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Abstract: Combining ozonation with aerobic wastewater
treatment by using pre- and post-ozonation or otheschemes is a
known method for improving purification of industri al
wastewaters. The application of mentioned methods iasually
restricted due to the need of high ozone doses thsignificantly
increases the cost of the purification process. Thenethod of
combining of ozonation and aerobic bio-oxidation ito single
integrated process, described in the current paperhas been
found to improve wastewater purification efficiencywhen small
ozone doses are applied. It is demonstrated how skhazone
doses improve the performance of the aerobic bio-@ation
process over the conventional aerobic bio-oxidatiorprocess.
Results revealed that the measurement of mixed liaqu
suspended solids (MLSS) is not suitable for evaluath of the
activated sludge concentration in bioreactor. The nesurement
of ATP concentration proved to be superior over theMLSS
concentration, as its response to ozone attack wemsmediate.
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|. INTRODUCTION

Aerobic biochemical (aerobic bio-oxidation) wastésva
treatment is an inexpensive and the most widelyg ypsenary
treatment method used in purification of
wastewaters. Industrial wastewaters are often cleiaed by
high total organic carbon content, low biodegralitgbihigh

problems in biochemical treatment process.

the excess sludge generation without adverselyctaifg the
micro-organisms population
responsible for the purification effect i.e. viabhricro-
organisms. Due to these effects of the two methibdsould
be reasonable to implement the first method in wipal
wastewater treatment, as the main problem therehés
generation of excess sludge, while the second rdefthioect
introduction of ozone into bioreactor) could be disi
purification of industrial wastewaters.

Several works, carried out recently [2, 3, 4], ham®wn
that combining aerobic bio-oxidation (ABO) and oation
into a single integrated process is an efficieny teaimprove
the purification efficiency of industrial wasteweteAlthough,
in a lab-scale plant, the integrated process lqmksnising,
there are several problems that have prevented
implementation of the process in a real, largeespént:

e selection of ozone dose — it has to be sufficienintprove
the purification process efficiency, but low enougb that it
would not inhibit the biological activity,

® micro-organisms, imposed on low ozone dose, magldpv
improved ozone resistance.

in activated sludge (AS)

the

For example, van Leeuwen et al. [3] conducted aystu

where ozone doses of 45 and 30 rigiere used. They
concluded, based on evolution of COD removal efficy,

inactivation of micro-organisms. The authors of gresent
article have studied

activated carbon (AC) treatment and ABO with ACatreent

Ozonation in combination with aerobic biochemicahnd direct introduction of ozone into ABO proceS$ [The

wastewater treatment has been considered to béfentive

way to reduce several problems arising in treatmeft
industrial wastewaters. Earlier studies focused nipaion

biochemical wastewater treatment combined with ed

post-ozonation. Although biodegradability of thesteavater
and effluent water quality were improved, thosehuds were
found to increase remarkably the costs of the jmatibn

process. To overcome the mentioned drawback, agrated
process — introduction of ozone into activated gtud- was
proposed.

There are two possible ways, sited in literaturggdufor
introduction of ozone into activated sludge: ozamatof
recycled sludge stream (1) and direct introductidérozone
into bioreactor (2). The main goal of the first hmad is the

results of the study showed that small ozone dede®mst
immediately increased COD and BOD removal efficieacA
longer period of biomass ozonation led to a distode of the
bioprocess and to the formation of soluble COD B@G®D that
reduced effluent water quality. Thereby it is rewdule to ask,
how do find the right dose and what parameters reelle
considered when choosing it?
Performance of AS system
determining different values — chemical oxygen dedna
(COD), biochemical oxygen demand (BOD),
concentration, sludge vyield, sludge decay rate dtoe
evaluation of the impact of ozone on AS system dsally
based on the same values. In most of the workscatsdi to
combinations of ozone and ABO, the effect of ozoneAS

industriathat ozone dose of 45 mg‘Lwas too high and caused

n _ the following processes fore th
toxicity and colour — these properties may causeatgr purification of phenolic wastewater: ABO, ABO with

is usually evaluated by

sludge

reduction of excess sludge production with possibleave been evaluated by measuring changes in sludge

improvement in sludge settling properties. The gealsually
achieved by the cost of slightly reduced efflueatar quality
[1]. The aim of the second method is to improve effeuent
water quality (improved colour removal,
chemical oxygen demand — COD) and, if possibleethuce

88

concentration, expressed as the concentration xddrliquor
suspended solids (MLSS) or mixed liquor volatilesgended
solids (MLVSS) [4, 6, 7].

reductionf o The approach to evaluate the viable micro-organisntsS

by measuring the MLSS concentration is questionaditee
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usually the adenosine-5'-triphosphate (ATP) coregion is
considered to be the measure of micro-organismkilitia

results of the ABO process, carried out simultasBouAS
used in experiments was adapted to the wastewater.

