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1
INTRODUCTION

Knowledge of minor elements in animal and human

nutrition is of continuing interest. By definitien,
trace elements, minor elements, or micronutrient elements

are "chemical elements that are distributed throughout the
tissues in very small amounts and are either essential in
nutrition...or may be harmful...” (1).

At one time, sirontium, a trace element found in ‘human
tissue, was believed to be beneficial, but further studies
have identified its damaging properties. Originally
discovered from a lead ore and barytes mine in the Northwest
Highlands of Scotland by Sir Alexander Murray in 1722, stable
strontium and its radioactive isotopes now appear to threaten
man's health. Radioactive forms of strontium are by-products
of uranium fission within a chain reaction pile. Fallout
carries radioactive strontium throughout the atmosphere
making man's food chain susceptible to contamination.

Whén strontium contaminated plant and animal sources
are ingested, both stable and radiocactive forms are deposited
in the skeletal system of the body. With the deposition and
retention of radiocactive strontium in body tissues, irreversible
internal radiation damage occurs by the relentless
Setaeparticle emission during it's radiocactive half-life.
Absorption of radicactive strontium predisposes human beings
to two forms of carcinoma, leukemia and osteosarcoma.

Age, dietary calcium and phosphorus intake levels, and
physiological status are factors that affect strontium
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accumulation in the body. Researchers believe that diets
containing concentrated stable strontium inhibit caleium
absorption anﬁ synthesis of intestinal caleium-binding protein.
Inhibition results from blockage at the 25-hydroxycholecalciferol
conversion site in the kidneys.

Methods have been developed to measure the levels of
radiocactive strontium retention and their inhibitions.,
Therapeutic trials with radicactive strontium tracers have
shown several metabolic sites of physiological discrimination
in the body. Stable strontium metabolism, under conditions
of normal dietary intake, is controlled by natural discriminatory
mechanisms in man and animals throughout their life cycles.

Current strontium research developments suggest a
counteractant which completes the czlcium absorption ecycle
by avoiding strontium inhibition. Although tested in
laboratory animals only, extracts from calcinogenic botanical
sources and structural analogs have been demonstrated to be
effective in stimulating calcium absorption by overcoming
inhibition and enhancing the body‘'s natural discriminatory
ability. However, this has not been substantiated with

human studies.
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REVIEW OF LITERATURE

Inorganic Chemistry

Strontium, characterized by an atomic number of 38 and
an atomic mass of 87.62 daltons, belongs to the alkaline
earth family. It is grouped with five elements known to be
hard metals: beryllium, magnesium, calcium, barium, and
radium. Their oxides have properties that are between
alkall and earth elements. Strontium normally occurs in the
+2 oxidation state and is strongly electropositive. This
bivalence is created by the presence of two electrons in the
outer s shell of each neutral atom. Since the electrons are
released with comparative ease, a2 stable electrbnic structure,
such as found in an inert gas, results with two resicdual
positive charges in the nucleus (2), However, an univalent |
state of strontium ions has been detected in conductivity
and freezing point studies of the molten strontium halide
in equilibria (2).

Strontimm (ariginally called strontia) was first distinguished
from barium carbonate in 1790 by A. Crawford of Edinburgh from
a2 lead mine in Strontian, Scotland (3). Davy, in 1808,
electrolyzed metallic strontium with mercuric oxide and
isolated the free metal (4).

Because of strontium's reactivity, it is zlways Zound
in nature as a2 compound rather than in the free state. 1In

its natural state, strontium is composed of four stable
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isotopes: 8 8

87Sr. 8Sr (5). Their average

and
relative abundance on a2 unit basis is as follows: 0.56%,

9.86%, 7.02%, and 82.56%, respectively. Strontium is
tweﬁty-second in atomic aﬁundance of elements present in

igneous rock. Twelve remaining unstable radiocactive isotopes

also exist. They are: 81Sr. BZSr. 835:-. 85S:.'-. 8981'. 9°Sr.

