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Combination of Straw and Ceramic Materials
for Biofiltration of Volatile Hydrocarbons
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Abgtract. The performance of five biofiltration columns (totd
volume 1.58 L each) packed with rape straw and ceraim beads
in different composition was compared. Columns withpacking
material were treated by (i) addition of medium andinoculum of
hydrocarbon-degrading bacteria consortium MDK-EKO-7; (ii)
addition of medium; (iii) addition of water; (iv) feeding by diesel
vapours. The highest removal efficiency for volatile
hydrocarbons among biofiltration columns tested, k., 46.7 %,
was found to be in the column containing rape stakk The most
intensive compaction of packing material was deteetl in the
columns with ceramic beads and rape pods, i.e., 8ahd 10.6 %,
respectively, probably due to the synergistic efféof the mixture
of organic and inorganic material. Compaction in oher columns
varied in the range of 3.3 + 4.0 %. The same columnaere
characterized by the most considerable decrease oéllulose in
the rape pods after 44 days experiment. Activity ash
concentration of microorganisms in the columns werestimated
by FDA hydrolysis microbial activity and plate court. The results
of this study indicate to the significance of the amposition of
packing material.

Keywords. volatile hydrocarbons; biofiltration; rape straw;
ceramic beads.

INTRODUCTION

The emission of volatile hydrocarbons from petrateu
contaminated sites may contribute to regional aiality
problems. Biological methods involving biofilter shabeen
shown to be promising alternative compared to thditional
technologies for the control of many gaseous pafits [1, 2].
Since the packing material is the main factor iaflcing both
reactor long-term operational stability and costspacking
material should ideally be durable and cheap tarass robust
and economical performance. Additionally, it shoatthtain
the nutrients required for microbial metabolism [, 5].
Specific surface area, porosity, density, watererrbn
capacity and the nutrients availability are somethaf most
important characteristics of the filter media [6].

Organic materials are suitable to release extraemis and
able to keep water content at optimal levels
microorganisms and show the highest specific sarfiy.

perlite, glass beads, ceramic rings, polyurethaaenf etc. are
some of the several synthetic or inert carriersciviiave been
studied [4, 8]. Wood charcoal was found to be Hactve
biofilter media for toluene biodegradation [9]. Thé&filter
bed packed with 35% fibrous peat, 35% sallow pé&8go
barley straw, composts from sewage plant and hoeseure -
10% each exhibited up to 89 % of ammonia biofiitnat
efficiency [10].

Biofiltration of toluene in the column packed withood
chips and propylene spheres was tested by [11]re2se in
toluene removal efficiency and increase in presshops of
the filter bed were simultaneously observed duritig
operation period due to excess biomass accumulatiostly
in the inlet section [11].

Comparative study on biofiltration of “binary” gasixtures
was reported earlier. For example, biofiltratiorfeef of a
composite-ceramic carrier made of 1 : 1 mixturadiatomic
and bentonite clay showed a relatively high maximum
removal capacity of 6 and toluene vapour [12]. A gas
mixture containing ammonia and six VOCs was fecdthe
reactors packed with a new hybrid (inert/organiekking
material that consists of spherical argyle peltatgered with
compost [3].

A wheat straw biofilter made for dairy wastewater
treatment, demonstrated a decrease microbial gcttilow
temperatures of operation and high oil
concentration, that reduced nutrient transfer te kofilm
[13].

Biomass is a critical factor in gas biofiltraticemd uneven
distribution and excess accumulation within gasfilbéos
often result in operational problems such as cloggi
excessive head loss, and channel formation of gaarss
within biofilter beds, which leads to deterioratioim
performance [14]. A well established biofilter iscamplex
and structured ecosystem. Microbial communitiessarssitive
to variations in environmental conditions in gasagh
biofilters [15]. A complex bacterial succession weed in the
reactor in response to the increasing concentmtiminthe

fopollutant [16].

