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Abstract

The knowledge concerning etiology and pathogenesis of most prostatic malfunction and pathologies is very limited. Notwith-
standing advances in medicine, the diagnostics of benign hypertrophic and cancerous prostate has relentlessly increased in intricacy 
and inconsistency. A supposal has been made that beryllium (Be) level in prostate gland may aid in resolving these problems and 
especially as a biomarker of prostate cancer. As a result in many studies the normal prostatic Be measurements have been made. In 
present review we analyze data published concerning Be prostatic levels in healthy persons. In total 2161 papers in the literature 
of the years dating back to 1921 were authenticated in such databases as: PubMed, Scopus, the Cochrane Library, Web of Science 
and ELSEVIER-EMBASE. Obtained information was subject to an extraction both the Be content ranges and means. In such a way the 
discrepancy of published Be level of normal glands was estimated. From the articles analyzed, 14 were separated for the impartial 
evaluation of results from their 645 healthy subjects. Prostatic Be contents (on a wet mass basis) spanned the interval from 0.000155 
mg/kg to <0.03 mg/kg with 0.000168 mg/kg as the median of their means. The results covered a wide range of values and the sample 
was small, hence it is desirable that further investigations with strong quality control of results be performed.
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Abbreviations
PCa: Prostate Cancer; BPH: Benign Prostatic Hyperplasia; TE: 
Trace Element; IARC: International Agency for Research on Can-
cer; US EPA: U.S. Environmental Protection Agency; ICP-MS: Induc-
tively Coupled Plasma Mass Spectrometry.

Introduction
Amongst the many pathological prostatic conditions, prostatic 

carcinoma (PCa), chronic prostatitis and benign prostatic hyper-
plasia (BPH) are very frequently encountered, especially in the el-
derly [1-3]. Their causes and pathogenesis are poorly understood. 

Moreover, despite biomedical advances, the the diagnostics of be-
nign hypertrophic and cancerous prostate has become gradually 
more complicated and contentious. An improvement of this situ-
ation, especially recognition of relevant risk factors and the disor-
ders’ etiologies can allow great reduction in the incidence of these 
prostatic disorders.

In our previous investigations the participation of trace ele-
ments (TEs) in the function of the prostate gland was indicated [4-
15]. It was also found that content of TEs in prostatic parenchima, 
including beryllium (Be), can play a noticeable role in etiology of 
PCa [16-21]. Furthermore, it was shown that the alterations of 
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some TE contents and Zn/Be content ratios in prostate parenchima 
can be helpful as bio-indicators [21-28].

For the first time low levels of Be in human prostatic tissue 
(<0.03 mg/kg of wet tissue) was indicated in studies published al-
most 60 years ago [29]. This finding allowed deduce inference that 
the prostate can accumulate Be, since the content of metal in glands 
was at least one order of magnitude higher the blood reference 
content (0.001 mg/L) [30]. Moreover, experimental and epidemio-
logical results identified that Be should be considered as genotoxic 
carcinogens [20,21,31,32]. In accord with the International Agency 
for Research on Cancer (IARC) and U.S. Environmental Protec-
tion Agency (US EPA), Be is classified as Group 1 and Group A hu-
man carcinogens, respectively [33,34]. These materials facilitated 
more extensive considerations of the Be level of prostatic tissue of 
healthy persons, as well as of patients with different prostatic dis-
orders, including hypertrophy and malignancy.

The impacts of TEs, including Be, are depended on their level in 
tissues and fluids. Recorded observations range from a deficiency, 
through normal function as biologically active components, to an 
imbalance, when excess of one element interferes with the function 
of another, to pharmacologically active levels, and finally to toxic 
and even life-threatening contents [35-37]. In this context, until 
now there are no data on any biological function of Be in organ-
isms, but a lot of publications testify to adverse health effects in dif-
ferent organs or tissues, including malignancy, of exposure to low 
doses of this metal and its compounds [21,30,32,33,38]. However, 
it is as yet incomprehensible what precise mechanism is respon-
sible for Be carcinogenicity [21,38]. 