915:, 925:'. 935:, 9"’51‘. 95sr ana 97sr (6).

Upon bombarding, a2 mixture of the four naturally occurring
stable isotopes of strontium with neutrons, produces the
radiocactive isotopes. The number of isotopes produced is
dependent on the nuclear properties of the original four isotopes,
the proportions present, zand fheir individualneufron energies.
More specifically, the nuclear property of an isotope will

determine its ability to receive a neutron, or its neutron

.capture cress-section (2). After isotopes are formed, they

tend to decay by loss of electrons (B~) or positrons (8%) or by
orbital electroﬁ capture, depending upon the neufron capture
eross-section ability of the individuzl isotope. The
cross-section of the nucleus is the collision probzbility
between the nuclear size and the bombarding particle (2).

The isotope's neutron capture cross-section character also will
affect materially the length of the half-life period.
Characteristically, most radioactive isctopes have long half-lives
and limited activities. A half-life is the time in which the
radiocactivity originally associated with a sample of isotopes
will be reduced by one half through radicactive decay. The
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half-life of the remaining sample will be equal in duration
to that of the original specimen (1). Adequate availability
and lengthy half-life periods are required for successful
radioactive tracers (2).

Strontium oxides, hydrbxides. carbonates, and sulfates
are the most common chemical combinations found in nature.
Sr0, a white solid oxide with a melting point of 1300-1400°,
tends to react slowly with moisture and carbton dioxide in |
2ir to form the hydroxide or carbonate. The exothermic
reactions are (2):

Sro + H 0=——2>5r{0H),

Sro + <::32——>s:-co3
Strontium peroxide, SrOZ, strontium superoxide, strontium
octahydrates and dihydrogen diperoxides are alsoc known, and
are formed by hydrating suitable grades of s+trontium oxide.

Formed strontium hydroxides are used in refining of
beet sugar. S<rontium hydroxide, Sr(OH)z, forms by rapiad
exothermic reaction of cold wziter with the carbonate(2):

Srce, + Hzo—%'s:-{ox)z + C0,
When strontium hydroxide reacts with acid, hydrogen and the
divalent caticn evolve vigorously (35).

Carbonates of all z2lkaline earth metals are distributed
widely. Strontium carbonzate, SrCOB. is 2 primary source of
other strontium salts and chemicals, and is highly stable to
heat, Sfrontim ions haie the largest lattice structure found
in aragonite rock (2).
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Strontium combines energetically with other non-metal
elements to form ionic compounds of halides, hydrides,
nitrates, sulfides, and other complexes. The halides of
strontium include strontium chloride, strontium bromide,
and strontium iodide., Generally, strontium dihalides exist
as very scluble white crystalline solids, and are formed
by dissclving strontium carbonate in the specific halogen
acid. Bromide and iodide strontium forms are found commonly in
medications as pharmaceuticals and sedatives,

Strontium hydrides, SrHZ. are insoluble in common
organic and inorganic solvents. They are strong reducing
agents that liberzte hydrogen, and can be used as drying
agents, and a portable hydfogen source. Crystalline hydrides
of strontium resemble mica.

Nitrites, nitrates, nitride halides, and azides are
prepared by direct combination of the elements with strontium.
Strontium nitrate, produced by rcacfing nitric acid with the
carbonate or oxide forms a monoclinic crystal as a tetrahydrate
when placed in a cold solution (2), When the anhydrous salt
combines with combustible elements, such as carbon and sulfur,
the volatile salts impart a crimson color to flames. This
procedure is used in the production of pyrotechnical products.