Biological treatment begins with the treatment of

Organic bedding material is expected to have a drighcontaminants from the air phase to the water phase.

absorptivity when compared to inorganic materialc®! et
al. [7] reported that microbial adsorption for woodkips and
inorganic silica is 248 mg/g and 2 mg/g, respetfive

On the contrary, inorganic or synthetic materiaffers
higher contact surface and produce cleaner draineger.

efficiency of this process primarily depends on kiveetics of
micro processes such as absorption, adsorptidiusiii and
biodegradation [5, 17, 18].

In this study, evaluation of a laboratory scale filier
packed with ceramic beads and/or rape straw fotrdament

Otherwise, pressure drop have been determined doh e of diesel vapours was done. Growth and activitybaéteria

packing materials as function of flow rate, watentent and
bed porosity [4].

Among the natural carriers reported, compost, fmtand
the wood derivatives are the most extensively ustie

consortium in biofiltration columns, removal efécicy for
volatile hydrocarbons, as well as compaction argratation
of organic carrier in dependence on the compositidn
packing material and treatment mode was examined.
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MATERIALS AND METHODS

The “5 columns” model system

The model system consisted of 5 biofiltration cohsmvas
established. The height and inner diameter of gtadsmns
are 330 mm and 78 mm, respectively (Fig.1). Colunvese
packed with ceramic beads and rape straw. Befome
experiment, rapeBfassica napud..) straw was divided into
two parts, i.e. pods and stalks, and used for colpacking
separately. The rape straw was divided in two pagisause
the pods and stalks have different mechanical tstreic
Operating conditions are summarized in Table 1l.afér
beads prepared under laboratory conditions, werallki
provided by Dr.R.Svinka (RTU).

2 3

A

Fig. 1. The ,5 columns” model system used in theeginent. A — the scheme was used. Potassium and phosphorous was measured

of the system (1 — the column with packing material - air
compressor; 3 - collector for circulated liquid, iAlet for circulation
liquid, 5 — air outlet); B — biofiltration columnfilled with packing
material.

Microorganisms and growth conditions

A consortium of bacteria MDK-EKO-7 consisted ofteats
of Stenotrophomonas maltophiliaand 2 strains of
Pseudomonasspp. It had been previously isolated fro
hydrocarbon-contaminated soils and had exhibitedathility
to degrade hydrocarbons.

The inoculum with concentration 7.1 x ®1@fu/mL was
prepared by 24 h cultivation in the liquid mediumn28 °C
under aerobic conditions with agitation 140 rpme Thedium
composition was as follows, g/L: BdPO, x 12H0 — 6.0;
KH,PQO, — 3.0; NaCl — 0.5; molasses — 5.0; yeast extrac0—

Cell concentration was expressed as colony-formings

Addition of liquid medium with inoculum of bacteria
consortium MDK-EKO-7, as well as sterile water was
performed according to the scheme shown in Table 1.

TABLE 1.
THE SCHEME OF THE EXPERIMENT WITH THES5 COLUMNS’ MODEL SYSTEM
ﬂhOperation Treatment* Period of treatment, h

day No.

1 Water (distilled, sterile) 24

2 Medium with inoculum 48

9 Medium 24

14 Medium 48

22 Medium 24

29 Water (distilled, sterile) 1

31 Water (distilled, sterile) 1

37 Water (distilled, sterile) 1

44 Water (distilled, sterile) 1

* Volume of liquid added to each columnwas 1 L.

Analytical methods

Auto Kjeldahl Unit K-370 (BUCHI Labortechnik AG,
Germany) was used to determine total nitrogen conte
according to 1SO 5983-2:2005. To measure total ararithe
carbon, sulphur analyzer ELTRA CS 530 (GmbH, Genpan

according to LVS EN ISO 6869: 2002 and 1SO 64919819

respectively. The concentration of N-MHwas determined
colorimetrically with Nessler's reagent. Redox pui@ and
pH value was measured with a Hanna pH213 pH-meter
(Hanna Instruments, USA). To determine enzymatividy,
hydrolysis of fluoresceine diacetate (FDA; Fluka
Switzerland), after a 1h incubation at +37°C watetmined

nllg]' Concentration of hemicellulose and celluloseas

calculated after NDF (LVS EN ISO 16472: 2006) andFA
(LVS EN ISO 13906: 2008) determination. Lignin was
determined according to LVS EN ISO 13906: 2008h Ass
determined according to 1SO 5984: 2002/Cor.1: 2005.

