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ABSTRACT: We graphically characterized the fact
that 92 naturally occurring basic elements from the
Periodic system, and defined by the different atomic
number (number of protons), represent the unique
population of 1507 simple substances of different
isotopes where the isotopes of the same element share
the same number of protons and different number
of neutrons. We use the term «pleiad» for all the
isotopes of the same atomic number, i.e, element. All
elements have isotopes starting with hydrogen ('*H),
peak up with indium having 35 different isotopes (mass
numbers 9121123, and close up with uranium having
15 isotopes (?-2%U). All the isotopes of all the elements
that share the same mass number with a certain
member of the pleiad were named the «element
cluster». Thus, the element cluster of the shortest span
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is *H having three hydrogen’s and one helium (3 H,
1 He), where *H and *He share the same mass numbers.
The largest element cluster span was observed for tin
(108-130.1328n) comprising 216 different isotopes (1 Ru,
4Rh, 10Pd, 16 Ag,20 Cd, 33 In, 31 Sn, 29 Sb, 24 Te, 161, 14
Xe, 7 Cs, 6 Ba, 4 La, 1 Ce). Some isotopes have one, two,
or even three varieties with the same mass number
what, when presented graphically, gave the impression
of the fish skin (Russian «cheshuya») where the
isotopes became virtually interdigitated in intriguing
patterns. The results are discussed relative to the Gestalt
phenomena in biology, possible biological classification
of the Periodic system, and bioelement/trace element
(B/TE) interactions.

PE3IOME: ABtophl rpacdudecku oxapakTepu3o-
BaJIM TOT hbaKT, YTO 92 OCHOBHBIX MPUPOJAHBIX XUMU-
yeckux anemMeHTa [lepruonmyeckoil cuctemsl, orpeje-
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MHUKPOSJIEMEHTbBI B MEJIWUILIMHE:
INPOBJIEMHBIE CTATbU

JIieMble aTOMHBIM HOMepoM (YHCIIOM TIPOTOHOB),
npenactaBieHbl HabopoMm n3 1507 pasHBIX M30TOIIOB,
IJie U30TOIBI OTHOTO 3JIeMEHTa UMEIOT OIMHAKOBOE
YHUCJIO MPOTOHOB, HO pa3HOE YMCIIO HEUTPOHOB. ABTO-
PBI MCMOIB30BaI TEPMUH «IUIeSIIa» ISl COBOKYITHO-
CTH M30TOTIOB C OTHUM aTOMHBIM HOMEPOM, T.€. OTHO-
ro seMeHTa. M30TOMBl MMEIOTCS Y BCeX 2JIEMEHTOB,
oT Bogoponaa ¢ tpems ('“H) mo ypana ¢ 15 uzortoma-
mu (?72U). Hanbosblilee KOIMIeCTBO M30TOTIOB MMe-
eTcsd y uHAUS: 35 ¢ MaccoBbIMM unciaamMu 106—121 u
123. CoBOKYITHOCTb BCEX M30TOIOB 3JIEMEHTa U U30-
TOIOB M3 JIPYTUX TUIESI, COBIAAAIONINX ¢ HUMU TIO
Macce, Ha3BaHa «dJIeMEHTHBIM KiiacTepom». Tak, y Bo-
JIopoyia HauMEHBIIWI 3JIeMeHTHBIN KJIacTep, BKITIO-
yatommii 3 nzorona Bomopona ('~ *H) u 1 uzoromn re-
mmsa (CHe). Hanbomnbimit aMeMeHTHBIN KIacTep Ha-
omomaetcs y oioBa (1%-13%1328n) » BimtoyaeT 216 pas-
JmaHBIX n3otoroB (1 Ru, 4 Rh, 10 Pd, 16 Ag, 20 Cd, 33 In,
31Sn,29Sb,24Te, 161, 14 Xe, 7 Cs, 6 Ba, 4 La, 1 Ce).
HexoTopble M30TOITBI UMEIOT He OITHY, a JIBE WU TaKe
TPU Pa3HOBUIHOCTU OJHOM Macchl, YTO B Tpacdudec-
KOM TIPEJCTABJICHNN HATIOMUHAET PBIOBIO YEIIylo.
PesynbraThl 00CyXIaloTCs ¢ TOYKU 3peHUST BOCTIPHSI-
THSI CUCTeMBI KaK IIeJIOCTHOTO oOpa3a, BO3MOXKHOM
omonornyeckoil Kinaccupukaunu Ileprommaeckoit
CHCTEMBI, a TaKXe B3aMMOJIEUCTBHS OMORIeMEeHTOB/
MHKPOBJIEMEHTOB.

INTRODUCTION

Human search for the basic elements (principles,
components) of the Universe is known since ancient
times in both West (fire, earth, air, water,) and East
(fire, earth, metal, water, wood) natural philosophy
tradition. It took almost two centuries since the
emergence of modern chemistry in the 18" century
until all the naturally occurring elements were identified
at the beginning of the 20" century, and the search
for artificial transuranium new elements is still
relentlessly pursued.