The main reason why it is not correct to use MLSS For ozone introduction into continuous reactor,tiltksl

concentration for monitoring the viability of ASs ia long
response time — ozone inactivates sludge and iinbem
affect the sludge generation rate. An inverse igglahip is
valid: the greater the amount of inactivated slydbe lower
is the generation rate of new micro-organisms (guygeld is
assumed to be constant, as it depends of the type
wastewater or substrate). As solids retention t{®RT) of
conventional AS system is usually at least 3 dags ffarticles
that enter the bioreactor are retained there fada@s), a
considerably long time is needed before any chamgember
of viable micro-organisms, detected as MLSS, can
measured. Another problem is the time needed ty cart the
MLSS measurement procedure — a portion of sam@adbe
dried at 105 °C as long as there is no change issrfj.
Taking into account the shortcomings of MLSS meaisiant,
several other applications are suggested for th@surement

of changes of viable micro-organisms in AS. The tmos

water was saturated with ozone and pumped to thetae—
the method was used to simplify the calculatiotransferred
ozone dose. In kinetic study, distilled water satien with
ozone was injected via syringe. To avoid the appare
improvement of the performance of the integratedcess
aver the ABO process, caused by the addition ofilléid
water saturated with ozone (effect of dilution)e tlsame
amount of distilled water was added to the ABO psscat the
same time. In viability study, gaseous ozone with ftow rate
of 0.5 L-min* and inlet concentration of 24 to 26 mgbD",
beas introduced into the activated sludge in bateactors.
Ozone was produced from compressed air by Traillgezo
LO ozone generator (batch processes) or from aiClaar
Water Tech. Inc. P-2000 ozone generator (continuous
process).

B Analyses

appropriate method seems to be the measurementTbf A Ozone concentration in distilled water was meaSLb?d

concentration. The method of ATP measurement {seaific,
precise, fast and sensitive way to detect the cdraion of
all viable micro-organisms in suspension.

The aim of the present study was to determine tfeeteof

indigo colorimetric method (4500-) as described in [8]. In
viability study, ozone concentration in the inleasgwas

detected with ozone analyzer (Anseros GM-PRO), hia t
outlet gas by iodometry [8] (2350E).

ozone on the efficiency of ABO process and on micro Determination of COD, and BOD was performed accuydi

organisms viability in AS.

The effect of small ozone doses on efficiency of GAB
process and pollutants (resorcinols) removal kisetivas
evaluated using the results of the experimentaldystu
described in [5] and additional experiments. Thability
study — ozonation of AS in batch reactor — wasgeréd to
evaluate the effect of different ozone doses ohilfg of AS,
detected as ATP, and on MLSS concentration.

A Methods

The previous study of the effect of ozone on tHiiehcy
of ABO process was carried out in a continuous Sedle
plant consisting of two ABO reactors (volume of litPes).
Integrated processes — ABO with AC treatment an@AMth
direct introduction of ozone into ABO reactor andC A
treatment — was carried out in one reactor and ABg2ess in
another reactor (control reactor for the referestata) [5]. The
results of the two integrated processes were usex/dluate
the effect of ozone on ABO process.

The effect of ozone on the viability of micro-orgems in
AS, as well as kinetic study was carried out inchakeactors
(volume of reactors 1 and 2.6 litres, respectively)

The synthetic resorcinols containing
corresponding by its composition to the Kiviter -sliale
semicoking process effluent [2], was used in theeeixnents.
In viability study, in order to detect the effedtazone on pure
AS (i.e. there are initially no ozone reactive compds, other
than AS, in suspension), also distilled water (wiltessary
nutrients — C, N, P, