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Beryllium (Be?") is an important industrial metal because of its unusual material properties: it is
lighter than aluminium and six times stronger than steel. Beryllium is a strategic metal due to its
low density combined with its strength, low neutron absorption, high melting point and high
modulus of elasticity. Beryllium is often alloyed with other metals such as copper and is an
important component of materials used in the aerospace, automotive, energy, defense, medical, and
electronics industries. However, beryllium and its compounds are very toxic, especially to the
lungs, skin, and eyes. Beryllium compounds are known carcinogens based on sufficient evidence of
carcinogenicity in humans from human studies. Toxic effects of beryllium include immunotoxic,
allergic, mutagenic, and carcinogenic effects. Mammalian tissues do not excrete it, so the effects
are cumulative and can lead to death at high concentrations. Therefore, removal of Be?" is
important. In this review, the removal of Be?* from water samples by sorption processes using
different sorbents was summarized. The effects of process parameters on the removal of Be** have
been summarized. The work discussed showed that ion exchange resins, various modified
biosorbents metal oxides can be used for the removal of Be?*. The results showed that the pH of the
solution has an important effect on the removal rate. Sorption kinetics vary from 3 minutes to 48h.
When the functional groups are on the surface of the sorbent, the sorption process is rapid.
However, if the surface of the sorbent is covered with oxides such as magnetite, it takes longer to
reach equilibrium. Published work shows that more than 99 % of Be?* can be removed from
solution.
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1. Introduction of 1551 K (1287 °C) is consistent with its

position in the periodic table [1,2].
Beryllium (Be) is a steel-grey, brittle

metal with an atomic number of 4 and an 1.1. Beryllium in the environment

atomic weight of 9.01. Its ground-state Beryllium is the 47" most abundant
electronic structure is given as 1s22s2. It has an element in the earth's crust and is widely
outer shell with two s electrons, characteristic distributed in many types of rocks. Beryllium
of members of group 1A of the periodic table. behaves like a lithophile element in that it
Beryllium's position between lithium and readily combines with oxygen to form light
boron in the periodic table explains its low beryllium oxide compounds, resulting in its
density of 1.85 g/cm®. The density is the enrichment in the Earth's crust rather than in

second lowest of all metals. Its melting point its core. The concentration in the primitive

mantle is estimated to be about 60 parts per
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billion (ppb) beryllium, while estimates of the
concentration of beryllium in the upper
continental crust range from 1.9 to 3.1 ppm
beryllium. Beryllium occurs mainly in the
form of the silicate mineral beryl,
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BesAl2[SieO1g]. It is also present in many
natural minerals, including bertrandite,
BesSi»07(0OH)2 [3,4]. The properties of some
Beryllium minerals is listed in Table 1 [3,5].

Table 1. Name, formula and properties of some Beryllium minerals

Name Formula Colour BeO (percent) Transparency
Barylite BaBe:Si>O7 Colourless, 16 Transparent-
white, yellow Translucent
Bertrandite BesSi207(0OH)2 Colourless, 42 Transparent
white, pale-
yellow
Beryl BesAl2SisO1s White, pale- 14 Transparent-
yellow, Green Translucent
Chrysobery BeAl2O4 Green, yellow, 20 Transparent-
red Translucent
Helvite Mn4BesSiz012S | Brown, yellow, 14 Transparent-
grey Translucent
Phenakite BexSiO4 Colourless, 45 Transparent
white

Beryllium is a metallic element found in
about 50 minerals. These minerals occur
mainly in pegmatites, granites, syenites, and
occasionally in gneisses and mica schists.
When they occur in  heterogeneous
pegmatites, the crystals attain a large size and
a good to excellent hexagonal crystal form;
such crystals occasionally reach a diameter of
0.66 to 1 m, a length of several meters, and a
weight of several tons. Crystals growing in
cavities and druses in the parent rock are
often quite transparent and of gem quality [6].

1.2 Application of beryllium

Pure beryllium and its metal alloys
(e.g., Cu, Al, Mg, Ni) are an indispensable
material in the manufacture of products for
the aerospace, automotive, energy, defense,
medical, and electronics industries. Beryllium
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is one-third lighter than aluminum, making it
one of the lowest density metals. It is also one
of the stiffest with six times the stiffness of
steel. It has a high heat absorption capacity
and is dimensionally stable over a wide range
of temperatures.

Beryllium is a strategic metal due to its
low density combined with its strength, low
neutron absorption, high melting point and
high modulus of elasticity, which makes it
attractive for electrical components, aerospace
and nuclear energy. As a result, beryllium
metal is used in aircraft disk brakes, X-ray
transmission  windows, nuclear reactor
neutron reflectors, and heat shields.

Beryllium oxide is used in high-tech
ceramics, electronic heat sinks, and crucibles.
Beryllium alloys are wused in electrical
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connectors and relays, computers, underwater
cable housings, aircraft engine parts, and
dental applications [7-9].

1.3 Toxicity of beryllium

Beryllium exhibits a broad spectrum of
toxic effects and is classified as a Group 1
carcinogen, meaning that beryllium and
beryllium compounds are known carcinogens
based on  sufficient  evidence  of
carcinogenicity in  humans from human
studies. Toxic effects of beryllium include
immunotoxic, allergic, mutagenic, and
carcinogenic effects. The primary health
problem associated with beryllium is Be-
associated lung disease (also called chronic
beryllium disease or berylliosis); however,
other health problems are also being
considered. An important feature of beryllium
toxicity is a considerable latency period,
usually lasting up to 6-10 years. Because most
of the attention related to beryllium has been
devoted to occupational exposure, the
mechanisms of beryllium toxicity are not yet
clear [10-12].

Studies on the carcinogenicity of
beryllium in experimental animals are
available for the inhalation, intratracheal, oral,
and parenteral routes of exposure. Inhalation
exposure to beryllium (metal, ores, and
sulfate compounds) resulted in a significant
increase in lung cancer in rats and monkeys.
These observations support the possible
causal relationship found in the occupational
studies.

Beryllium (metal, alloys and
compounds) has also been shown to cause
lung cancer in rats by intratracheal instillation
and osteosarcoma in rabbits by intravenous
and intramedullary injection [1].

WHO also reports that beryllium is
rarely, if ever, found in drinking water in
concentrations of concern. Therefore, it is not
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considered necessary to set a formal
guideline value [1].

2. Removal of beryllium

Although both beryllium and beryllium
compounds are classified as carcinogens,
beryllium and its compounds are used in
various industries. Because of the widespread
use of beryllium and its known harmful
effects on health and the environment, it is
important to remove the potential risks. There
are few studies dealing with the removal of
beryllium ions from aqueous environments. In
this review, the removal of beryllium from
water samples by sorption methods has been
summarized.

2.1. Removal of Be?* by ion exchange
resins

lon exchangers are insoluble materials
that carry reversibly bound ions. These ions
can be exchanged stoichiometrically for other
ions of the same sign. lon exchange polymers,
especially ion exchange resins, are cross-
linked polymers carrying fixed functional
groups or sites [13].

Othman et al. used a strongly acidic
cation exchange resin, Amberlite IR-120, to
remove Be?* from aqueous solutions. The
authors reported that the initial pH of the
solution had an important effect on the
removal rate and the optimum removal was
achieved in a pH range of 3-3.5. In addition,
increasing the solution temperature increased
the sorption rate. Kinetic models showed that
liquid film diffusion controlled the process in
the early phase of adsorption, followed by
matrix diffusion, which controlled the process
in the final phase [14].

Demerdash et al. investigated the effect
of flow rate and bed thickness on the removal
of Be?" in a fixed-bed reactor loaded with
Amberlite IR-120. The authors reported that



Water and Water Purification Technologies. Scientific and Technical News

the sorption of Be?** to the resin increased
when the feed flow rate was decreased. The
authors also found that as the bed height
increased, the sorption of beryllium to
Amberlite IR-120 increased at both fast and
slow flow rates [15].

Ramesh et al. used inorganic ion
exchangers, zeolite 4A, zeolite 13X and
bentonite for the removal of Be?" from
aqueous solutions. The effect of sorbent dose,
solution pH and contact time on the removal
of Be* was studied. The optimum sorbent
dose was found to be 5 g for a solution
containing 3 mg-Be/L. The pH of the solution
was given as another important parameter for
the sorption of Be?*. The removal rate of Be**
was low at pH 1 and increasing the pH of the
solution improved the removal rate and the
optimum pH for Be?* sorption was found to
be > 5.

The presence of interfering ions, such as
Ca, Mg and Fe, was also tested for the
removal of Be?* and the results showed that
Mg had the greatest effect on the sorption of
Be?* on both zeolite 4A and bentonite. The
decreasing order of effect of the counterions
is Mg > Fe > Ca. However, all counterions
showed less effect on bentonite than on
zeolite 4A. Be- loaded zeolite 4A and
benthonite were regenerated with different
concentrations of NaCl. The regeneration rate
of zeolite 4A is higher than that of benthonite
and the optimum NaCl concentration was
found to be 10 % NaCl for both ion
exchangers [16].

Das and Pobi prepared a resin
containing  N-benzoylphenylhydroxylamine
for the separation of Be?* from other
elements. Be?* was significantly sorbed
between pH 1.0 and 7.0. The loaded resin was
regenerated with 2.0 M H2SO4 solution [17].
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2.2. Biosorption

Biosorption can be defined as the
removal of desired substances from an
aqueous solution by biological material. The
removal of contaminants occurs by various
mechanisms such as absorption, adsorption,
ion exchange, surface complexation and
precipitation [18,19]. It may not be possible to
find a sorbent that has such functional groups.
Oxidation or various polymeric techniques
have been used to attach functional groups to
the surface of biosorbents.

Abu EI-Soad et al. modified chitosan
with sulfonic acid and used it to remove Be?
from aqueous solutions. Chitosan was first
cross-linked with glutaraldehyde to decrease
the solubility of chitosan and later they used
chlorosulfonic acid to introduce sulfonic acid
groups into chitosan. The prepared sorbent
was tested under different experimental
conditions. The pH of the solution affected
the removal rate of Be?* and the optimum
removal was achieved at pH 4. The sorption
of Be?* reached equilibrium in 40 minutes and
the sorption Kkinetics obeyed the pseudo-
second order  kinetic  model.  The
thermodynamic studies showed that the
sorption of Be?" was exothermic and
spontaneous. The exhausted sorbent was
regenerated with various solutions. It was
found that the maximum desorption of
beryllium ions from the sorbent loaded with
Be with 1.5 M urea acidified with 0.6 M
H2S0O4 desorbed about 65% of beryllium ions
within 30 minutes [20].

Abd EI-Magied et al. prepared acetate-
containing chitosan and used it to remove
Be?* from aqueous solutions. The authors
found that the removal of Be?* was pH
dependent and the maximum removal was
achieved at pH 1 and pH 5. At pH values
between 1-5, the removal rate decreased. The
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authors explained that this difference was due
to the presence of Be(H20)4?* in acidic media
and, at pH 5, to the dissociation of carboxylic
acid and the electrostatic interaction of acetate
groups with [Bes(OH)s]** ions. The kinetic
test showed that 80 % of the total uptake of
Be?* was achieved within 40 minutes and that
the pseudo-second order model is most
favourable for describing the biosorption
process. The authors conclude that the
sorption of Be®* is exothermic and
spontaneous. A 3 M HSO4 solution can
regenerate the sorbent with an efficiency of
86 % [21].

Acetate-containing  cellulose  was
prepared by a two-step oxidation process and
used to remove Be?*. NalOs; was used to
break the carbon-carbon bond of the
glucopyranose ring to generate aldehyde
groups, and NaClO, was used to oxidize the
aldehyde groups to carboxylic acid groups.
The authors reported that maximum removal
was achieved at a pH of > 5. At a low pH, the
removal rate was low, which was due to the
conversion of the acetate groups to a
molecular form so that there was no
interaction between Be?* and the functional
groups. The sorption kinetics was very fast
and reached equilibrium within 3 minutes.
The authors also found that the sorption of
Be?* was exothermic and spontaneous. The
sorbent loaded with Be can be regenerated
with more than 99 % efficiency by 0.1 M HCI
or H2S0O4 solution [22].

Tokarcikova et al. prepared biochar
from low-grade wheat and modified it with
two different ratios of magnetite to remove
Be?* from aqueous solutions. The authors
reported that the removal of Be?* increased
with increasing pH of the solution and the
maximum sorption capacity was reached at
pH = 6 for both sorbents. Sorption reached
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equilibrium in 6 h for MWBI (0.8 ¢
FeSO4-7H20 was used to prepare the sorbent)
and 48 h for MWBII (1.4 g FeSO4-7H20 was
used to prepare the sorbent). The calculated
Kinetic parameters showed that the pseudo-
second-order kinetic model fitted better to the
experimental results. Regeneration tests
showed that 0.01 M HCI or H2SO4 desorbed
more than 95 % of Be?* from the prepared
sorbents [23].

2.3. Metal oxides and other composite
sorbents

In addition to the ion exchanger and
biosorbents, various types of organic-
inorganic composites or metal oxides have
been used to remove Be?".

Porschova and Parschova impregnated
polymeric sorbents XAD4-A33 and XAD16-
A33 with magnetite and used them for the
removal of Be?* from aqueous solutions. The
prepared sorbents were placed in a column
and the metal ion-containing solution was
added to the column. The loaded sorbents
were regenerated in a multistep process. First,
it was rinsed with an alkaline salt solution
(2 % NaOH and 2 % NaCl), then conditioned
with demineralized water, and finally with
demineralized COz-saturated water. 84 % of
the Be from XAD4-A33 and 91 % of the Be
from XAD16-A33 were desorbed [24].

Katsuta et al. tested Al,Os, SiOz, TiOg,
and CoO nanoparticles for the sorption of
Be?* from an aqueous solution. The authors
found that the partition ratio of Be?* between
aqueous solution and nanoparticles increased
with increasing pH. The authors also reported
that the adsorption of Be?* on the oxide
nanoparticles was evaluated based on the
surface complexation model, in which the
hydroxyl groups on the surface of the oxide
deprotonate and form complexes with Be?* in
water [25].
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The capacities of the various sorbents
are summarised in Table 2. The capacities of
the sorbents varied from 1.5 to 45 mg/g. The
variations in the capacity of the sorbent are
related to the method of preparation, the
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functional groups available for Be?* sorption,
the size of the sorbent, and the nature of the
functional groups. The available binding site
during the preparation/modification of the
sorbent.

Table 2. The comparison of capacities of different types of sorbents for the removal of Be?*

Sorbent Capacity References

Zeolite 4A 3.3 [16]

Zeolite 13X 3.2
Amberlite IR-120 11.9° [14]
Aerobic granule 14.0 [26]
lon-exchange resin with 31.2 [17]

Nbenzoylphenylhydroxylamine

Sulfated chitosan 40.6 [20]
Magnetically Modified biochar 1.4 [23]
Acetate modified chitosan 45.0 [21]
Polystyreneazo3,4dihydroxybenzene 22.5 [27]

* obtained from the pseudo-first-order kinetic model at 31 °C

3. Effect of process parameters
on sorption performance

As summarized various  process
parameters have been tested on Be?* removal.

3.1 Sorbent dose

The removal of Be?* increased with
increasing sorbent dose, which can be
attributed to the increase in available
functional groups with increasing
sorbent dose.

3.2 Solution pH

The pH of the solution affects the rate
of sorption in different ways. If the functional
groups are weak acid functional groups such
as acetate, at an acidic pH or at a pH < pKa of
a weak acid, the functional groups convert to
their molecular form and the interaction
between Be?* and the functional groups does
not occur, decreasing the removal efficiency

OI3UKO-XIMIYHI OCHOBUY BOAOHIATI'OTOBKHA

of the sorbent. Another parameter is the
precipitation of Be?* as Be(OH).. The
working pH range should be lower than the
precipitation pH. In addition, when metal
oxides are used for the removal of Be?*, the
point of zero charge (pzc) of the metal oxide
should be found and the pH of the solution
should be adjusted to pH values at which the
surface of the oxide becomes negative.

3.3 Temperature

The temperature of a solution has two
main effects on adsorption. First, the rate of
sorption generally increases at higher
temperatures. This is primarily due to the
increased rate of diffusion of the sorbate
through the solution to the sorbent. Since
solubility and adsorption rate are inversely
related and temperature affects solubility, it
also affects the extent of sorption or the
capacity of the sorbent for sorbate [28].
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The sorption of Be?* is normally
exothermic; therefore, the extent of sorption
generally  increases  with  decreasing
temperature.

4. Conclusions and future work
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Be-rich solution or the disposal of this waste
should be planned.

The disposal of the spent sorbent should
also be investigated in future studies.

References

The removal of Be?* from water
samples by sorption methods was
investigated. The work discussed showed that
ion exchange resins, various modified
biosorbents metal oxides can be used for the
removal of Be?". The results showed that the
pH of the solution has an important effect on
the removal rate. At pH 1 or 2, the removal of
Be?* is low, and increasing the pH of the
solution increases the removal rate, however,
precipitation of Be?* can be observed at
higher pH values. The optimum removal is
achieved at different pH ranges and is related
to the speciation of Be?* as well as the nature
of the functional groups of the sorbent.

Sorption kinetics vary from 3 minutes to
48 h. When the functional groups are on the
surface of the sorbent, the sorption process is
rapid. However, if the surface of the sorbent
is covered with oxides such as magnetite, it
takes longer to reach equilibrium.

The sorbent loaded with Be can be
regenerated with HCI, H2SO4, NaCl, or urea-
containing H2SO4 solution. The regeneration
efficiency varied from 65 % to 99 %, which
can be attributed to the nature of the
functional groups.

The presence of interfering ions such as
Na*, K*, Ca®* and Mg?*, and other cations that
may be present with Be should be
investigated. The effect of the concentration
of interfering ions on the removal rate should
also be studied in detail.

After regeneration of the sorbent,
a Be-rich waste is produced. The reuse of the

PHYSICO-CHEMICAL BASES OF WATER TREATMENT

1. World Health Organization. Beryllium in
Drinking-Water: Background Document  for
Development of WHO Guidelines for Drinking-Water
Quality; Geneva: World Health Organization, 2009.

2. Walsh, K. A. Beryllium Chemistry and
Processing. In; Vidal, E. E.; Goldberg, A,
Dalder, E. N. C.; Olson, D. L.; Mishra, B., Eds.; ASM
international: Ohio, 2009; pp. 1-5.

3. Foley, N.K.; Jaskula, B.W.; Piatak, N.M.;
Schulte, R.F. Beryllium; US Geological Survey, 2017.

4. Housecroft, C.E.; Sharpe, A.G. Inorganic
Chemistry; Fourth.; Pearson Publisher, Harlow,
England: Harlow, England, 2012.

5. Christie, T.; Brathwaite, B. Mineral
Commodity Report 19-Beryllium, Gallium, Lithium,
Magnesium, Uranium and Zirconium, 2008.

6. Walsh, K. A.; Vidal, E. E. Sources of
Beryllium. In Beryllium Chemistry and Processing;
2020.

7. Ma, Y.; Qiu, K. Fluorine Removal from
High-Fluorine Beryllium Ore by Roasting and
Leaching Pretreatment. Int. J. Miner. Process. 2015,
141, 1-7. https://doi.org/10.1016/j.minpro0.2015.06.001

8. Yawuz, E.; Tokahoglu, S.; Patat, S.
Dispersive Solid-Phase Extraction with Tannic Acid
Functionalized  Graphene  Adsorbent for the
Preconcentration of Trace Beryllium from Water and
Street Dust Samples. Talanta 2018, 190, 397-402.
https://doi.org/10.1016/j.talanta.2018.08.001

9. Kolanz, M. E. Introduction to Beryllium:
Uses, Regulatory History, and Disease. Appl. Occup.
Environ. Hyg. 2001, 16, 559-567.
https://doi.org/10.1080/10473220119088

10. Drobyshev, E.; Kybarskaya, L.; Dagaev, S.;
Solovyev, N. New Insight in Beryllium Toxicity
Excluding Exposure to Beryllium-Containing Dust:
Accumulation  Patterns, Target Organs, and
Elimination. Arch. Toxicol. 2019, 93, 859-869.
https://doi.org/10.1007/s00204-019-02432-7

11. U.S. Department of Health and Human
Services. Report on Carcinogens, 14th Edition. Natl.
Toxicol. Progr. 2016.



Water and Water Purification Technologies. Scientific and Technical News

12. Islam, M. R.; Sanderson, P.; Naidu, R.;
Payne, T. E.; Johansen, M. P.; Bari, A. S. M. F;
Rahman, M. M. Beryllium in Contaminated Soils:
Implication of Beryllium Bioaccessibility by Different
Exposure Pathways. J. Hazard. Mater. 2022, 421,
126757. https://doi.org/10.1016/j.jhazmat.2021.126757

13. Zagorodni, A. A. lon Exchange Materials:
Properties and Applications;  First.;  Elsevier:
Amsterdam, London, 2007.

14. Othman, S. H.; Shabaan, M,
Demerdash, M.; Saleh, M. M. Experimental and
Theoretical Investigation of Sorption Kinetics of
Beryllium on Amberlite-IR-120 Sorbent. J. Nucl.
Mater. 2009, 392, 427-433.
https://doi.org/10.1016/j.jnucmat.2009.04.001

15. Demerdash, M.; Saleh, M. M.; Shabaan, M.;
Othman, S. H.; El-Anadouli, B. E. Experimental
Validation for a Mathematical Model Describing
Beryllium Retention on Flow-through Fixed Bed
Reactor of Amb-IR-120. Hydrometallurgy 2011, 108,
136-142.
https://doi.org/10.1016/j.hydromet.2011.03.009

16. Ramesh, A.; Mohan, K. R.; Seshaiah, K,;
Choudary, N. V. Removal of Beryllium from Aqueous
Solutions by Zeolite 4A and Bentonite. Sep. Sci.
Technol. 2002, 37, 1123-1134.
https://doi.org/10.1081/SS-120002245

17. Das, J.; Pobi, M. Separation of Beryllium
and Aluminium from Other Elements Using an lon-
Exchange Resin with N-Benzoylphenylhydroxylamine
as a Functional Group. Anal. Chim. Acta 1991, 242,
107-111. https://doi.org/10.1016/0003-2670(91)87053-
a

18. Gadd, G. M. Biosorption: Critical Review of
Scientific Rationale, Environmental Importance and
Significance for Pollution Treatment. J. Chem.
Technol. Biotechnol. 2009, 84, 13-28.
https://doi.org/10.1002/jctb.1999

19. Michalak, 1.; Chojnacka, K.; Witek-
Krowiak, A. State of the Art for the Biosorption
Process — a Review. Appl. Biochem. Biotechnol. 2013,
170, 1389-1416. https://doi.org/10.1007/s12010-013-
0269-0

20. Abu EI-Soad, A. M.; Abd EI-Magied, M. O;
Atrees, M. S.; Kovaleva, E. G.; Lazzara, G. Synthesis
and Characterization of Modified Sulfonated Chitosan

OI3UKO-XIMIYHI OCHOBUY BOAOHIATI'OTOBKHA

ISSN 2218-9300

for Beryllium Recovery. Int. J. Biol. Macromol. 2019,
139, 153-160.
https://doi.org/10.1016/j.ijbiomac.2019.07.162

21. Abd El-Magied, M. O.; Mansour, A,
Alsayed, F. A. A. G.; Atrees, M. S.; Abd Eldayem, S.
Biosorption of Beryllium from Aqueous Solutions onto
Modified Chitosan Resin: Equilibrium, Kinetic and
Thermodynamic Study. J. Dispers. Sci. Technol. 2018,
39, 1597-1605.
https://doi.org/10.1080/01932691.2018.1452757

22. Ozdemir, V. T.; Tugag, H. M.; Arar, O.
Two-Pot Oxidative Preparation of Dicarboxylic Acid
Containing Cellulose for the Removal of Beryllium
(Be**) from Aqueous Solution. Curr. Anal. Chem.
2020, 16.

23. Tokar¢ikova, M.; Motyka, 0.,
Peikertova, P.; Gabor, R.; Seidlerova, J. Magnetically
Modified Biosorbent for Rapid Beryllium Elimination
from the Aqueous Environment. Materials (Basel).
2021, 14, 6610. https://doi.org/10.3390/mal4216610

24. Porschova, H.; Parschova, H. Preparation
and Properties of Iron Oxide Composite Sorbents for
Removing Arsenic, Beryllium and Uranium from
Aqueous Solutions. lon Exch. Lett. 2013, 6(4), 5-7.
https://doi.org/10.3260/iel.2013.11.002

25. Katsuta, S.; Kanaya, N.; Bessho, K.
Monjushiro, H. Adsorption Behavior of Trace
Beryllium (1) onto Metal Oxide Nanoparticles
Dispersed in Water. Int. J. Chem. 2017, 9(4), 62-70.
https://doi.org/10.5539/ijc.vIn4p62

26. Sun, F.; Sun, W. L.; Sun, H. M.; Ni, J. R.
Biosorption Behavior and Mechanism of Beryllium
from Aqueous Solution by Aerobic Granule. Chem.
Eng. J. 2011, 172, 783-791.
https://doi.org/10.1016/j.cej.2011.06.062

27. Basargin, N. N.; Miroshnichenko, O. V.
Beryllium(Il) Sorption from Aqueous Solutions by
Polystyrene-Based Chelating Polymer Sorbents. Russ.
J. Inorg. Chem. 2012, 57, 758-762.
https://doi.org/10.1134/S0036023612050026

28. Bernardin, F. E. Experimental Design and
Testing of Adsorption and Adsorbates. In Adsorption
technology: a step-by-step approach to process
evaluation and application; Slejko, F. L., Ed.; Marcel
Dekker Inc.: New York, 1985; pp. 37-90.

10



Water and Water Purification Technologies. Scientific and Technical News ISSN 2218-9300

BUJAJIEHHS BEPWUJIIIO (Be?) I3 MPOB BOJIU COPBLIMHUM

METOAOM: OI'JIA
Apap O.
Ereiicekuii yniBepcutet, @akynbpTeT NPUPOAHUYMX HAYK, Kadenpa Ximii,

35040, Ismip, Typeuunna, ozgur.arar@ege.edu.tr

Bepuniii (Be**) € eascnueum npomucnoum memanom 3a605Ku C60iM HE3EUUATIHUM 61ACTIUEOCTIAM:
6IH €Ul 3a aNOMIHIU Mma 6 wicms paszie MiyHiwul 3a cmais. bepuniii € cmpameziuno saxciueum
Memanom no NPUHUHI U020 HU3LKOI 2YCMUHU ) NOEOHAHHI 3 MIYHICMIO, HUZLKUM NOTUHAHHAM
HelmpOHI8, BUCOKOI0 MeMNepamypoio NIAGNeHHs i UCOKUM MOOYiem npydcHocmi. bepunit yacmo
CHIABNAIOMb 3 THUWUMU MEMATaMU, MAKUMU K MiOb, 8iH € 8ANCTUBUM KOMNOHEHMOM Mamepiauis,
WO BUKOPUCMOBYIOMbC 8 AePOKOCMIYHIU, A8MOMOOLNbHIL, eHepeemuyHil, 000POHHIl, MeOuYHiIl
ma enexmpouniu npomuciosocmi. OOnax depuniti ma 1020 CnoayKu 0yice MOKCUYHI, 0COOIUBO 05
JleceHb, wiKkipu ma ouel. Kanyepoecennuii éniue cnonyk Oepunito no 8i0HOULeHHI0 00 JHOCLKO2O
opeamimy € 0asHo 008edeHol [ 000pe sidomoro. Toxkcuuni epexmu Oepunito 6KIOUAIOMD
IMYHOMOKCUYHY, anepeiuny, MymazenHy ma Kauvyepozenuy Oii. Tkanunu ccagyié He npucmocosami
00 UBEOeHHs. CNOLYK Oepuito, Mmomy CROCMEPieacmvbCs KyMYIAMUSHUU eghekm, i, sIK HACIIO0K, 3d
UCOKUX KOHYeHmpayisil ye modice npuzsecmu 0o cmepmi. Tomy eudarenns Be** mae eenuxe
3Hauenns. Y oanomy o0enadi ysaeamvneno Oami wodo eudanenns Be?T i3 eoomux poszuumie 3
BUKOPUCMAHHAM pI3HUX copbenmis. B cmammi y3azcanvneno eniué napamempieé npoyecy Ha
suoanenns Be**. Bcmanoeneno, wo onsa eudanenns Be** moocna euxopucmosysamu ionoo6minmi
cmonu, pisHi moougikosani 6iocopbenmu, okcuou memanis. Pesynomamu nokazanu, wo pH
PO3YUUHY MAE 3HAYHUL GNIUE HA WEUOKICMb eudanents. Kinemuka copoyii sminioemuvcs 6i0 3
xeunun 0o 48 2ooun. Konu ¢ynxyionanvHi epynu 3Haxo0amvcs HA NOBEPXHI copbenwmy, npoyec
copoyii’ 6i00ysacmvbcs WBUOKO, 0OHAK, AKUJO NOBEPXHS COPOEHM) NOKPUMA MAKUMU OKCUOAMU, K
Macnemum, 015 OOCACHEHHs pigHO6azu nompioHo Oinvuwie uacy. 32i0H0 onybOnikoganux pooim, 3
po3uuny ModicHa eudanumu 6inbiue Hise 99 % Be?t,

Knwuoei cnosa: aocopdyis, bepuniii, 6iocopbenm, ioHOOOMIHHUK, 6000NI020MOEKA
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