RESULTS AND DISCUSSION

Growth and activity of bacteria consortium in bitfition
columns in dependence on the composition of packing

(CFU) per ml and determined by making serial detima material and treatment mode

dilutions and plating on Tryptone Glucose Yeastr&ott Agar
(TGA) (Sifin, Germany). CFU were counted after 7lhte
incubation at 28 °C.

Biodegradation experiment

For biodegradation experiment, commercially avddab

diesel oil was used. The concentration of volapiégroleum
hydrocarbons (VPH) was measured using Drager tUtiEya
8101691, for petroleum hydrocarbons. Preliminanyeginent
showed that
hydrocarbons (VPH) generated from 10 g diesel aflaw

520 mL/min, - is time dependent. The VPH conceiunat
under tested conditions in the time interval fronto69 min

was found to be constant, i.e. 150 ppm. A meatil@iv rate

was maintained in each column using air pumps (AGe1
Resun, China). Flasks containing 10 g diesel vpeepared
separately for each column and each experimental gkt.
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the concentration of volatile petroleu

Formation of biofilm onto the carrier surface wasfprmed
by inoculation of bacteria consortium MDK-EKO-7 lfmied
by 4 incubation in medium. As was shown in our es
experiments, the growth of consortium can be inmfaesl by
the presence of ceramic beads or organic carmesuls not
shown). As the most important criteria for evalogti
microbial activity in the columns, the number ofrcsc
heterotrophic microorganisms and FDA hydrolysisvitgt in
culture liquid was tested.

M After the first cycle of 48h cultivation (Day 2he number
of CFU in culture liquid, which was discharched nfrahe
columns, was similar for all 5 columns and variedhe range
of (5.3 + 8.4)x 1 cfu/mL. Additional testing was done with
rape straw without inoculum, thus evaluating thewgh of

microorganisms of non-sterile straw. The number of
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heterotrophs in culture liquid after 48h cultivatiof pods and
stalks was 7.2x10and 1.1x18 respectively.

Enzymatic activity of microorganisms in culture lid
differed among columns tested. The highest FDA blydis
activity after the first cycle of 48h cultivatioD@y 2) was
detected in the column No.4 with rape stalks, 24.5 mg
FDA/L h. The lowest activity — in the column No.5ithv
ceramic beads and rape pods, i.e., 9.9 mg FDA/L
respectively (Fig.2). The following incubation cgs| either in
medium or water, - resulted in considerably loweryenatic
activity, as compared to the first cycle (Day 2).
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Fig.2. FDA hydrolysis activity of bacteria consarti MDK.EKO-7 in liquid

phase discharged from the column after treatmergatment mode
corresponded to the experimental day - is indicatetable 1. Error
bars represent the standard deviation at 5% ldw@gnificance.
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Fig.3. FDA hydrolysis activity of bacteria consarti MDK.EKO-7 attached

onto carrier after 44 days experiment. Treatmendentorresponded
to the experimental day - is indicated in TableDhata on FDA
hydrolysis activity of the carrier per volume weaculated, taking in
consideration the ratio weight : volume of natiteaw. Error bars
represent the standard deviation at 5% level afifsignce.

At the end of the experiment, comparative studthefFDA
hydrolysis activity onto carrier was performed. #sown in
Fig.2 and 3, an average microbial enzymatic agtipier 1 L
onto carrier and in culture liquid was similar. Awception
was only the first cycle of 48h cultivation (Day, 2)yhich
resulted in notably higher FDA hydrolysis activity liquid
phase (Fig.2).