By now, a few publications have presented the level of Be con-
tent in tissue of “normal” and affected prostates. However, subse-
quent research works has been considered necessary to provide 
a practical reference data of Be contents in “normal” and affected 
gland, as the results of various investigations demonstrate some 
distinctions. 

Our review addresses the importance of Be contents in prostate 
as an indicator of the gland’s condition. Therefore, we systemati-
cally reviewed all the available relevant articles and performed a 
statistical analysis of Be level of “normal” prostates, which may 
provide valuable insight into the etiology and diagnosis of organ 
diseases.

Materials and Methods
Data sources and search strategy

Aiming at finding the most relevant publications for this review, 
a thorough comprehensive web search was conducted by consult-
ing the PubMed, Scopus, the Cochrane Library, Web of Science and 
ELSEVIER-EMBASE databases, as well as from the personal archive 
of the author collected between 1966 to 2020, using the key words: 
prostatic trace elements, prostatic Be content, prostatic tissue, and 
their constellation. For example, the search terms for Be content 
were: “Be content”, “Be level”, “Be mass fraction”, “prostatic tissue 
Be” and “Be of prostatic tissue”. The language of the paper was not 
restricted. The titles from the search results were examined thor-
oughly and determined to be acceptable for potential inclusion cri-
teria. Also, references from the selected publications were evalu-
ated as further search instruments. Relevant references noted for 
the each selected paper were also examined for inclusion.

Eligibility criteria
Inclusion criteria

Only articles with quantitative results of Be prostatic level were 
accepted for further examination. Publications were accepted if 
the control groups were healthy men with no history or evidence 
of urological or other andrological disease and Be contents were 
measured in samples of gland. 

Exclusion criteria

Articles were excluded if they were case reports. Investigations 
involving persons that were Be occupational exposed, as well as 
subjects from Be contaminated regions were also excepted.

Data extraction 

A standard extraction of results was applied, and the follow-
ing available variables were taken out from each article: method 
of Be measurement, number and ages of healthy subjects, sample 
preparation, mean and median of Be content, standard deviations 
of mean, and range of Be contents. Abstracts and whole text of pa-
pers were reviewed independently, and if the results were differ-
ent, the texts were checked once again until the distinctions were 
eliminated.

Statistical analysis

Results of all investigations were stitched together based on 
means of Be contents in “normal” prostate. The papers were exam-
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ined and “Median of Means” and “Range of Means” were exploited 
to evaluate heterogeneity of Be levels. The impartial analysis was 
performed on results from the 14 articles, with 645 persons.

Results and Discussion
Data on Be contents in prostatic tissue in normal and patho-

logical conditions are of obvious interest, not only to clarify the 
etiology and pathogenesis of prostatic disorders, but also for their 
diagnosis, particularly for malignancy detection and PCa risk prog-
nosis [27,28,35]. Thus, it dictates a need for reliable values of the 
Be contents in the prostate of apparently healthy persons, ranging 
from young adults to old men.

Possible articles relevant to the keywords were retrieved and 
screened. A total of 2161 papers were primarily obtained, of which 
2147 irrelevant publications were excluded. Thus, 14 articles were 
ultimately selected according to eligibility criteria that determined 
Be contents in “normal” glands (Table 1) and these 14 studies 
[9,13,14,27,29,39-47] arranged the material on which the review 
was founded. A number of results for Be contents in the cited ref-
erences were not expressed on a wet mass basis. However, we re-
calculated these results using the medians of published values for 
water - 83% [48-51] and ash - 1% contents (on a wet mass basis) 
in “normal” prostates of adult males [50,52-54].

Reference Method n

Age

range

years

Sample

preparation

Be

M ± SD Range

Zakutinsky., et al.1962 
[29]

- - - - <0.03 -

Zaichick., et al. 2012 [39] ICP-MS 64 13-60 AD 0.000168 ± 0.000066 0.00012-0.00044
Zaichick., et al. 2013 [9] ICP-MS 16 20-30 AD 0.00051 ± 0.00085 -
Zaichick., et al. 2014 [40] ICP-MS 28 21-40 AD 0.000155 ± .0.000044 0.00012-0.00031

27 41-60 AD 0.000160 ± .0.000048 0.00012-0.00029
10 61-87 AD ≤0.00016 <0.00012-0.00036

Zaichick., et al. 2014 [13] ICP-MS 16 20-30 AD 0.000162 ± .0.000054 -
Zaichick., et al. 2014 [14] ICP-MS 50 0-30 AD 0.0007 ± 0.0011 -

29 0-13 AD 0.0013 ± 0.0014 -
21 14-30 AD 0.00022 ± 0.00012 -

Zaichick 2015 [41] ICP-MS 65 21-87 AD 0.000158 ± .0.000054 -
Zaichick., et al. 2016 [42] ICP-MS 28 21-40 AD 0.000182 ± 0.000085 -

27 41-60 AD 0.000202 ± 0.000083 -
10 61-87 AD 0.000197 ± 0.000133 -
37 41-87 AD 0.000201 ± 0.000097 -

Zaichick., et al. 2016 [43] ICP-MS 32 44-87 AD 0.000160 ± .0.000072 -
Zaichick., et al. 2016 [44] ICP-MS 37 41-87 AD 0.000160 ± .0.000073 -
Zaichick., et al. 2017 [27] ICP-MS 37 41-87 AD 0.000160 ± .0.000073 -
Zaichick., et al. 2017 [45] ICP-MS 37 41-87 AD 0.00019 ± 0.00008 0.00009-0.00042
Zaichick 2017 [46] ICP-MS 37 41-87 AD 0.000160 ± .0.000060 0.00012-0.00036
Zaichick., et al. 2019 [47] ICP-MS 37 41-87 AD 0.000160 ± .0.000060 0.00012-0.00036
Median of means 0.000168
Range of means (Mmin - Mmax), <0.00012 – <0.03
Ratio Mmax/Mmin (<0.03/0.000155) = <194
All references 14

Table 1: Reference data of Be mass fractions (mg/kg wet tissue) in “normal” human prostatic tissue. 
M – arithmetic mean, SD – standard deviation of mean, ICP-MS – inductively coupled plasma mass spectrometry, AD – acid digestion.
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Table 1 summarizes general results from the 14 publications. 
The retrieved studies involved 645 persons. The ages of men were 
available for 13 papers and ranged from 0-87 years. Information 
about the analytical technique and sample preparation used was 
available for 13 articles. In all studies Be contents were determined 
by inductively coupled plasma mass spectrometry (ICP-MS). The 
method used was the destructive analytical technique, as it needs 
in sample acid digestion for a measurement. 

Figure 1 illustrates the data set of Be determinations in 14 stud-
ies performed from 1962 to 2020.

Figure 1: Data on Be content in normal prostate tissue  
reported from 1962 to 2020.

The range of means of Be contents published for “normal” 
prostate varies widely from 0.000155 mg/kg [40] to <0.03 mg/kg 
[29] with median of means 0.000168 mg/kg (on a wet mass basis) 
(Table 1). In one study in the age group 61-87 years old persons 
the content of Be was quantified in a few prostates, because level 
of this element in all other investigated glands was under detec-
tion limit (DL) [40]. In this investigation for the group of old men 
the possible upper limit of the mean (≤M) for prostatic Be content 
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: 
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where Ci is the individual value of Be 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 = ni + nj is number of investigated samples. 

This variability of reported means (0.000155-<0.03 mg/kg of 
wet tissue) can be interpreted by a dependence of Be mass fraction 
on many factors, including analytical technology irregularity, dif-
ferences in “normal” tissue definitions, age, ethnicity, diet, smok-
ing, alcohol intake, possible inhomogeneous distribution of the 
metal throughout the gland volume, consuming supplemental Zn 
and Se, and others. Not all these factors were strongly controlled 
in the published investigations. Furthermore, the very short list of 
published data not allowed us to estimate the influence of all these 
factors on Be mass fraction in “normal” prostate.

Analytical method 

The trend line of Be mass fraction data in “normal” gland (Fig-
ure 1) illustrated that an improvement of analytical techniques 
during last almost 60 years impacted noticeably on published re-
sults. Most probably the leading cause of inter-observer variability 
was a poor sensitivity of analytical methods and a lack of strong 
quality control of result in old study published in 1962 [29]. 

In all reported studies destructive analytical method ICP-MS 
was applied. This analytical technique needs in acid digestion of 
the investigated samples at a high temperature. There are distinct 
proofs that use of this processing causes some quantities of TEs 
to be lost [35,55,56]. And conversely, the Be content of chemicals 
applied for tissue decomposition can contaminate the prostatic tis-
sue samples. Thus, when using ICP-MS with complete acid diges-
tion of the sample, it is necessary to allow for the losses of TEs. 
Then there are contaminations by TEs during acid digestion of the 
sample, which needs in addition of some chemicals. It is possible 
to avoid these problems by utilizing non-destructive methods, but 
up to now there are no analytical techniques which allow quantify 
Be level in “normal” prostate without sample decomposition. It is, 
therefore, logically to assume that the strong quality control of re-
sults is very significant factor for using the Be level in prostate as 
bio-indicator. 

Age 

In a few studies, which applied the comparison of different age 
groups or the Pearson’s correlation between age and Be mass frac-
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tion in prostate, it was no found a remarkable alteration of Be level 
with increasing age [40-42]. These facts allowed us to assume that 
age does not impact on the Be level of “normal” prostate gland.

Androgen-independence of prostatic Be levels

There was not found a meaningful difference between the 
means of prostatic Be content in the group of teenagers before 
puberty and the group of post-pubertal teenagers together with 
young adults [9,13,14]. These data allowed us to suppose that there 
are no any associations between the Be mass fraction in “normal” 
prostates and the level of androgens. However, publications on the 
correlation between the Be level in “normal” prostatic tissue and 
the concentration of androgens in blood were not found. 

Be intake 

The general population can be exposed to low levels of Be 
through consumption of food, ingestion of drinking water, and inha-
lation of ambient air [30,33,34,57]. One may also be exposed to Be 
through skin contact, with plastics, sports equipment, instruments, 
gemstones and other Be-containing things [33,58]. Be exposures 
were also reported as a result of smoking (active and passive), be-
cause Be as a chemical component, occurs naturally in tobacco and 
may be inhaled from cigarette smoke [30,58-60]. Another source of 
exposure to Be may be Be-containing dental alloys used in dental 
fixed prosthodontics [61,62].

Be is considered as elements with an extremely high toxic po-
tency for human and animal organisms. Moreover, Be is considered 
as a latent health hazard with potential risk of toxicity in humans 
within regions of "natural" pollution by this element [57,58,63,64]. 
In order to prevent Be poisoning, its content must not exceed the 
safe limits for food, drinking water, and air. 

An average Be daily intake was estimated to be 0.005-0.100 
mg/day [30]. Health-based guidance values used for risk charac-
terisation of exposures to Be was accepted to be 0.002 mg/kg body 
weight/day [65]. Most foods have Be concentrations below 0.100 
mg/kg [30], but, for example, in New Zealand Be level in foods is 
almost five times lower and it does not exceed 0.022 mg/kg [66]. 
Be contents in dairy products, meat, poultry, eggs, vegetables, fruits 
and fruit juices, nuts, beverages, including vine, and other foods de-
pend on this metal level in soil [58] and the reported mass frac-
tions ranged from 0.001mg/kg in soya milk to 0.022mg/kg in salad 
dressing [66,67]. There are natural geochemical provinces with 

anomalous high levels of Be in soils [67] and areas with mainly an-
thropogenic sources of Be contamination [68]. For example, the av-
erage of Be content in U.S. soil is 0.63 mg/kg and to range from less 
than 1 to 15 mg/kg [30]. Marine organisms may be other dietary 
sources of Be [58]. 

Concentration of Be in waters of different types variate very 
widely. The average concentration in drinking water and surface 
water is 0.00019 mg/L. and 0.0019 mg/L, respectively [30]. Aver-
age concentrations of Be in U.S. tap water and bottled water are 
determined to be 0.013 and less than 0.1 µg/L, respectively [30] At 
present, no health-based guideline values exist for Be in drinking 
and tap water [58].

Be concentration in air can be traced from atmospheric deposi-
tion and it is varied very widely. For example, data on the average Be 
concentration in air of UK published in 2016 (0.00787 ng/ m3) [69] 
are four times lower than the average concentration of Be in air of 
the United States (0.03 ng/m3) [30]. In air of U.S. cities the aver-
age concentration of Be was almost one order of magnitude higher 
(0.2 ng/m3) [30]. However, in air of some workplaces the Be con-
centration can be more than four orders of magnitude higher than 
this value [58].

Other potential sources of Be exposure include active and pas-
sive tobacco smoking. Be presents in cigarette smoke and poses 
health threats to the life of smokers as a result of direct inhalation 
and at the same time elevates health risks to non-smokers present 
in the vicinity of smokers [60]. Range of this metal mass fraction 
reported in cigarette tobacco produced in U.S. was estimated to be 
0.016-0.017 mg/kg tobacco [59].

Furthermore, over the last decades the use of Be-containing 
dental alloys in dental fixed prosthodontics, has created an entirely 
new source of internal Be exposure [61,62]. Corrosion and wear 
produce soluble metal ions and metal debris in the form of huge 
numbers of wear nanoparticles, with systemic dissemination in 
human body.

Aside from the naturally occurring sources, exposure of people 
to Be is limited to inhalation and dermal contact during occupa-
tional processes. The exposures occur mainly during production of 
Be pure metal, Be oxide and an alloy with copper, aluminum, or 
nickel [70].
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Be content in body fluids, tissues and organs

The total content of Be in the body of adults is about 0.036 mg 
[71]. A quarter of this amount (about 0.009 mg) is located in the 
skeleton, which is the major storage pool for long-term Be accumu-
lation [30,71]. Among soft tissues of human body principle organs 
of Be retention are lung, lymph nodes, liver, and kidneys [71-73]. 
Information on Be content in human organs and tissues is very 
limited. Baumgardt., et al. reported range of Be contents (0.0003-
0.0045 mg/kg of wet tissue) in the 125 samples of lung which 
were obtained from the subjects exposed only to environmental 
levels [74]. Reported Be levels in whole blood of healthy persons 
0.00048-0.00071 mg/L [75] are below data for Reference Man 
(0.001 mg/L) [30]. In recent study the mean Be content in blood 
plasma was estimated to be 0.00007 ± 0.00003 mg/L [76]. Since 
the median of prostatic Be content means obtained in the present 
study (0.000168 mg/kg of wet tissue) almost equals the metal level 
in lung and more than two times higher the blood plasma level, we 
can conclude that the prostate gland is also a target organ for Be.

Be, as all other natural chemical elements of the Periodic 
System, presents in all components and objects of biosphere 
[35,77,78]. During the long evolutional period the Be intakes in or-
ganisms were more or less stable and organisms were adopted for 
such environmental conditions, but, as was mentioned above, until 
now there are no data on any biological function of Be in organ-
isms [79]. The situation with Be presence in biosphere began to 
change after the industrial revolution, especially over the last 100 
years. Although Be was discovered in 1798, it only became com-
mercially significant in the 1920s [80]. Be is lighter than alumi-
num and six times stronger than stainless steel [80]. Because of its 
strength, electrical and thermal conductivity, corrosion resistance, 
and nuclear properties, Be products are applied in the sphere of 
the nuclear weapons, aerospace, and atomic energy, as well as in 
automotive, electronics, and medical industries [63].

Be as pure metal is used to make components in aircraft, X-ray 
equipment, space optics and precision instruments, satellite struc-
tures, missile parts, neutron reflectors, nuclear weapons, fuel con-
tainers, rocket propellants, navigational systems, heat shields, mir-
rors, high-speed computers, audio components, and is also used 
as an acid catalyst in organic reactions [58]. Be compounds are 
used to produce Be metal and Be-containing alloys with cooper (4-
4.25% Be), aluminum (20-60% Be) and nickel, in nuclear reactors, 

high-temperature reactor systems, glass-making, high-technology 
ceramics, electronic heat sinks, electrical insulators, microwave 
oven components, gyroscopes, military vehicle armor, rocket noz-
zles, crucibles, nuclear reactor fuels, thermocouple tubing, lasers, 
high-density electrical circuits, automotive ignition systems, and as 
a catalyst for organic reactions, an additive to glass, ceramics, and 
plastics, construction materials for automobiles, computers, sports 
equipment (e.g., golf clubs and bicycle), dental bridges, springs, 
nonsparking tools, submarine cable housings and pivots, wheels, 
pinions, telecommunications devices etc. [58]. 

