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Oil and oil products enters surface waters as a result of man-made disasters, caused, in particular, by military
operations. In order to prevent ecological catastrophe, it is necessary to remove hydrocarbons from water surface.
The paper is devoted to the development of materials for the extraction of non-polar liquids from aqueous media.
Magnetic sorbents based on non-carbonized biopolymers (both plant cellulose and keratin) are proposed.
Biopolymer matrices of different morphology on the level of fiber bundles were used for the composite preparation.
Dependent on origin, the matrices are characterized by different morphologies at the level of fiber bundles: they are
straight (cellulose obtained from wood and corn cobs), helical (cellulose of tea leaves or scaly (keratin from animal
wool). Magnetite particles were inserted into biopolymer matrices after the removal of non-cellulose and non-keratin
inclusions from them. The samples were investigated with SEM and FTIR techniques, magnetite was identified with
XRD analysis. The most homogeneous distribution of magnetic particles, a size of which is less than 1 ym, was found
for the matrix obtained from corn cobs. This composite contained the least amount of iron (0.24 mass. %), namely
this sample demonstrates the best flotation. The sorbent based on cellulose from tea leaves contained 71% of iron:
the particles sink almost completely. The capacity towards non-polar liquids was estimated as follows (g g'):
1.6-8.6 (vegetable oil), 10.5-16.4 (crude oil), 9.8—14.5 (kerosene). After the removal of crude oil from water surface,
no film of this liquid was visually observed. The value of chemical oxygen demand was ~0.2 mgO; dm, this is less
than the demand for drinking water. Moreover, the sorbent can be easy removed from water surface with magnet. As
found, the sorbents can be used for removal of toxic metal ions from water. As found, magnetic particles improves
sorption of Pb*" ions but decrease Cd’* sorption. Thus, the sorbents with small content of inorganic modifier can be
used for the removal of oil and oil products from water surface. The sorbents, which demonstrate bad flotation, can
be used for the recovery of inorganic ions. The advantages of biopolymer-based sorbents over known material is a
simple preparation procedure that involves cheap and available feedstock. Moreover, the sorbents can be easy
separated from aqueous phase with magnet.
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INTRODUCTION environmental remediation techniques have
attracted considerable attention [2-4]. It is
necessary not only to prevent possible
contamination  of  water  with  liquid
hydrocarbons, but also to use environmentally
friendly technologies to clean the water surface
from these pollutants.

The most effective methods for cleaning
water surfaces is extraction with sorbents [5].
However, known sorbents have such
disadvantages as low absorption capacity, high
cost and insufficient flotation. For “ideal”
adsorbent materials, such properties as
hydrophobicity, oleophilicity, high capacity, low
density, environmental friendliness should be

One of the cheapest ways of delivering oil
and oil products to consumers is water transport.
However, the transportation of this raw material
in this way is associated with the risk of its
spillage: first of all, the areas of sea and ocean
deposits as well as ports are dangerous areas.
Moreover, the risks are significant during oil
production from water deposits [1]. In recent
years, there have been a number of cases of spills
of oil and oil products over the world. Now this
problem is very important for Ukraine due to
military operations. After the explosion of
Deepwater Horizon oil rig in 2010 (Gulf of
Mexico), oil spill disposal and related

© Y.0O. Kolomiiets, O.V. Palchik, Yu.S. Dzyazko,
T.V. Yatsenko, L.M. Ponomaryova, V.M. Ogenko, 2023 121



Y.O. Kolomiiets, O.V. Palchik, Yu.S. Dzyazko et al.

inherent [6]. Ease of manufacture and low cost
are also of key importance. Thermally expanded
graphite [7, 8], carbon aerogels [9, 10], graphene
[11] are attractive for this purpose, however, the
preparation of these materials requires
significant energetic expenditures. The most
suitable are cheap and available agricultural
waste.

