ce, Co, Cr,
Cs, Dy, Er, Eu, Ga, Gd, Hf, Hg, Ho, Ir, La, Li, Lu, Mn, Mo,
Nb, Nd, Ni, Pb, Pd, Pr, Pt, Rb, Re, Sb, Se, Sm, Sn, Ta, Tb,
Te, Th, Ti, Tl, Tm, U, Y, Yb, Zn, and Zr contents in the
human prostate is shown in Table 6. Because a number of
values for chemical element mass fractions was not
expressed on a dry-weight basis in the above works, we
calculated these values using published data for water
(80 %) [57] and ash (1 % on wet weight basis) [58] contents
in prostate of adult men.

The differences between the mean of trace element mass
fractions in the prostate and in the skeletal muscle, liver, and
whole blood of reference man [59, 60] is presented in
Table 7. The data of reciprocal relationship (values of r,
coefficient of correlation) between Zn and other trace ele-
ment mass fractions are presented in Table 8.

Discussion

Accurate determination of trace element contents by ICP-
MS requires the use of a directly matrix-matched standard,
with a similar major chemical composition and mineralog-
ical form to the sample. However, no current standard
allows for the quantification of chemical elements in

Table 3 (continued)

Element Soya Bean Flour (INCT-SBF-4) Tea Leaves (INCT-TL-1) Mixed Polish Herbs INCT-MPH-2

Certificate This work Certificate This work Certificate This work

U – 0.0012±0.0007 – 0.009±0.001 0.049a 0.038±0.011

Y – 0.0069±0.0011 – 0.904±0.098 – 0.271±0.032

Yb – 0.0004±0.0001 0.120±0.013 0.104±0.007 0.053±0.007 0.023±0.002

Zn 52.3±1.3 54.8±6.6 34.7±2.7 36.0±3.7 33.5±2.1 32.0±6.1

Zr – 0.0295±0.0093 – 0.30±0.12 – 0.400±0.040

M arithmetic mean, SD standard deviation, DL detection limit
a Informative values

ICP-MS Analysis of Trace Elements in Human Prostate



Table 4 Basic statistical parameters of chemical element mass fractions (in milligrams per kilogram dry-weight basis) in intact human prostate