Thus, metallic Be, Be-contained alloys and Be compounds are 
ubiquitously distributed in environment and food, water, and air 
everywhere contain this element. Besides the abundant natu-
ral sources of Be, there are a large number of industrial produc-
ers of Be to the soil (through atmospheric emissions originating 
from residues from coal, oil, and gas combustion, power plants, 
aluminum and other non-ferrous metal production, urban refuse, 
mine tailings, smelter slag, waste), water (through irrigation and 
industrial liquid waste, livestock dips, and wastewater sludge ap-
plication), and air (Be may be released from residues from coal, oil, 
gas and waste combustion, power plants, aluminum and other non-
ferrous metal production, urban refuse, mine tailings, smelter slag) 
contamination [33,34,58,70]. The anthropogenic emission of Be 
was estimated as 187 tons annually [33,34]. Interestingly remark, 
that natural sources of Be release to the atmosphere, such as wind-
blown dust and volcanic particles, are estimated to account for 5.2 
tons per year, or 2.6% of total emissions [33]. From the polluted 
environment this metal is subsequently introduced into the food 
chain and for the general population, the food is the main source of 
exposure to Be [33,34,58,70]. 

Be is an important product in the world industry. The world 
production of Be in 2019 was estimated to be 260 tons [81]. The 
world's largest producers are U.S. (170 tons) and China (70 tons). 
Since the use of Be is linked to the rapidly developing modern tech-
nologies, we can suppose that over the years, the need of industry 
in this metal and its components has increased significantly and 
would continue to increase in the future. Some estimates expect 
demand to grow to over 450 tons by 2030.

As was mentioned above, an ingestion or inhalation of Be low 
dose by humans can cause a variety of disorders. Acutely it causes 
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such disorders as pneumonitis, cough, chest pain, dyspnea, pneumo-
nia, conjunctivitis, rhinitis, pharyngitis and others [58]. Chronically, 
it results in sarcoid-like granulomata mainly in the lungs (chronic 
beryllium disease) and is occasionally subcutaneous [58,63,70,82]. 
Furthermore, as was shown in the experimental studies, Be and Be 
compounds are cytotoxic and genotoxic [21,30,31,33,34]. More-
over, an increase in potential risk of lung cancer and tumors of the 
central nervous system was observed among workers exposed to 
Be [20,32,64]. Precise molecular mechanisms by which this metal 
causes healthy cells to transform to malignant states have yet to be 
fully defined [21,31,38,83].

Thus, for unpolluted regions, according our systematic review, 
there are no information could explain the variability of reported 
means for “normal” prostatic Be content from 0.000155 mg/kg to 
<0.03 mg/kg of wet tissue. Moreover, prostatic Be contents dem-
onstrated large variations among individuals, but reasons of these 
variation remain unknown. It is, therefore, reasonable to assume 
from results of our review that inaccuracy of analytical techniques 
employed caused so great variability of reported means for pros-
tatic Be contents. This conclusion was supported the fact that the 
Certified Reference Materials for quality control of results were not 
applied in old investigations, which data were reflected by Zakutin-
sky., et al. [29]. 

There are some limitations in our review, which need to be tak-
en into consideration when interpreting the obtained results. The 
sample size of each reported investigation was sometimes rela-
tively small (from 10 to 65), and a total of 645 “normal” prostate 
glands were analyzed from all 14 articles. As such, it is difficult to 
draw definite conclusions about the reference value of the Be level 
in “normal” prostate as well as about the clinical value of the Be 
content in “normal” prostates as a bio-indicator.

Conclusion
The present systematic review is a comprehensive study re-

garding the determination of Be content in “normal” human pros-
tates. With this knowledge Be levels may then be considered as a 
bio-indicator for the recognition of prostate disorders and primary 
such as PCa. The review has demonstrated that value of Be content 
in “normal” prostates depends on many unknown factors. Because 
of the uncertainties we have outlined, we recommend other prima-
ry studies with the strong quality control of results be performed.
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