The natural materials, which have not been
treated with chemical reagents, were considered,
for instance, a mixture of straw and peat [12, 13].
The function of plant additives, in particular, is
to prevent the dispersion of peat in aqueous
media. The mixture was used for the removal of
crude oil and diesel fuel from water: the capacity
values of 6.3-9.4 g-g”' have been reported. In
order to increase sorption capacity of plant
feedstock, chemical treatment is used:
acetylation of hydroxyl groups of cellulose fibers
has been performed [14]. This approach allowed
one to achieve sorption capacity of
42.5-52.6 g-g' towards oil products.

Other method is obtaining polymer and
polymer-inorganic composites based on plant
cellulose. Cotton and cane cellulose was applied
to preparation of composites with a mixture of
polypropylene and polyethylene fibers [15]. The
capacity was 11-14 g-g' towards engine oil. A
common technique is the insertion of silica or
ZnO into cellulose fibers followed by
hydrophobization of the surface of inorganic
oxides [16-23]. Such modifier as reduced
graphene oxide has been proposed [24-26].
Though the obtained sorbents are hydrophobic,
their preparation procedures are rather complex.
Moreover, the problem of the removal of solids
from water surface appears.

The easiest way to solve this problem is
insertion of magnetic particles into cellulose
fibers. Magnetic sorbents, which are used for
different purposes, are known [27-29]. For
example, composite sorbent based on corn straw
containing magnetite has been obtained [30].
Cellulose was previously functionalized with
aminogroups. The sorbent is capable to sorb
phosphate and chromate anions from water. The
maximum sorption capacity for phosphate ions is
40 mg-g" at 25 °C, it is 285 mg-g”' for chromate
anions. Regarding non-functionalized cellulose
[31-33], its capacity towards inorganic ions is
much lower comparing with synthetic polymers,
especially ion exchange resins modified with
inorganic constituents [34-36]. In the last case,
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the enhancement of sorption properties of the
polymer is due to specific interaction of ions with
functional groups of inorganic modifier like
zirconium hydrophosphate [37] or strongly charged
surface of multivalent metal oxides [38—40].

Thus, it is possible to suppose that
modifying biopolymers with magnetic should
provide easy separation of sorbents saturated
with oil products from water. On the other hand,
the modifier can affect sorption of inorganic
ions. The aim of the investigation is to clarify the
effect of the origin of biopolymer matrix on
sorption properties of the composites containing
magnetic modifier. The tasks involve synthesis
of magnetic particles in different biopolymers,
research of their composition and morphology,
and also testing sorption properties towards oil
products as well as toxic inorganic ions like Pb*"
and Cd*".

EXPERIMENTAL

In order to obtain low cost sorbents, a
number of materials of plant and animal origin
were used: cobs of corn (Zea mays), leaves of tea
(Camellia sinensis L. Kuntze), shavings of wood
of white poplar (Populus alba), wool of a dog of
the German Shepherd breed (Deutscher
Schiferhund). The samples were marked as CC
(cellulose obtained from corn cobs), TL (tea
leaves), PW (poplar wood), DW (dog wool).

The raw material was crushed, washed with
deionized water, dried at 95-97 °C down to a
constant mass, kept for a day in a 10-12 % NaOH
solution. The aging procedure in the alkaline
solution was repeated several times until the non-
cellulose and non-keratin inclusions were
completely removed. The removal completeness
was evidenced by the absence of color of the
alkaline solution. After that, the samples were
successively washed with deionized water, 0.1 M
HCl solution, and again with water until the
effluent was neutral. Then the samples were dried
at the temperature indicated above. The samples
were marked as CC-0 etc.

Before the synthesis of magnetic sorbents,
the samples of biopolymers were boiled in
deionized water to remove air from pores. Then
the samples were impregnated with a mixed
solution of FeCl, (0.1 M) and FeCl; (0.2 M), a
NH;OH solution (10 M) was gradually added
dropwise up to pH 11 under agitation [41].
Following reaction occurred:
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FeCly+2FeCly+8NH,OH—Fe;04+8NH,C1H+4H,0,
()

magnetite particles were formed by this manner
inside and outside the biopolymer matrix. Then
the composites were washed with deionized
water down to pH7, dried under ambient
conditions and at 120°C. The powder of
magnetite, which was not precipitated in the
biopolymer pores, was collected for further
investigations. The samples were marked as
CC-Fe and so on.