Mendeleev (1869) was the first to envisage ele-
ments identity by observing how their intricate qual-
ities depended periodically upon the element weight.
His point of view allows us to observe elements as
strictly defined discrete individualities. What distin-
guished Mendeleyev from the others was his ability
to grasp that the known elements fitted into a scheme
that was predetermined since the elements were not
being arranged to make a periodic table, but fit the
periodic table (Emsley, 2001). Almost 1000 models of
the Periodic system has been developed ever since
(Magzuris, 1974), including one by the first author of
this paper (Momcilovic, 2008).

It was Morley (1913) who first observed that the
periodic arrangement of elements was dependent upon
the atomic number (the number of protons in the
nucleus) instead on the element atomic weight. The
later discovery of isotopes, i.e., the elements of the
same atomic number (number of protons), but
different mass numbers, reflected the importance of
the different number of neutrons in the nucleus having
the constant number of protons. Fajans suggested that

all the isotopes of the same element should be called
pleiad (cit Scerri, 2007), the term we would use in the
same sense in this paper. The emerged controversy if,
in fact, the isotopes were themselves the elements, was
resolved by Paneth (1962) on essentially the semantic
grounds by declaring that the atomic number defines
the basic element whereas the isotopes were defined
as simple substances. It was (incorrectly) assumed that
there is no chemical difference between the isotopes
of the same element (Scerri, 2007).

Today, the leading, albeit reductionistic, paradigm
that attempts to provide the explanation of chemical
reaction based on electronic configuration alone has
been challenged (Pyykko, 1979). Thus, the nuclear phys-
ics view the isotopes in a new light of what is the
nature of the nuclear force that binds protons and
neutrons into stable nuclei and rare isotopes, and what
is the origin of the many simple patterns that emerge
in studies of heavy nuclei. That would require theoret-
ical and experimental investigations of isotopes with
unusual neutron-to-proton ratios where the nuclei
which are typically not found on Earth, are called ex-
otic or rare (Dean, 2007).

The aim of this paper is to address the specific
problem of different element isotopes having the same
mass number (element cluster) and to outline their
graphic characteristic in a novel way. Indeed, that iso-
topes of different elements may have identical mass
numbers is a confounding factor in any mass spectros-
copy analytical technique. Since there are difference
between the physical and chemical methods capacity
in rendering the Periodic system and its constituent
parts, the question arises about the role of biology in
such rendering because of the gestalt phenomena; the
phenomenon where the characteristics of the whole
system can not be deduced by knowing the characteris-
tics of the parts of such a system (Ball, 2004).

MATERIAL AND METHODS

The data from the table of isotopes in the Hand-
book of Chemistry and Physics Heath (1965—1966)
form the basis of this paper. Data were organized such
that elements were arranged in a sequence following
the increase of the element atomic number. Every ele-
ment was presented as a series of known isotopes dis-
tinguished by their mass numbers. Such arrangement,
i.e., all the isotopes of an element, was named ‘pleiad’
as discussed in the Introduction. That allows us to
compare side by side the isotopes of different ele-
ments, i.e., different atomic number (number of pro-
tons) but which, nevertheless, have the same mass
number (number of neutrons). Thus, all the mass num-
bers shared among the isotope of one element with
all the other identical mass number from the other
elements and their isotopes is named «elemental clus-
ter». Since some elements may have two or even three
isotopes of the same mass number, the graphic pre-
sentation of such a data gave a visual impression of
interlocking fish skin (cheshuya in the Russian). The
«Cheshuya» (fish skin) model of mass number pat-
tern of isotopes within an element (pleiad) and be-
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tween the elements (element cluster) allows for the
new insight into the «fabric» of the Universe.

First we graphically presented the sequence of
the «pleiad», i.e., the isotopes, of all the naturally
occurring elements — from hydrogen to uranium. All
the element clusters were presented in the tabular
form. Then we graphically displayed the individual
element isotope «clusters» for every of the flowing
40 elements: Silver (Ag), Aluminum (Al), Arsenic (As),
Gold (Au), Boron (B), Barium (Ba), Beryllium (Be),
Bismuth (Bi), Cadmium (Cd), Calcium (Ca), Cobalt
(Co), Chromium (Cr), Copper (Cu), Iron (Fe), Gallium
(Ga), Germanium (Ge), Mercury (Hg), lodine (1),
Potassium (K), Lanthanum (La), Lithium (Li),
Magnesium (Mg), Manganese (Mn), Molybdenum
(Mo), Sodium (Na), Nickel (Ni), Phosphorus (P), Lead
(Pb), Platinum (Pt), Rubidium (Rb), Antimony (Sb),
Selenium (Se), Silicon (Si), Tin (Sn), Strontium (Sr),
Titanium (Ti), Thallium (T1), Vanadium (V), Wolfram/
Tungsten (W), Zinc (Zn), and Zirconium (Zr). Those
forty elements comprise the multielement profile of
hair and whole blood in our study of human
depression (Momcilovic et al., 2006).

RESULTS AND DISCUSSION

All elements have isotopes starting with hydrogen
('*H), peak up with indium having 35 different isotopes
(mass numbers '%-121123[n), and end up with uranium
having 15 isotopes (**2°U) (Fig.1). All the elements
share some number of isotopes with the other
surrounding elements having the same mass number
and what we name «element cluster». Thus, the element
cluster of the shortest span is '*H having three
hydrogen’s and one helium (3 H, 1 He), where *H and
3He share the same mass numbers. The largest element
cluster span was observed for tin ('0%-130.1328n)
comprising 216 different isotopes (1 Ru, 4 Rh, 10 Pd, 16
Ag,20Cd, 331In,31Sn,29Sb, 24 Te, 161, 14 Xe, 7 Cs, 6 Ba,
4 La, 1 Ce) (Table 1). Some isotopes have one, two, or
even three varieties with the same mass number what,
when presented graphically, gave the impression of
the fish skin (Russian «cheshuya») where the isotopes
became interlocked in intriguing patterns (Fig.2). If
we define all the respective basic and simple elements
as shown in Figure 1, then there is no visible explaining
principle on how and why the number of isotopes
vary from element to element and why there are no
some isotopes which may be expected to occur.
Essentially, such a sequence of basic and simple
elements may be viewed as an elementome (analogous
to genome) where the sequence is known, but not the
principles of its functional organization. New insight
in these puzzling problems is expected by the study of
exotic or rare elements (Dean, 2007).

The results demonstrated that element clusters
may, indeed, be confounding factor in the mass spectra
analysis. Perhaps, more intriguing, is that such element
clusters can give us new insight into the bioelement/
trace element (B/TE) interactions. Except for iodine,
the heaviest known essential B/TE, all the other B/
TE’s are much lighter. However, lithium, one of the

lightest B/TE is the powerful anti thyroid agent
affecting the iodine, i.e., is the heaviest B/TE. One of
the great mysteries in biology and medicine is how
the multicellular body with its different organs
secures the control over the flow of the mass and
energy in the metabolism under the prevailing
conditions when the elements may simply percolate
into the surrounding tissue structures. Moreover, the
mass of the elements appears to be critical for the
sensitivity and specificity of ionic channels, gates, and
pores so essential for the function of any cell of living
beings (Elinder, Arhem, 2004).

Interestingly enough, the essential bioelements and
especially the major bioelements (Na, K, O, H, N, C, P,
and S) have fewer isotopes than the nonessential
elements having the larger atomic numbers. Thus, the
energy cost of metabolic handling of heavier than
iodine elements is not only higher but would also tip
off the delicate mechanism of cellular mechanism/s
to distinguish among the large number of isotopes of
the same mass number, since the choice to select the
right one may be too confusing. That brought up
another puzzling question on how the unity of the
bioelements of the body can be so precisely tuned up
in the midst of the diversity of both intrinsic and
extrinsic factors within the body and around it.

Apparently, the Gestalt phenomena, i.e., that the
whole cannot be deduced by analyzing its parts (Keller,
1985), is a crucial difference between the respective
world of physics and chemistry and that of the biology
and life. Epistemologically, there is no essential
difference between the Gestalt phenomena in biology
of life and uncertainty principle of the quantum physics.
That bring us to the question of contextuality in order
to explain the mutual relationships between the
different components of the system, and why they vary
unpredictably to a great extent if the context is not
known or understood. We may only wonder if it is,
indeed, the single element effect what we are studying
or is it the consequence of the particular «team work»
of elements comprising any given elemental cluster.
Perhaps, some biological experiments need to be
performed by administering the strictly controlled
composition of defined isotope/s to study their
biological implications; thus far we only know that
the biological effects of deuterium and tritium are
different from that of simple hydrogen.

Further the more, it’s intriguing to speculate that,
like there are 15 isotopes of uranium, but only **U is
the important one for the nuclear fission weapon,
that there may be some other isotopes of certain
elements, or clusters of elements, which may have some,
as yet unknown, biological characteristics of similar
significance.
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Fig. 1. Basic elements and simple substances of the Periodic system

O isotope mass number, two isotopes of the same element sharing the same mass number,
B three isotopes of the same element sharing the same mass number
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Fig. 2. Isotopic clusters of some elements
D Single isotope;

DE Two isotopes of the same mass number of one element cover the adjacent isotope of the same mass
number of a different elements;

Three isotopes of the same mass number of one element cover the adjacent isotope of the same
mass number of two different elements;

X Two isotope of the same mass number where there is no corresponding mass number of the adjacent
element.
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