Element M SD SEM Min Max Median P0.025 P0.975

Ag 0.0413 0.0331 0.0047 0.0070 0.126 0.0290 0.0080 0.113

Al 35.8 23.2 3.7 6.8 121 29 9.5 75.7

As ≤0.018 – – <0.01 (DL) 0.162 – – –

Au 0.0039 0.0041 0.0007 0.0009 0.0170 0.0020 0.0010 0.0153

B 0.97 0.75 0.13 0.30 3.20 0.70 0.30 3.04

Be 0.00099 0.00039 0.00006 0.00070 0.00260 0.00090 0.00070 0.00186

Bi 0.0209 0.0481 0.0080 0.0010 0.2050 0.0042 0.0014 0.1976

Br 28.7 22.2 3.1 3.0 101 19.7 3.0 89.1

Cd 0.781 0.561 0.089 0.050 2.400 0.640 0.061 1.893

Ce 0.0280 0.0237 0.0038 0.0050 0.0960 0.0190 0.0059 0.0923

Co 0.0347 0.0193 0.0025 0.0135 0.1060 0.0300 0.0147 0.0870

Cr ≤0.64 – – <0.5 (DL) 1.9 – – –

Cs 0.0342 0.0145 0.0023 0.0100 0.0870 0.0305 0.0149 0.0607

Dy 0.00312 0.00323 0.00052 0.00040 0.01700 0.00189 0.00066 0.00920

Er 0.00181 0.00221 0.00036 0.00016 0.01200 0.00092 0.00032 0.00593

Eu ≤0.0006 – – <0.0004 (DL) 0.0020 – – –

Ga ≤0.08 – – <0.02 (DL) 0.49 – – –

Gd 0.00304 0.00305 0.00050 0.00030 0.01600 0.00180 0.00058 0.00906

Hf ≤0.02 – – <0.01 (DL) 0.06 – – –

Hg 0.0463 0.0444 0.0059 0.0062 0.2650 0.0298 0.0099 0.1564

Ho 0.00056 0.00049 0.00008 0.00009 0.00179 0.00033 0.00009 0.00175

Ir ≤0.0004 – – <0.0002 (DL) 0.0010 – – –

La 0.0741 0.0943 0.0151 0.0080 0.3240 0.0240 0.0080 0.3012

Li 0.040 0.024 0.004 0.015 0.100 0.030 0.015 0.097

Lu ≤0.00028 – – <0.00007 (DL) 0.00200 – – –

Mn 1.53 0.56 0.086 0.80 3.10 1.35 0.83 2.80

Mo 0.303 0.185 0.030 0.100 0.850 0.250 0.110 0.698

Nb 0.00511 0.00528 0.00086 0.00100 0.02000 0.00300 0.00100 0.01908

Nd 0.0132 0.0108 0.0018 0.0030 0.0450 0.0090 0.0030 0.0423

Ni 4.31 4.23 0.68 0.20 19.4 3.40 0.20 19.2

Pb 1.76 2.42 0.38 0.19 10.7 0.54 0.25 8.65

Pd ≤0.007 – – <0.005 (DL) 0.010 – – –

Pr 0.00334 0.00274 0.00044 0.00060 0.01100 0.00230 0.00069 0.01063

Pt ≤0.0009 – – <0.0005 (DL) 0.0110 – – –

Rb 15.9 4.72 0.60 5.90 26.5 15.9 7.00 25.3

Re ≤0.0015 – – <0.0009 (DL) 0.0130 – – –

Sb 0.0402 0.0366 0.0047 0.0080 0.1580 0.0255 0.0090 0.1551

Se 0.730 0.245 0.032 0.216 1.300 0.754 0.336 1.198

Sm 0.00268 0.00236 0.00038 0.00050 0.01100 0.00180 0.00050 0.00720

Sn 0.246 0.283 0.045 0.030 1.110 0.120 0.030 1.006

Ta ≤0.005 – – <0.004 (DL) 0.013 – – –

Tb 0.00043 0.00053 0.00009 0.00007 0.00300 0.00020 0.00007 0.00134

Te <0.003(DL) – – – – – – –

Th 0.00243 0.00295 0.00048 0.00050 0.01720 0.00150 0.00050 0.00906

Tia ≤2.6 – – <0.4 (DL) 13.7 – – –

Tl 0.00141 0.00067 0.00011 0.00020 0.00380 0.00130 0.00048 0.00278

Tm 0.00030 0.00036 0.00006 0.00004 0.00200 0.00016 0.00005 0.00092

U 0.0049 0.0083 0.0014 0.0005 0.0381 0.0024 0.0007 0.0323

Y 0.0192 0.0205 0.0033 0.0020 0.0840 0.0095 0.0029 0.0729

Yb 0.00146 0.00148 0.00024 0.00010 0.00510 0.00070 0.00019 0.00510

Zn 782 776 97 71.6 5868 620 145 1865

Zr 0.0444 0.0515 0.0085 0.0100 0.2500 0.0200 0.0100 0.1690

M arithmetic mean, SD standard deviation, SEM standard error of mean, Min minimum value, Max maximum value, Per. 0.025 percentile with
0.025 level, Per. 0.975 percentile with 0.975 level, DL detection limit
a Titanium tools were used for sampling and sample preparation
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prostate. For this reason, we were forced to evaluate the
accuracy of our method using other certified reference mate-
rials with the biological matrix, certified for major portion
investigated chemical elements—INCT-SBF-4 Soya Bean
Flour, INCT-TL-1 Tea Leaves, and INCT-MPH-2 Mixed
Polish Herbs (Table 3). The certified values for Ag, Au,
Be, Bi, Dy, Er, Ga, Gd, Ho, Ir, Li, Nb, Pd, Pr, Pt, Re, Se, Sn,

Te, Ti, Tm, U, Y, and Zr content were not present in these
CRMs only (24 chemical elements from 52).