In order to perform SEM observation and
chemical analysis, a SEO-SEM Inspect S50-B
microscope was used. Preliminarily the samples
were coated with ultrathin Ag film. FTIR spectra
were obtained using a Spectrum BX FT-IR
spectrometer (PerkinElmer Instruments, USA),
the samples were preliminarily grinded up and
compressed with KBr. XRD investigations were
performed wusing a DRON-3 spectrometer
(Burevestnik, RF) supplied by Cu anode and Ni
filter.

In order to estimate flotation, the weighted
sample of composites were inserted into vessels
filled with water. After intensive agitation during
15 min, the sorbent was removed from the water
surface. A part of the sorbent sank to the bottom,
the solid and liquid were separated. The portions
of the sorbent from the water surface and vessel
bottom were dried at 120 °C and weighted. The
sorbent from the bottom was used further for
sorption of inorganic ions.

The capacity towards crude oil and kerosene
were determined according to the weight
increase before and after sorption. Sunflower oil
was also used for comparison. The wetting angle
was determined based on drop photos obtained
with a Nikon d3100 digital camera. Crude oil
was also removed from water surface, initially
the mixture of 100 cm® of water and 1 cm® of oil
was shaken during 15 min. Then 0.1 g of sorbent
was added, the mixture was shaken again during
15 min. The sorbent was removed from water
surface with magnet. Chemical oxygen demand
was determined in liquid phase before and after
oil sorption [42].

Sorption of Pb** and Cd*" ions from one-
component solutions was also investigated. Their
initial concentration was within the interval of
0.0001-0.01 mol-dm™. The sorbent mass was
0.1 g, the solution volume was 0.02 dm™, the
time of contact of liquid-solid was 24 h. The
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sorbent was separated from the solution, washed
with deionized water and treated with a 0.1 M
HCI (0.02 dm™). The effluent was analyzed with
a S9 Pye Unicam atomic absorption
spectrophotometer (Philips, the Netherlands) at
217 (Pb) and 228.8 (Cd) nm.

RESULTS AND DISCUSSION

Electronic spectra of unmodified CC
biopolymer (Fig. 1 ) predictably shows a
dominance of carbon and oxygen (in fact,
oxygen and hydrogen). A presence of Ag is due
to ultrathin conducting film on the sample
surface, copper can be partially caused by the
substrate, where the sample was fixed. However,
a number of microelements is present in the
samples. Chemical composition of biopolymers
is shown in Table 1. It should be stressed that
keratin (DW sample) contains considerable
amount of nitrogen, this is typically for proteins.
At the same time, no nitrogen has been found for
cellulose-based samples. Note that atypical
elements were recorded for all samples (Al), and
for cellulose obtained from tea leaves and wood
(W). It indicates the ability of plants and woods
to accumulate metals, when the ecology situation
is not satisfied. A presence of tungsten in
agriculture product (TL sample) is especially
alarming.

Regarding modified biopolymers, the peak,
which is attributed to Fe, becomes more
expressed (Fig. 1 ») indicating increase of iron
content.

The SEM method gives a possibility to
recognize the structure of biopolymers on the
level of fiber bundles. In the case of CC-0
sample, the bundles are straight, they branch out
and intertwine with each other (Fig. 2 a). Their
thickness is several microns, the particles of
residual non-cellulose inclusions are visible on
their surface. Modifying causes formation of
cracked film on the bundle surface (Fig.2 b).
The origin of this film can be inorganic (due to
Fe;O4 precipitation), organic (transformation of
residual non-cellulose inclusions in ammonia
solution and thermal treatment) or organic-
inorganic (distribution of Fes;Os particles in
organic film).

The helical fiber bundles of TL sample look
like blossoming flower buds, the thickness of
“petals” is several microns (Fig.2c). After
modifying, the bundles are covered with a films,
extraneous inclusions are visible (Fig.2 d).