Sulphides, selenides, tellurines, and phosphors, have
properties dependent on the purity of the strontium material.
Strontium suifate occurs as an anhydrous mineral; it is

insoluble and has no known physiclogical effect. 3Sulfites
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and bisulfites of strontium are formed easily and decompose

to sulfur dioxide when hezted. The phosphides, phosphines,
phosphites, hypophcsphitgs, phosphates, insolubls
hypophosphates and strontium acid salts'can be prepzred also.
Beronides, czrbides, and acetylides cé.n be produced and
are marginally stable. Strontium forms anhydrous aluminztes,
silieates and 2luminosilicates, that are isomorphous with
magnetoplumbite, and szlts of oxyzacids with hypochlorites,
anhydrous perchlorates, hydrates and ammonizates. Titanztes
of strontium occur naturally as impure compounds. iHowever,
titanates prepared from double strontium oxalate provide an
extremely high refractive index of the boule, and are nore
common (2). Their optical disperisons are zlmest zs high
2s that of diazmonds, and the gemstones zre very brilliant.
Organometallic compounds of strontium include alkyl and
aryl derivatives; Cyclopentadienyls of strontium are rather
unstable, and occurrence of dizlkyls has been reported.
Complexes of strontium form only with ligands having strong
~ donor properties, such as ammonia, Cther strontium compounds

include zcetates, alkoxides, chlorates, and permanaganates.

Occurrence

Strontium is distributed commonly throughout the earth's
erust. As an zlkaline earth element, strontium is found in
igneous rock with insoluble minerzls znd complexed with

silicates. The estimated percent composition of strontium
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in the earth's crust is 1x16°° (7). Strontium deposits tend
to leach through the soll by weathering; it is never found in
the free state, but rather, because of its low electronegativity,
it bonds with nonmetallic elements such as oxygen.
Its distribution is controlled by the extent that
strontium can substitute for Ca2+ ion in common calcium-bearing

rocks. This reaction is governed by the z2bility potassium
feldspar can act as a cation exchange resin and substitute

sr*? for k¥ ions (8). The bivalent vapors are in an eight-fold
coordination that enables strontium to act as a dispersed
trace element in igneous rocks, and become concentrated to
form its own minerals as in hydrothermal deposits and
carbonate rocks. Its chief mineral deposits are celestite,
SrS0,, and strontianite, SrCDB. These compounds are very
similar to the corresponding calcium compounds in both
physical and chemical properties., Celestite is more abundant
than strontianite, and it is very slightly soluble only in
acids. It is light blue to white in color, transparent in
thin layers, and translucent in mass., Strontium metal is
prepared by electrolysis of the fused chloride mixed with
potassium chloride, or by reduction of strontium oxide with
aluminum in 2 vacuum furnace at temperatures which distill
off strontium (4).

Strontium is deposited in igneous rocks such as plagioclase
feldspar and apatite, where strontium ions heve replaced calcium

ions (B)., Strontium is found also in pyroxenes and biotites.
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Traces of strontium occur in nearly all limestone and dolomites,
and small amounts are present in natural brines of high

czlecium chloride and low sulfate content (2). HNitchell (9)
states that limestones contzin about 1,00C pom strontium, and
dolomites contain less, sometimes much less than 100 ppm.
Strontium is involved initially in the crystalization of magma,
and decreases in concentration zs the magma cools. Average
concentrations of strontium in rock types are listed in

table 1 (8).

Strontium deposits are located at or near some tide
waters. In studies a2t the Zast Bay of Port au Port 3ay,
Canada, strontium was found frequently with deposits of
barium and barium sulfates (10). There are many areas of
strontium mining. Celestite ore is mined in Gloucestershire
and Somersetshire, Grezt Britian. Other areas of celestite
deposits include Sicily, Italy, lexico, United States, Canada,
USSR, France, India, znd Tunisia., WMNexico is the chief source
of high grade celestite in North America. Germany is the
largest producer of ctrontianite ore from limestone
deposits in Vestphalia, Prussia.

General uses of strontium compounds include munitions,
tracer bullets, +tracer shells, signal flares, star shells,
and other pyrotechnical signals znd fireworks. Furthermore,
strontium compounds are used in the production of fillers and
brightners for paints, lacquers, plastics, hard rubber,

linoleum, asphaltic materials, and as fluxing agents for
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steel melting, where high concentrations of sulfur and phosphorus
exist. Other uses are in chemical, pharmaceutical, and ceramic
processes. Metallic strontium has no commercial use, but small
quantities are applied in tﬁe alloying process of copper with
tin and lead. Strontium has been replaced by less costly

substitutes gince its current cost is $1'+.951 per pound.
Although naturally occurring strontium contains four
stable isotopes, fourteen radiocactive isotopes can be prepared
from it artificially. These short-lived radiocactive isotopes
are used to date various rocks and minerals. Radioisotopes
are of great value in tracing biological compounds in vivo and
in vitro (11). In tracer studies, 89sr ana 9% isotopes are
used, normally. These beta-emitters are often used to determine
radioassessment in fission product and failout studies with a
Geiger or other proportional counter. In neutron-activated Sr
samples, BSer. Bssr. B?er. and 895r are observed; sngr
is present rarely. These isotopes are used most commonly
for short-lived monitoring of gamma rays measured by
scintillation counter or spectrometer. Whem fission product

88

mixtures are used, mass numbers above Sr are present.

Radioactive 91sr ang 925r, emitting both betz and gamma
radiation of short half-lives, can be counted with Geiger,
proportional or scintillation counters., Because of the
excessively short half-lives, other beta emitters, 93Sr.

1Turtox/bgmbosco. (1977-78) Catalog. MacMillan Science
Co., Inc., Chicazo, Illinois.
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9“Sr. 958r, and 97Sr, can not be observed accurately. In
tracer studies using those short-lived isotopes, they are
permitted'm:&eeay"undatgeted 2s long as isotopes of 895r and
9°Sr'are.maasnred -

Radioactive 9°Sr igs of greatest importance because
of its longer half-life than other isotopes. With a half-life
of 28 years, it is one of the best long-lived high energy
beta-emitters known, and of special interest in the
development and use of SNAP (Syszems for Nuclear Auxillary
Power) devicdes (4). SNAP devices are used in space vechicles,
renote weather stations, navigational bucys and other
transmission ecuipment requiring a2 lightweight, long-lived,
nuclear-electric power source. However, despite the

. 0 F o s . :
importance of I Sr for transmission purposes, 1% rresents

2 hezlth hazard as 2 nuclsar fall-out product.

lethod of analysis

There are many methods of analysis that can be used for
the determination of strontium in biological and inorganic
systems. These include general gualitative and semigquantitative
methods 2s sugzested by Goodenough and Stenger (2).

In classiczl analyses, strontium cations are removed by
precipitation with chlorides, sulfides, or hydroxides.
Strontium is z2lways present as z member of a triad with
caleium and bazrium. All three are precipitated by adding

ammonium carbonate in the presence of ammonium hydroxide and
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ammonium chloride. The hydroxyl-ion concentration is lowered
by the chloride to prevent magnesium hydroxide from precipitating,
The resulting carbonate forms are tested for strontium
individually by dissolution in 2 minimum of dilute hydrochloric
or nitric acid. The presence of strontium or barium is
ascertained by the formation of a white precipitate from the -
element in a saturated csolution of calcium sulfate. During
separation, barium is precipitated with dilute solutions of
potassium dichromate in agueous acetic acid. When excessive
strontium is present, it is precipitated with calcium by
ammonium oxalate in dilute acetic acid.

In order o ldentify the presence of strontium, a
flame test is conducted followed by analysis of the emittegd
color.by a prism spectroscope. Strontium is observed as
brick red, calcium as orange-red, and barium as green (7).
Currently, approximate quantitative anazlysis for strontium is
based on this procedure of speciral lines or bright-line
emission spectrum (7). Flame photometry, emission methods of
arc or spark s?ectrography, and stomic absorbance measurement
yield comparable results,

Christian has reviewed the procedures for determination
of strontium by flame photometry, ztomic absorbance, and
emission spectroscopy (12). Gravimetric and titrimetric
methods of gquantitative analysis of strontium are used rarely
because of the ﬁatura;mggyplexes with calcium, and the

relative scarcity of strontium.
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Neutron activation analysis is the most sensitive detection
method for strontium and x-ray fluorescence is the second.
Neutron activation analysis is very sensitive for analyzing
trace elements, because only a few radioactive atoms are
necessary for detection. Sensitivity of analysis is dependent
on the neutron flux, the cross-section from the neutron
capture by the element, the half-life of the induced radioisoctope,
and the time of irradiation (13). A principle advantage
of neutron activation analysis is that the sample needs no
ashing, and, once it is activated ta.total radiocactive
conversion, little danger of contamination occurs because of
the minute sample required. The x-ray fluorescent method
requires the irradiation of a strontium sample. Radiant energy
{rom short wavelengths such as gamma rays, X-rays, ultraviolet
rays or of kinetic energy from fast-moving particles such as
be+ta and alpha particles, zre used to excite strontium.

atoms to emit radiant energy of a wavelength that can be detected

and recorded (7). These emissions can be observed and
recorded on photographic material.

Isotope dilution mass spectrometry (positive ray analysis)
is used for strontium determination in geochemical studies.
I+ shows the relative isotopic abundance of a2 sample as
detected and described by the intensities of the lines
obtzined on either the mass spectrograph, mass specirometer,
radian spectrometers, magnetic lens spectirometer, crossed-field

spectrometers, or sector spectrometers (14). Jury and his
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co-workers (15) used flame photometry, neutron activation,
spectrochemiczl and emission spectroscopy to determine
strontium content in living tissues.

Radiochemistry of strontium

Radiochemiczl analysis is essentizl for the control of
and protection from radicactive materizls and atomic
energy. Hany methods are used to monitor environmental
conitamination and razdicactive waste disposzl. Contamination
of foods is the most important concern. Radiocactivity occurs
naturzlly, but the greatest concentration is generated from
nucleér energy. 7

Most naturally occurring radiocactive isotopes have 2 high
nuclear charge and mass. Nuclei that exist with a2 charge
greater than 83 are considered radiocactive. Isotopes with
charges of 81, 82, and 83 are unstable (14). There are =z
few existing radioactive isotopes with lower charges.

In many cases, radiocactive strontium isotopes are
produced by neutron reactions resuiting from fission. When
uranium is bombarded, four B~ activities are produced, and
through neutron capture, complete rupture of the uranium
nucleus occurs. Lanthanum (La), strontium (Sr), yttrium (Y),
and inert gas, xenon (Xe) or krypton (Kr), or an alkali metal
cesium (Cs) or rubidium (Rb) are produced (14). Isotope
products of early radioactivity experiments were 85Sr-.' 893:-.

and 9°Sr. that deteriorated by beta-particle emission and had
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lengthy half-lives., Radioactive 85

Sr, emitting gamma
radiation, has = half-1life of 64 days; O9Sr has a half-life
af 53 days with a breakdown to 89Y which is stable; and
9OSr'has a half-life of 28 years with a breakdown to

90y, that further deteriorates to °°2zn, the stable form.
These successive transformations of chain branching from
radicactive strontium to yttrium during their natural
disintegration series are related to their individual
chemical properties in accordance with the following

displacement laws (14):

1. VWhen an element emits an alpha particle, the product
has the properties of an element two places to the left of the
parent on the periodic table.

2. V¥When an element emits a2 beta particle, the product
has the properties af an element one place %o the rigﬁt of
the parent on the periodie table.

In the radioasszy of solutions contazining radicisotopes
of strontium, particular attention is pzid <o the individual
decay schemes and emitted radiation. O0f conciderable
importance are the half-life, type of radiation, and energy of
radization. In general, radiochemical analysis is conducted
by adding a known amount of stable strontium isétope as a
carrier for the radiocactive strohtium isotope sought, and
after purification of the sazmple, the mezsured radiocactivity

is corrected for chemiczl yield by the amount of carrier