In 12 (Al, B, Br, Co, Cs, La, Mn, Mo, Ni, Rb, Th, and
Zn) of 22 (Al, As, Br, Cd, Ce, Co, Cr, Cs, Eu, Hg, La, Lu,
Mn, Ni, Pb, Rb, Sm, Tb, Th, Tl, Yb, and Zn) and of 25 (Al,
As, Br, Cd, Ce, Co, Cr, Cs, Eu, Hf, Hg, La, Lu, Mn, Nd, Ni,
Pb, Rb, Sb, Sm, Ta, Tb, Th, Yb, and Zn) chemical elements

Table 5 Basic statistical parameters of Zn mass fraction/trace element mass fraction ratios in intact human prostate

Element M SD SEM Min Max Median Per. 0.025 Per. 0.975

Zn/Ag 28,330 26,174 3,818 1,038 108,385 17,260 2,198 95,830

Zn/Al 25.7 23.3 3.8 1.04 114 18.7 1.91 83.1

Zn/Au 308,472 286,017 51,370 7,412 1,199,000 241,111 19,772 886,250

Zn/B 821 635 116 49.7 2,707 604 60.9 2,155

Zn/Be 793,329 538,846 88,586 48,462 2,127,143 687,000 69,286 1,931,714

Zn/Bi 174,671 152,751 26,197 2,514 705,294 157,553 4,012 553,527

Zn/Br 31.7 26.3 3.9 3.30 112 26.1 3.84 98.0

Zn/Cd 22,631 17,040 2,801 2,864 78,368 18,629 4,052 64,632

Zn/Ce 35,720 28,796 4,867 1,537 121,444 27,333 3,696 99,392

Zn/Co 23,658 16,968 2,228 2,864 78,368 19,339 4,196 64,038

Zn/Cs 20,200 12,829 2,081 2,520 60,722 17,200 4,085 46,597

Zn/Dy 371,894 360,087 61,754 7,412 1,383,544 286,372 17,294 1,358,297

Zn/Er 810,332 802,223 133,704 10,500 3,102,083 543,780 26,887 3,030,260

Zn/Gd 346,690 285,356 48,938 7,875 1,150,000 337,077 19,597 1,107,250

Zn/Hg 23,713 19,235 2,570 421 82,722 18,556 2,635 74,116

Zn/Ho 2,367,321 2,377,988 396,331 89,500 8,644,444 1,457,359 90,688 8,318,750

Zn/La 24,499 24,949 4,158 1,375 88,875 12,785 1,404 81,809

Zn/Li 22,253 18,848 3,141 1,909 70,529 15,617 2,557 67,525

Zn/Mn 464 347 54 52.5 1,489 395 63.6 1,385

Zn/Mo 3,060 2,657 431 183 10,838 2,171 343 10,607

Zn/Nb 255,562 233,356 38,893 11,933 869,000 161,000 12,517 730,750

Zn/Nd 81,257 72,689 12,287 2800 306,667 70,429 5,953 278,263

Zn/Ni 217 207 36 6.49 781 146 29.5 755

Zn/Pb 1,031 937 152 50.9 3,097 707 54.5 3,043

Zn/Pr 301,894 246,815 41,719 11,455 993,636 246,500 26,062 906,679

Zn/Rb 43.2 25.1 3.3 5.04 110 38.9 7.90 102

Zn/Sb 26,680 23,144 3,065 2,935 108,385 18,500 3,959 82,155

Zn/Se 913 535 73 138 2,516 795 191 2,032

Zn/Sm 428,851 396,589 66,098 11,455 1,556,000 379,524 22,836 1,438,750

Zn/Sn 5,383 4,771 795 385 19,900 4,785 472 16,283

Zn/Tb 3,357,129 3,290,799 556,247 42,000 11,114,286 2,398,000 125,633 10,957,643

Zn/Th 510,278 481,526 80,254 15,000 2,013,333 324,667 27,006 1,613,167

Zn/Tl 611,416 492,521 80,970 33,158 2,012,857 508,750 61,898 1,840,786

Zn/Tm 4,717,854 4,229,022 704,837 63,000 15,100,000 2,905,052 186,240 13,387,500

Zn/U 403,222 358,104 59,684 28,640 1,345,977 301,189 31,143 1,162,808

Zn/Y 64,763 64,371 11,206 3,768 241,600 45,143 3,934 216,000

Zn/Yb 967,548 963,908 167,795 31,176 3,722,500 635,000 32,272 3,160,500

Zn/Zr 35,541 32,167 5,361 788 120,800 25,700 993 110,738

M arithmetic mean, SD standard deviation, SEM standard error of mean, Min minimum value, Max maximum value, Per. 0.025 percentile with
0.025 level, Per. 0.975 percentile with 0.975 level, DL detection limit
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Table 6 Median, minimum and maximum value of means of chemical element mass fractions (in milligrams per kilogram dry-weight basis) in
prostate according to data from the literature in comparison with our results