Y.O. Kolomiiets, O.V. Palchik, Yu.S. Dzyazko et al.

Tapering-expanding bundles with branches are (Fig. 2 e). At last, keratin matrix consists of
seen in the SEM image for the PW sample, their flakes (up to 15 pm, Fig. 2 g). The structure of
thickness is 10-50 um (Fig. 2 e). The cracked flakes becomes denser after modifying, the film
film with holes is seen on the surface of PW-Fe is also visible (Fig. 2 &).

Table 1. Chemical composition of initial biopolymers

Element content, mass %

Element CC-0 TL-0 PW-0 DW-0
C, line of K-series 45.23 61.92 57.51 44.55
0, line of K-series 22.02 20.64 28.34 14.15
Ag, line of L-series 23.25 13.53 12.48 14.66
Cl, line of K-series 1.11 - 0.09 -
Cu, line of K-series 4.04 0.94 0.87 0.92
K, line of K-series 2.49 - 0.19 -
P, line of K-series 0.51 0.13 0.06 -
S, line of K-series 0.32 0.14 - 5.37
Al, line of K-series 0.17 0.18 0.18 0.14
Zn, line of K-series 0.44 0.31 - 0.16
Mg, line of K-series 0.12 0.19 - -
Fe, line of K-series 0.24 - - -
Si, line of K-series 0.06 0.07 - -
Ca, line of K-series - 1.84 0.27 0.61
W, line of L-series - 0.12 0.01 -
Na, line of K-series 0.35
N, line of K-series 19.08
Total 100.00 100.00 100.00 100.00
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Fig. 1. Electronic spectra of CC (@) and CC-Fe (b) samples
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Fig. 2. SEM images of CC (a), CC-Fe (b), TL (c), TL-Fe (d), PW (e), PW-Fe (f), DW (g), DW-Fe () samples
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The most heterogeneous distribution of the
modifier particles is achied in the case of CC-Fe
sample (Fig. 3 a). The particle size is mainly less
than 1 pm. Regarding other samples, significant
concentrations of particles is  observed
(Figs. 2 b—d), the regions of Fe distribution looks
even continuous (TL-Fe). These “islands” are
irregular with “swirls” (TL-Fe, PW-Fe) or as a
narrow straight tracks (DW-Fe). It means, the

Fe Kal
' 25um v
a
Fe Kal
25um '
c

film, which is observed in Fig. 2 b, is organic-
inorganic, where magnetite particles are
homogeneously distributed. At the same time,
magnetite fills the space between spiral wall of
the TL-Fe samples, it is also distributed in a film.
The PW-Fe and DW-Fe samples occupy
intermediate positions. Indeed, the Fe content
decreases in the order: TL-Fe>DW-Fe>PW-
Fe>CC-Fe.

Fe Kal

25um

Fe Kal

! 25pum .

d

Fig. 3. Maps of Fe distributions through the CC-Fe (a), TL-Fe (b), PW-Fe (c), DW-Fe (d)

Table 2. Fe content in the composite samples and their sorption characteristics

Parameter CC-Fe TL-Fe PW-Fe DW-Fe
Fe content, mass % 0.24 71.02 4.36 5.73
Flotation, % 95 3 88 85
Capacity towards non- vegetable oil 6.90 1.64 7.17 8.58
polar liquids, g-g™' crude oil 10.56 14.58 15.10 16.37
kerosene 9.82 12.96 12.30 14.52
COD for water after the removal of crude 0.25 - 0.2 0.2

oil, mg0; dm
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Fig. 4. XRD pattern for the magnetite sample (a), removal of DW-Fe particles from water surface (b)