Interestingly, that some products of rape strawrakdgtion
are known to pose inhibition effect to microorgamés Rape
tissues, like those of most other cruciferous plaate known

to contain glucosinolates. In intact rape cells,esth
glucosinolates are located in vacuoles. Disruptafnthe
tissues during degradation leads to release of
glucosinolates that are hydrolyzed by the enzymeosigase,
leading to the liberation of thiocyanates, isotlgatates, and
nitriles. These compounds are known to have inbipitor
lethal effects on soil bacteria and fungi [20, 22]. As shown
im Figure 3, a slight inhibitory effect was fourmt the column
No.3 packed with rape pods.

the

Physico-chemical changes of organic packing materia
during experiment

The pH value and redox potential of culture liquics
similar among columns in each cycle. At the samme tiin the
frames of each cycle, which corresponds to the iipec
treatment mode, - the pH value and redox potentiate
different. For example, the pH value after the datle with
water (Day 1) varied from 5.7 to 6.2, while aftee ttycle with
medium and inoculum - from 6.6 to 7.1. The follogvin
treatment with medium did not influence the pH aedox
potential of liquid phase. Redox potential gradudkcreased
during experiment from 40 mV to -40 mV. According[23],
biodegradation of straw is followed by the changégH. In
particular, irrespective of the initial pH of theedium, a
decrease of the pH value to 6.0, and a further ghavease to
8.0-9.0 until cellulose was degraded completelys vi@und
during rice straw aerobic degradation. Differendesthe
dynamics of pH values in different processes caaxpdained
by their specific conditions.

The results of this experiment indicate that additiof
medium and water to packing material, as well asrabial
growth, - influenced the model biofiltration systexma whole
and carrier condition, in particular. As far as thacking
material of the columns contained organic biodegidel
carrier, the balance of the main biogenic compoundte
biofiltration system should be controlled. The IsivE/N ratio
in straw can serve as a criterion to expect itstefas
mineralization [22, 24]. According to [22], the wdie rape,
and alfalfa residues presented different C/N ratigish 94,
51, and 27, respectively. Our testing results slabthe C/N
ratio for average sample of rape straw was 10Gabsolute
units (%), the ratio C:N:P:K in the rape straw usedhis
study, was found to be 48.6:0.48:0.13:1.44, respsgt
Additionally, neutral detergent fibre and acid dgent fibre
concentration were determined and were 70.9 % &8l %
dw, respectively.

The data on the concentration of carbon, nitroged a
sulphur in liquid phase after the Day 2, 29 and &#
summarized in Figure 3. The highest amount of aarbod
sulphur leachedrom the column, was found to be after the
packing material was contacted with medium (Fig,@AIn
turn, the highest leaching of nitrogen was deteeteDay 29,
after the rinsing of packing material with wateig(BB).

The concentration of biogenic compounds in leachate
originated from the both, cultivation medium andast
degradation products. Straw degradation can benat&d by
the changes in the concentrations of cellulose,id¢edlnlose
and lignin. The fiber structure of straw consistscellulose
microfibrils, bound to each other with hemicellldosnd
lignin. The hemicellulose content consists of bratt and
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acetylated carbohydrates. The lignin content of #heaw
consists of polymerized molecules with a phendliacture.
As reported by [25], the rape straw consisted of %2
cellulose, 16 % hemicellulose, 18 % lignin.

A) Days

N, mg%

Days

B)

120 4

100 +

80

60 -

S, ppm

40 -

Days

C)

Fig.4. Leaching of carbon (A), nitrogen (B) andpsur (C) from the
packing organic material in dependence on the rreat mode.
Treatment mode corresponded to the experimental dsyndicated
in Table 1.

differed in dependence on the packing compositeedun the
column. The most considerable decrease of celluloas
detected in the columns with rape pods (Columnd N#&.and
5). The concentration of hemicellulose and lignirerev
increased in all columns tested (Table 2).

TABLE 2.