Element Published dataa This work

Median of means, (n)b Minimum of means M or M ± SD, (n)c Maximum of means M or M ± SD, (n)c M ± SD, n064

Ag ≤0.1 (2) <0.05 (48) [42] 0.2 (7) [43] 0.041±0.033

Al 27.7 (3) 13±66 (50) [42] 47 (9) [44] 36±23

As 0.045 (1) 0.045±0.022 (10) [45] 0.045±0.022 (10) [45] ≤0.018

Au ≤1.0 (2) <0.7 (48) [42] 1.3 (7) [43] 0.0039±0.0007

B 1.2 (2) <0.47 (50) [42] 1.0 (1) [43] 0.97±0.75

Be – – – 0.00099±0.00039

Bi <0.09 (1) <0.09 (50) [42] <0.09 (50) [42] 0.021±0.048

Br 14.5 (2) 12±8 (4) [46] 17 (12) [47] 29±22

Cd 0.79 (16) 0.06 (129) [48] 427±497 (55) [49] 0.78±0.56

Ce – – – 0.028±0.024

Co 0.55 (3) <0.09(50) [42] 12 (9) [44] 0.035±0.019

Cr 0.56 (3) 0.042 (50) [42] 1.4 (8) [43] ≤0.64

Cs <0.47 (2) 0.060±0.075 (6) [50] 2.8 (12) [47] 0.034±0.015

Dy – – – 0.0031±0.0032

Er – – – 0.0018±0.0022

Eu – – – ≤0.0006

Ga – – – ≤0.08

Gd – – – 0.0030±0.0030

Hf – – – ≤0.02

Hg 0.65 (1) 0.65±0.58 (5) [45] 0.65±0.58 (5) [45] 0.046±0.044

Ho – – – 0.00056±0.00049

Ir – – – ≤0.0004

La – – – 0.074±0.094

Li – – – 0.040±0.024

Lu – – – ≤0.00028

Mn 1.0 (6) <0.47 (12) [47] 7.25±5.00 (4) [51] 1.53±0.56

Mo 1.0 (2) <0.19 (50) [42] 1.8 (2) [43] 0.30±0.19

Nb – – – 0.0051±0.0053

Nd – – – 0.013±0.011

Ni <0.47 (4) 0.14 (4) [52] 4.7 (12) [47] 4.31±4.23

Pb 1.0 (11) 0.15 (41) [20] 8 (4) [51] 1.8±2.4

Pd – – – ≤0.007

Pr – – – 0.0033±0.0027

Pt – – – ≤0.0009

Rb 34.5(3) 4.7 (9) [44] 58±33 (4) [51] 15.9±4.7

Re – – – ≤0.0015

Sb 0.42 (1) 0.42±0.56 (10) [45] 0.42±0.56 (10) [45] 0.040±0.037

Se 0.625 (7) 0.27 (129) [48] 1.5 (15) [41] 0.73±0.25

Sm – – – 0.0027±0.0024

Sn 3.3 (4) 0.66 (50) [42] 3.7 (7) [43] 0.25±0.28

Ta – – – ≤0.005

Tb – – – 0.00043±0.00053

Te 164 (1) 164 (2) [51] 164 (2) [51] <0.0025 DL

Th – – – 0.0024±0.0029

Ti 7.6 (3) <0.24 (50) [42] 26 (24) [52] ≤2.6d

Tl 0.25 (2) 0.0014 (1) [53] 0.5 (1) [43] 0.00141±0.00067
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with certified values for the INCT-SBF-4 Soya Bean Flour,
INCT-TL-1 Tea Leaves, and INCT-MPH-2 Mixed Polish
Herbs certified reference material, we determined contents
of all 28 certified elements Al, As, B, Br, Cd, Ce, Co, Cr,
Cs, Eu, Hf, Hg, La, Lu, Mn, Mo, Nd, Ni, Pb, Rb, Sb, Sm,
Ta, Tb, Th, Tl, Yb, and Zn (Table 3). Mean values for Al,
As, B, Cd, Ce, Co, Cr, Cs, Eu, Hg, La, Lu, Mn, Mo, Nd, Ni,
Pb, Rb, Sb, Sm, Tb, Th, Tl, Yb, and Zn were in the range of
95 % confidence interval. Good agreement with the certified
data of CRMs indicates an acceptable accuracy of the results
obtained in the study of trace elements of the prostate
presented in Tables 4, 5, 6, 7, and 8.

The mean values and all selected statistical parameters
were calculated for 39 (Ag, Al, Au, B, Be, Bi, Br, Cd, Ce,
Co, Cs, Dy, Er, Gd, Hg, Ho, La, Li, Mn, Mo, Nb, Nd, Ni,
Pb, Pr, Rb, Sb, Se, Sm, Sn, Tb, Th, Tl, Tm, U, Y, Yb, Zn,
and Zr) chemical elements (Table 4). The mass fractions of
trace elements were measured in all or a major portion of
prostate samples. The content of As, Cr, Eu, Ga, Hf, Ir, Lu,
Pd, Pt, Re, Ta, Te, and Ti was determined in a few samples.
The possible upper limit of the mean (≤M) for these trace
elements was calculated as the average mass fraction, using
the value of DL instead of the individual value when these
latter was found below the DL:

� M ¼
Xni

i

Ci þ DL � nj
 !

n=

where Ci is the individual value of trace element mass
fraction in i-sample, ni is number of samples with the mass
fraction higher than the DL, nj is number of samples with
the mass fraction lower than the DL, and n 0 ni + nj is
number of investigated samples.

The standard deviation obtained for all trace element
mass fractions is particularly large (Table 4). This is due to

the very wide individual variation of trace element mass
fractions in the human prostate.

Mass fraction of such “trace” element as Zn in pros-
tate tissue is much higher than content of all trace ele-
ments investigated (Table 5). Zn level in prostate tissue
is higher than the content of Al, Br, and Rb (around an
order of magnitude), B, Mn, Ni, and Se (around two
order of magnitude), Mo, Pb, and Sn (around three order
of magnitude), Ag, Cd, Ce, Co, Cs, Hg, La, Li, Nd, Sb,
Y, and Zr (around four order of magnitude), Au, Be, Bi,
Dy, Er, Gd, Nb, Pr, Sm, Th, Tl, U, and Yb (around five
order of magnitude), and Ho, Tb, and Tm (around six
order of magnitude).

The obtained means for Ag, Al, As, B, Bi, Br, Cd, Cr,
Cs, Mn, Mo, Ni, Pb, Rb, Se, Sn, Ti, Tl, and Zn as shown
in Table 6 agree well with the range of values cited by
other researches for the human prostate, including sam-
ples received from persons who died from different dis-
eases [20, 41–56]. The means for Au, Hg, Sb, U, and Y
are one to two orders of magnitude, and the mean for Te,
five orders of magnitude lower than previously reported
results. No published data referring to the Be, Dy, Er,
Eu, Ga, Gd, Hf, Ho, Ir, La, Li, Lu, Nb, Nd, Pd, Pr, Pt,
Re, Sm, Ta, Tb, Th, Tm, Yb, and Zr content in human
prostate was found.

The obtained values 913±535 (M ± SD, Table 5) for Zn/Se
ratio agrees well with result (M0804) published by Sapota et
al. [26]. No published data referring to ratio of Zn to other
chemical element content in human prostate was found.

In our previous studies, it was shown that Zn and Ca
levels in the peripheral zone of dorsal and lateral lobes of
prostate are almost one order of magnitude higher than in
other soft tissues [35–37, 40]. The obtained mean for Al,
Au, B, Br, Cd, Cr, Ga, Li, Mn, Ni, Pb, and U mass fraction
in human prostate are more than two times higher than mean

Table 6 (continued)

Element Published dataa This work

Median of means, (n)b Minimum of means M or M ± SD, (n)c Maximum of means M or M ± SD, (n)c M ± SD, n064

Tm – – – 0.00030±0.00036

U 0.4 (1) 0.4 (1) [54] 0.4 (1) [54] 0.0049±0.0014

Y <80 (2) <3.3 (12) [47] 89 (12) [47] 0.019±0.020

Yb – – – 0.0015±0.0015

Zn 482 (48) 111 (–) [55] 2,735 (10) [56] 782±776

Zr – – – 0.044±0.051

M arithmetic mean, SD standard deviation, (–) no data
a References 20, 41–56
b Number of all references
c Number of samples
d Titanium tools were used for sampling and sample preparation
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Table 7 The differences between the mean chemical element contents in the prostate and in skeletal muscle, liver, and whole blood of Reference
Man (mg/kg, on dry-weight basis)

Element This work Median of means for reference man [59, 60] Ratios

Prostate (I) Muscle (II) Liver (III) Whole blood (IV) I/II I/III I/IV

Ag 0.0413 0.15 0.069 0.036 0.28 0.60 1.15

Al 36 1.5 0.0040 0.025 24 9,000 1,440

As ≤0.018 0.014 0.034 0.057 ≤1.3 ≤0.53 0.32

Au 0.0039 – 0.00018 0.00016 – 21.7 24.4

B 0.97 0.33 <0.36 0.175 2.9 >2.85 5.54

Be 0.00099 – – – – – –

Bi 0.0209 0.033 0.014 0.046 0.64 1.49 0.45

Br 28.7 – 5.2 23.2 – 5.52 4

Cd 0.781 0.33 4.3 0.0039 2.4 0.18 200

Ce 0.0280 – 0.21 – – 0.13 –

Co 0.0347 0.076 0.31 0.0041 0.46 0.11 8.46

Cr ≤0.64 0.048 0.097 – ≤13.3 ≤6.60 –

Cs 0.0342 0.14 0.045 0.014 0.24 0.76 2.44

Dy 0.00312 – – – – – –

Er 0.00181 – – – – – –

Eu ≤0.0006 – – – – – –

Ga ≤0.08 0.0014 0.0024 – ≤57 ≤33.3 –

Gd 0.00304 – – – – – –

Hf ≤0.02 – – – – – –

Hg 0.0463 0.33 0.31 0.057 0.14 0.15 0.81

Ho 0.00056 – – – – – –

Ir ≤0.0004 – – – – – –

La 0.0741 – 0.28 – – 0.26 –

Li 0.040 0.023 <0.0036 0.0035 1.74 >11.1 11.4

Lu ≤0.00028 – – – – – –

Mn 1.53 0.47 5.4 0.05 3.26 0.28 30.6

Mo 0.303 – 2.1 0.010 – 0.14 30.3

Nb 0.00511 0.14 0.14 – 0.037 0.037 –

Nd 0.0132 – – – – – –

Ni 4.31 0.95 0,10 0.015 4.54 43.1 287

Pb 1.76 0.48 1.6 0.52 3.67 1.1 3.38

Pd ≤0.007 – – – – – –

Pr 0.00334 – – – – – –

Pt ≤0.0009 – 0.11 – – – –

Rb 15.9 28.6 17.2 15.5 0.56 0.92 1.03

Re ≤0.0015 – – – – – –

Sb 0.0402 0.14 0.052 – 0.29 0.77 –

Se 0.730 0.81 1.12 0.57 0.90 0.65 1.28

Sm 0.00268 – – 0.041 – – 0.065

Sn 0.246 0.52 1.90 – 0.47 0.13 –

Ta ≤0.005 – – – – – –

Tb 0.00043 – – – – – –

Te <0.0025 (DL) 3.00 – 0.028 ≤0.001 – 0.089

Th 0.00243 – – 0.0026 – – 0.93

Tl 0.00141 0.24 0.19 0.0020 0.0059 0.0074 0.705

Tm 0.00030 – – – – – –
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values of element content in skeletal muscle, liver, and whole
blood (Table 7). So, the human prostate accumulates not only
for Zn and Ca but also for such trace elements as Al, Au, B,
Br, Cd, Cr, Ga, Li, Mn, Ni, Pb, and U. The conclusion for Cd
agrees with published data [20, 28, 48, 58].

With the exception of Nb and Rb, we did not find any
pronounced correlation between the prostatic zinc and other
trace elements (Table 8). This indicates that there is no
special relationship between zinc and other trace elements
in prostate. The lack of inverse correlation between Zn mass
fraction and Cd mass fraction casts doubt on the opinion that
Cd has “distinctive agonist effects” with Zn [41, 61, 62].
With the exception of Cd, no published data referring to
correlations between Zn and other trace element contents in
human prostate were found.