Fig. 4 a illustrates typical XRD pattern for
the synthetic magnetite sample (JCPDS Card
No. 79-0417). The structure is related to spinel.
The diffraction peaks are located at 20 =21°
(indexed to (111)), 35° ((220)), 41° (311)), 50°
(400), 63° (422), 67° (511) and 75° (440). The
samples modified with magnetite show magnetic
properties: their particles are removed with
magnet from the water surface (Fig. 4 ). Even
the samples containing a small amount of the
modifier, for instance Cer-Fe, are capable to be
attracted to magnet. However, some sorbent
particles sink to the vessel bottom evidently
under the influence of heavy modifier, which
performs a function of load. Air pores are filled
with water and the sorbent particles sink. Indeed,
the order of flotation (i.e. the ratio of mass of
floating and all sorbent particles) coincides with
the order of Fe content (see Table 2). However,
hard particles can be considered as sorbents for
removal of inorganic ions.

According to the FesOs composition, the
mass ratio of Fe and O is 2.94. However, lower
iron content has been found. According to
chemical analysis, this ratio is 2.62. This
difference is due to water content in magnetite.
Indeed, FTIR spectrum shows characteristic
stripe in the region of 40003000 cm™' (Fig. 5 d).
The peak at 1620 cm™' is also caused by O—H
vibration, the stripe at 1519 cm™ is due to
vibration of Fe—O—H groups, which are formed
during rinsing magnetite after precipitation using
ammonia solution:

=Fe~O'NH, +H,0—=Fe—O"H"+NH; )
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The bands at <1000 cm™' are attributed to
vibrations that are characteristic namely to Fe;O4
[43]. The peak at 553 cm™' is due to Fe—O
vibration, when Fe atoms in tetrahedral position.
At the same time, Fe in octahedral positions
gives the band at 443 cm ™.

Transmission

4000 3000 2000

-1
v, cm

Fig. 5. FTIR spectra for the samples CC-0 (a), CC-
Fe (b), TL-Fe (c), magnetite (d)
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FTIR spectra allows us to identify also
functional groups of the non-modified samples.
As an example, Fig. Sa illustrates the spectra for
the CC-0 sample. The region of 4000 to
1900 cm™' gives no useful information, since
valence vibrations of O-H and C-H groups are
realized in this frequency interval [44].
Maximum at 1638 cm™ is related to C-O
fragments of carboxyl groups, the shoulder at
1735 cm™ and the peak at 1568 cm™' are due to
the vibrations of carbonyl fragments of these
groups. Carboxyl groups are slowly formed
during the decomposition of cellulose under
aerobic conditions. The degradation is carried
out by a number of bacteria, actinomycetes and
fungi [45]. The low intensive peaks at 1334 and
1158 ¢cm™' are related to the & vibrations of

a

C-O-H groups, the band at 1460 cm™ is
attributed to the & vibrations of O-H groups [42].
The intensive band at 1048 cm™' is caused by
valence C-O-C vibrations.

As opposed to non-modified samples, the
composites demonstrates peaks, which are
characteristic for the inorganic constituent,
especially in the region of 1000400 cm
(Figs.5b,c). The data are additional
confirmation of Fe;Os location in biopolymer
matrices.

The water contact angle for the corn sample
is approximately 100 degrees, while the oil
contact angle is approximately 30 degrees, which
is evidence of hydrophobicity and oleophility of
the corn sample (Figs. 6 a, b).

Fig. 6. Wetting angle for water (a) and oil (b) of the corn sample

Sorption capacity of the samples towards
non-polar liquids is given in Table2. The
samples show the lowest capacity towards
vegetable oil, the highest values were found for
crude oil. The order of capacity is 10 g-g'. As
mentioned above, higher capacity values can be
achieved, however, the synthesis process is
complicated by additional hydrophobization of
biopolymer matrices. Moreover, magnetite
particles containing surface —OH groups provide
hydrophylization of matrices, which are free
from hydrophilic non-cellulose and non-keratin
inclusions.

When crude oil was removed from water
surface, the CC-Fe sorbent, which is originally
light yellow, was painted black, i.e. color if this
liquid (Fig. 7). After the removal of oil from water
surface (Fig.7), no film of non-polar liquid was
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visually observed in aqueous media. However, the
COD value was higher comparing with that for
deionized water (<< 0.2 mg-O, dm™). This is due
to formation of oil emulsion in water during
stirring. Nevertheless, the COD parameter is
suitable even for drinking water (< 0.3 mg-O, dm™).