CHEMICAL CHARACTERISTICS OF RAPE STRAW USED AS AN ORGASB PACKING
MATERIAL IN THE EXPERIMENT

After 44 days experiment, columns
ltems Before
or parameters | packing | 5 3 4 5
Dry weight, % 97.09 | 2876 16.90 18.08 1476 14|07
Totalnitrogen, % | 48 | 040 | 0.16| 016 022 036
(dw)
N/NH,", glkg 0 030 0 0 o | o03d
i 0,
Hem'c(‘é'\'/t’)'ose’ﬁ’ 1256 | 15.63| 19.50| 18.1% 17.75 17.06
Cellulose, % (dw)|  47.43 | 26.16 46.1B 3648 4643 340,
Lignin, % (dw) 10.78 | 20.36| 19.16 1562 17.41 2121

Removal of volatile hydrocarbons in biofiltrationlamns

For evaluating an effectiveness of five tested cwig, the
following characteristics were compared: (i) pagkimaterial
saturation capacity time; (ii) removal efficiencgr fvolatile
hydrocarbons,as well as (iii) compaction of the packing
material during 44 days experiment.

It was shown that inoculation and cultivation ofcteaia
consortium led to an increase of the saturatiomcigptime in
the columns with combined packing materials, i.eramic
beads and pods or stalks (columns No.1, 2 andt8heAsame
time, the columns packed with organic material dolylumns
No.3 and 4), demonstrated a rather high saturatapacity
time for volatile hydrocarbons already at the bagig of the
experiment (Table 3).

The highest removal efficiency for volatile hydrdosans
among biofiltration columns tested, i.e., 46.7 %gsviound to
be in the column No.4, which was packed with rafzeks
(Table 3). Repeated measurement of the concentration
volatile hydrocarbons after 1 h showed a drastirefese of
the removal efficiency for all five columns. Howeyehe
column No.4 demonstrated the best results amonegdteets
(Table 3). A decrease of biofiltration efficiencftex 1 h of
hydrocarbons loading indicate to the limiting effedf the
columns size and the rate of air flow, and, theesfe the
concentration of volatile hydrocarbons.

The rate of air flow, as well as other physicalreleteristics
of the packing material, - are dependent on thalitions of
organic carrier, its degradation capacity and cartipa. The
most intensive compaction of packing material wetected in
the columns No.1 and 5, filled with ceramic beadd sape
pods, i.e. 8.7 and 10.6 %, respectively. Compadtioather

The remaining solid phase after wet oxidation pssce cOlumns varied in the range of 3.3 + 4.0%aljle 3).

became enriched in cellulose and contained 54 %lcst, 14
% hemicellulose, 23 % lignin, 3 % ash [25]. Ourules
showed that the rape straw before packing comukiste7 %
cellulose, 13 % hemicellulose, 11 % lignin (Tab)e &fter 44

days experiment, the concentration of these cong®un
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TABLE 3.
OPERATING CONDITIONS OF THES COLUMNS’ MODEL SYSTEM
Items or parameters Columns
P 1 2 3 4 5
. ) Ceramic beads / | Ceramic beads Ceramic beads /
Packing material Rape pods Rape stalks
rape pods rape stalks rape pods
. . 345.24 / 345.22/ 318.35/
Layer weight, g (ceramic beads / straw) 15.00 40.08 30.08 80.03 15.02
Layer height, mm 180 235 210 250 175
Layer volume, L 0.882 1.152 1.029 1.225 0.858
TemperatureC 16-19 16-19 16-19 16-19 16-19
Inlet hydrocarbon concentration, ppm 150 150 150 0 15 150
Air flow direction Upflow Upflow Upflow Upflow Upfbw
. . 0.0360+ 0.0276+ .
Air flow rate, ni/h 0.0312+ 0.0378 0.0438 0.0426 0.0414+0.0480 0.0198 0.0264
Removal efficiency for volatile hydrocarbons, ¢
(Day 9 / Day 9, repeated measurement after 1h/ 26.7 /6.7 / 26.7 8337200/ 333/133/ 46.7/33.3/ 20.0/13.1/20.0
33.3 26.7 40.0
Day 29)
Packing material saturation capacity time for 152 /283 /
volatile hydrocarbons, s (Empty, Day 1 / 111/150/130 289 /268 /297 320/291/109 240/ 3241250
15
Inoculated, Day 2 / Incubated, Day 14)
Compaction of the packing material after 44 days 8.7 4.0 3.3 3.6 10.6
experiment, % of the total column height (73.9-65.2) (84.4-80.4) (74.4-71.1) (90.0-86.4) (72.5-61.9)

1.

CONCLUSIONS
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Andrejs Berzins, Katrina Potapova, Silvija Strikauska, Olga Muter. Salmwn keramikas materialu kombinacija gaistoSo odidenrazu
biofiltr acijai

Raksti saidzinatas piecas biofilticijas kolonnas (katras kejais tilpums 1,58 litri), kas dadas attiegbas pilditas ar rapSa salmiem un
keramikas granam. Lai nodroSiatu biopkves veidoSanos uz regsateriliem, kolonram ar pildmateglu periodiski (1) pievienoja barotni un
oglidegrazu sadaloSu badttju konsorciju MDK-EKO-7; (Il) pievienoja barotni(lll) pievienoja tdeni; K& afi (IV) kolonnas ievadja
dizeldegvielas tvaikus. Mikroorganismu aktatiess un kultras %idruma ipadbu nowrteSanai noteica tajfluorec@na diacetta (FDA)
hidrolizes aktivigti, heterotrofo mikroorganismu koloniju veidojoSienibu (KVV) skaitu, pH un redoks poteati, ka ai slapeka, oglelta un
sera koncenficiju. Pec 48 stundu baktiju kultivacijas, KVV skaits kultras &idruma bija lidzgs vigs pie@s kolonris un vargja robeis (5,3
+ 8,4)x 10° kvv/mL. Mikroorganismu FDA hidrates aktivite kultiras &idruma kolonras pic kultivéSanas pirmajcikla at¥iras. Augstika
FDA hidrolizes aktiviiite bija ceturtaj kolonra ar rapSa stubjiem, t.i., 21,46 mg FDA/L n&ga stund. Nakamajos inkubcijas ciklos barota
vai sterili destikta tden enzinstiska aktivitate bija ie¥rojami zenmaka nekd pec pirma cikla. Starp prbaudtajam kolonram vislielaka
efektivitate attriSanai no gaistoSiem higlepraziem (46,7% ) bija kolonnai ar rapSa s#iblpildijumu. Vislieko pildmaterila blivéSanos
noveroja kolonrais ar keramikas grariuh un rapSa gkstim, attie@gi 8,7 un 10,6 %. #&jas kolonrais materila blivéSaras bija robeds no 3,3
11dz 4,0 %. Em padm kolonram bija rakstuiga visliebka celulozes satura samazdiaras rapSa fkstis pgc 44 dienu eksperimenta. Reatilt
pieradija, ka kogjais skpeklis rapSa salmos visos variantos san@azigaidzinot ar kontroles variantu. Tas ®@r bit saisits ar d§gju ta
izskaloSanu no koloam, ka af ar & izmantoSanu mikroorganismu akthtits rezulita. Petjjuma rezuliti norada uz biofiltra pildmategia
sasiiva svargumu. Talakie patijumi javeic lielakos apaitos.

Amnapeiic bep3unbmi, Katpuna IMoranosa, Cuiasus Crpukaycka, Onbra MyTep. KomOuHanus coioMbl H KepaMH4ecKOro MaTepHaJia
151 GHOPHIILTPALMH JIETYYHX YIJIEBOOPO/IOB