Conclusions

Inductively coupled plasma mass spectrometry is a powerful
analytical tool for the determination of chemical element

content in the prostate tissue. ICP-MS allows to determine
the means of Ag, Al, Au, B, Be, Bi, Br, Cd, Ce, Co, Cs, Dy,
Er, Gd, Hg, Ho, La, Li, Mn, Mo, Nb, Nd, Ni, Pb, Pr, Rb, Sb,
Se, Sm, Sn, Tb, Th, Tl, Tm, U, Y, Yb, Zn, and Zr (39
elements) and the upper limit of mean for As, Cr, Eu, Ga,
Hf, Ir, Lu, Pd, Pt, Re, Ta, Te, and Ti (13 elements). Mean
values (M ± SΕΜ) for mass fraction (in milligrams per
kilogram on dry-weight basis) of trace elements were as
follows: Ag 0.041±0.005, Al 36±4, Au 0.0039±0.0007, B
0.97±0.13, Be 0.00099±0.00006, Bi 0.021±0.008, Br 29±
3, Cd 0.78±0.09, Ce 0.028±0.004, Co 0.035±0.003, Cs
0.034±0.003, Dy 0.0031±0.0005, Er 0.0018±0.0004, Gd
0.0030±0.0005, Hg 0.046±0.006, Ho 0.00056±0.00008,
La 0.074±0.015, Li 0.040±0.004, Mn 1.53±0.09, Mo
0.30±0.03, Nb 0.0051±0.0009, Nd 0.013±0.002, Ni 4.3±
0.7, Pb 1.8±0.4, Pr 0.0033±0.0004, Rb 15.9±0.6, Sb 0.040
±0.005, Se 0.73±0.03, Sm 0.0027±0.0004, Sn 0.25±0.05,
Tb 0.00043±0.00009, Th 0.0024±0.0005, Tl 0.0014±
0.0001, Tm 0.00030±0.00006, U 0.0049±0.0014, Y 0.019
±0.003, Yb 0.0015±0.0002, Zn 782±97, and Zr 0.044±
0.009, respectively. The upper limit of mean contents of As,
Cr, Eu, Ga, Hf, Ir, Lu, Pd, Pt, Re, Ta, and Ti were the
following: As ≤0.018, Cr ≤0.64, Eu ≤0.0006, Ga ≤0.08, Hf
≤0.02, Ir ≤0.0004, Lu ≤0.00028, Pd ≤0.007, Pt ≤0.0009, Re
≤0.0015, Ta ≤0.005, and Ti ≤2.6. In all prostate samples, the
content of Te was under detection limit (<0.003).

Our data reveal that the human prostate accumulates such
trace elements as Al, Au, B, Br, Cd, Cr, Ga, Li, Mn, Ni, Pb,
U, and Zn. There is no a special relationship of zinc with
other trace elements investigated in the prostate. The lack of
inverse correlation between Zn and Cd mass fractions casts
doubt on the opinion that Cd has “distinctive agonist
effects” with Zn.

All the deceased were citizens of Moscow. None of those
who died a sudden death had suffered from any systematic
or chronic disorders before. The normal state of prostates
was confirmed by morphological study. Thus, our data for
52 trace element mass fractions in intact human prostate
may serve as indicative normal values for urban population
of the Russian Central European region.

Table 8 Correlations (r) of Zn mass fractions and other trace element
mass fractions in human prostate

Element r Element r Element r

Ag −0.117 Hg −0.067 Si −0.266

Au −0.219 Ho −0.184 Sm −0.187

Be 0.003 La −0.101 Sn 0.032

Bi 0.003 Mo −0.050 Tb −0.211

Br 0.096 Nb 0.430* Th −0.153

Cd 0.062 Nd −0.185 Tl 0.202

Ce −0.137 Ni 0.001 Tm −0.180

Co 0.250 Pb 0.115 U 0.110

Cs −0.017 Pr −0.160 Y −0.105

Dy −0.184 Rb 0.328* Yb −0.198

Er −0.201 Sb −0.084 Zr −0.174

Gd −0.204 Se 0.169

*p<0.05 (statistically significant)

Table 7 (continued)

Element This work Median of means for reference man [59, 60] Ratios

Prostate (I) Muscle (II) Liver (III) Whole blood (IV) I/II I/III I/IV

U 0.0049 0.00095 0.0010 0.000016 5.12 4.9 306

Y 0.0192 0.019 – 0.024 1.01 – 0.80

Yb 0.00146 – – – – – –

Zn 782 276 172 33.5 2.83 4.55 23.3

Zr 0.0444 0.095 0.103 0.049 0.47 0.43 0.91

Values in italics are of a ratio >2.0

ICP-MS Analysis of Trace Elements in Human Prostate
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