The part of the sorbent that sinks in water,
was applied to the removal of toxic inorganic
ions from water. Fig. 8 illustrates typical
sorption isotherms for Pb*" and Cd*" ions for the
samples based on cellulose obtained from corn
cobs. As seen, the modifier increases sorption
capacity towards Pb** ions and decreases it
towards Cd** ions. In general, the capacity value
was within the interval of 0.06-0.11 (Cd*") and
0.13-0.25 (Pb*) mmol-g', when the
concentration of initial  solutions  was
0.01 mmol-dm™. Similar results were obtained
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for other sorbents (Table 3) and also for natural
zeolite modified with Fe-containing constituent

[46]. The reason of this phenomenon requires
further investigations.

Fig. 7. Removal of crude oil from water surface with CC-Fe sample

Table 3. Sorption capacity (mmol g™') of non-modified and modified biopolymers towards inorganic ions (sorption
from 0.0001 M solutions)
Ions CC-0 CC-Fe TL-0 TL-Fe PW-0 PW-Fe DW-0 DW-Fe
Pb?* 0.017 0.020 0.011 0.015 0.012 0.017 0.010 0.014
Ca* 0.008 0.005 0.005 0.002 0.007 0.005 0.006 0.004
0.3
4
_ 02r¢r
‘on
E
< 0.1
0.0

0.000

0.005 0.010

C,M

Fig. 8. Isotherms of Cd** (1, 2) and Pb*" (3, 4) adsorption for the CC-0 (I, 3) and CC-Fe (2, 4) samples

CONCLUSIONS

Magnetic sorbents, which were obtained
from biopolymers of plant and animal origin, can
be recommended for the removal of oil and oil
products from water surface. The sorbents
synthesized using cellulose of corn cobs and
wood, as well as the material based on wool

ISSN 2079-1704. X®DTT1. 2023. T. 14. Ne 1

keratin are most suitable for this purpose, since
they demonstrate the best flotation. The CC-Fe
sorbent, which shows no flotation, can be
applied for the removal of Pb*" ions from water.
Despite lower capacity towards non-polar liquids
in comparison with the materials, which contain
specially inserted hydrophobic component [47],
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biopolymer-based sorbents are characterized by Moreover, the sorbents can be easy separated
a number of advantages. First of all, it is a simple from aqueous phase with magnet. Sorbents
preparation procedure that involves cheap and partially sink in water, this fraction can be
available feedstock, namely wastes of agriculture preliminarily separated from the floated particles
industry and salts of Fe(Il) and Fe(IIl). and used for the removal of toxic inorganic ions.

CopOeHTH Ha OCHOBI OiomostiMepiB Pi3HOI MPUPOIN, IO MICTATh MATHETHT, /151 BUJIAJICHHA
HAQTONMPOAYKTIB Ta TOKCHYHMX iOHIB 3 BOAU