CpaBHWIH 3G PEKTUBHOCTD MATH OHOPUIBTPALMHOHHBIX KOJOHH (00IIHi 00beM st Kaxkaoi 1,58 1), HAMOJHCHHBIX Pa3HBIMH COYCTAHUSIMHE
COJIOMBI parca U KepaMHU4YecKuX rpaHyi. s ¢popmMupoBaHus OHOIUIEHKH Ha MOBEPXHOCTH HOCUTEIIEH, KOJIOHHBI C YIIaKOBOYHBIM MaTepHAIOM
nepuoanuecku obpabateiBany, (I) moGaBimsisi murarenbHYH cpeay M KoHcopuuyMm Gakrepuit MJIK-EKO-7, crocoOHBIH nerpaaupoBath
yrueBogoponsl; (II) mo6asmsst murarensuyto cpeny; (Ill) mo6asnsst Boxy; a takxe (IV) nomaBanu serydyro Gppakiuio JU3EIbHOIO TOILIHBA.
ITokazaTesisIMH aKTHBHOCTH MHKPOOPTaHM3MOB U CBOWCTB KyJbTYPaIbHOH JKHIKOCTH SIBISUIUCH IHAponn3 (iyopecuenHa auanerata (OIA),
qucio kosouuu obpasyromux eauaun (KOE) rereporpodnsix 6akrepuii, pH 1 pefokc MOTeHIMAN, a TAKXKE KOHLEHTPALHUS a30Ta, YIriepoaa 1
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cepsl. ITocne 48 yacoBoro KynbTHBHpOBaHus Oaktepuii, uncino KOE Bo Bcex HATH KOJOHHAX OBUIO CXOKHM M BapuHpoBallo B mpexeiax (5,3 +
8,4)x 1® KOE/mn. B 1o e Bpems, akTHBHOCTS riaponsa OJJA pasnuuanack: HauOoIee BHICOKAs aKTHBHOCTh OTMeUeHa B 4-0i KOJOHHE,
HAIOJIHEHHOM cTeOIsIME parica, kotopast coctaBiia 21,46 mr OJIA/n HocuTens B 4ac. B MOCIEAYOIMX [IMKJIAX HHKYOAIlMH B MTUTATESIbHOM
cpefie WM CTEPHIbHON AUCTUIINPOBAHHON BOJE, aKTUBHOCTh ruzponu3a GJIA Oblna 3HAUUTENBHO HHMXKE, IO CPABHEHUIO C TIEPBBIM IIUKIIOM.
Cpemst TECTHPYEMBIX BapHaHTOB, HamOoJee BBICOKas 3(P(EKTHBHOCTh yHAICHHUs JICTYYHX YyrieBoaopoaoB (46,7%) Oblia B KOJIOHHE,
comepxamieii crebim parca. Hambomee MHTEHCHBHOE YIUIOTHEHHE HAIOJIHHTENS ObLIO OOHAPY)KCHHO B KOJOHHaX C KEPaMHUYECKUMH
rpaHyJiaMH B CTpY4YKaMH parica, T.e., 8,7u 10,6%,cooTBeTcTBeHHO. B pyrux KoJloHHaX yrioTHeHUe ObUIo B auanasone 3,3 + 4,0%01u xe
KOJIOHHBI XapaKTePH30BAINUCH HauOoJiee 3HAYUTENIBHBIM CHIDKEHHEM IeJUTIONIO3BI B CTpydKax parca mnocie 44 nHel sKcrepuMeHTa.
KonnenTpanus o0mero a3ora B COJIOME parca K KOHITy SKCIIEPUMEHTa CHHU3WIAch BO BCEX BapHaHTaX, YTO MOXET OBITH OOYCIIOBIEHO €ro
YaCTUYHBIM BBHIMBIBAHMEM M3 KOJIOHH, a TaKXKE HCIOJIb30BAHUEM MUKPOOPTaHW3MAaMH B MPOIECCE UX KU3HEAEITENbHOCTH. Pe3ynbTaTsl 3TOr0
HCCIIEJOBAHMS YKa3bIBAIOT HA Ba)KHOE 3HAUCHHUE COCTaBa YIIAKOBOYHOTO MaTepHaina. JlanpHeifIne 3KCIepUMEeHThI 10JDKHBI ObITh BBIITOJHEHBI B
KOJIOHHAaX OOJIBIIEro pa3Mepa.
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