€.0. Koaomieus, O.B. Hanbuuk, FO.C. I3a3bk0, T.B. AAuenko, JI.M. Ilonomapbosa, B.M. Orenxo
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Hagma i nagpmonpooykmu nompaniarome 00 nOBepXHeSUX 800 BHACTIOOK MEXHOLEHHUX Kamacmpog,
CHpUYUHEHUX, 30Kpema, GilicbKosumu Oiamu. [na 3anobieanHs He2amusHUX eKOJIOSIYHUX HACTHIOKI8 8)2l1e800HI
Maroms Oymu 8u0aneHi 3 8600HUX NOBEPXOHb. Y cmammi npedcmagieHo pe3yibmamiu po3pooKu mamepianie O
BUNVUEHHSI HEeNOAAPHUX pPIOUH 13 BOOHUX cepedosuly. 3anponoHO8AHO MAZHIMHI COpOeHmuU HA OCHOBI
HexkapOoHuizoeanux Oiononimepié  (pociuHHoOi yenronosu i Kepamuwy). A  8U2OMO6NeHHA  KOMNO3UMI8
BUKOPUCMOBYBANU DIONONIMEPHI Mampuyi pi3HOI MOp@ON02ii Ha PIGHI NYUKIE 60IOKOH. 3aNeHCHO IO NOXOOINCEHHS
mMampuyi, NYYKU BOIOKOH € NpsAMUMU (Yeron03d, OmpUMana 3 OepesuHu ma KYKYPYO3SAHUX KadaHis),
cnipanenodionumu (Yemon03a YaiHo2o aucms) abo ayckamumu (Kepamuk 06HU meapun). dacmunxku macnemumy
6800UNU 00 DIONONIMEPHUX MaAMPUYb NICHsL BUOANICHHS. 3 HUX HEYeNION03HUX | HeKepamuHOBUX GKIIOUEeHb. 3pasKu
docnioxcysanu memooamu CEM ma @yp’e I4 cnexmpockonii, machemum i0enmu@ikyeanu 3a O0ONOMO20H
pernmeenoghazosoeo ananizy. Habinbur 00HOPIOHUI pO3ROOLT MASHIMHUX YACMUHOK, PO3MIP AKUX MeHwiull 3a 1 mKm,
BUAGIEHO 011 MAMpuyi, OMpumManoi 3 Kayawie KyKypyosu. Lleil komnosum micmue HatmeHwly KilbKicmbv 3a1i3a
(0.24 mac. %) came yeii 3pasox oemoncmpye nauxpawy niagyuicms. Copbenm na 0CHO8I Yeniono3u 3 JUCHA 4aAlo
micmue 71% 3aniza: uwacmumku mowyiu y 600i maiiice noswicmio. Hozo emuicmv 3a menonaphumu piounamu
cmanosuna (2 2'): 1.6-8.6 (pocaunna onis), 10.5-16.4 (nagpma), 9.8-14.5 (2ac). Ilicna eudanenus 3 noeepxui 60ou
cupoi nagpmu, niiska yici piounu 6i3yanvbHo e cnocmepieanacs. s ouuwenoi 600U XiMiuHe CRONCUBAHHS KUCHIO
cmanosuno ~0.2 meOr0m>, ye menwe nopmu ona numnoi 6oou. Kpim mozo, copbenm mooicna nezko euoarumu 3
B00HOI N0GEPXHI 3a 0ONOMO2010 MacHimy. BcmaHoeneHo, wo copbenmu makodic MOXNCHA BUKOPUCTNOBYSAMU Ol
6uUOaneHnA 3 600U iOHI6 MOKCUUHUX Memanie. Ak GUAGNEeH0, MAZHIMHI YacmunKu nokpawyioms copbyiio ionie Pb*”,
ane smenwyioms copbyito Cd?*. Taxum uunom, copbenmu 3 HeGeIUKUM 6MICMOM Heop2aniuno20 Moougixamopa
Modicymb Oymu  6UKOPUCMAHI Ol BUOANIEHH. HAmMU | HAGMORPOOYKMIie 3 60OHUX NOBEPXOHb. [l GULYUEHHS.
HEeOP2aHIYHUX [0HI8 MOJICHA GUKOPUCMOSY8amu copbenmu, sKi mowymov y 600i. Ilepesaca copbenmis Ha 0cCHOSI
biononimepie neped BIOOMUMU MAMEPIAIAMU NOASA2AE Y HECKIAOHOMY CRocoOi cunmesy, sAKuii nepeobauac
sUKOpUCmanHus dewegoi ma oocmynHoi cupogunu. Kpim mozo, copbenmu MOXNCHA 1e2K0 GI00Kpemumu 6i0 600U 3a
00NOMO20H0 MASHIMHO2O0 NOJIA.

Knrouosi cnoea: biononimepu, macHemum, MAeHIMHUL KOMRO3UM, HAMA, HAGMONPOOYKMU, OUULEeHHS 800U
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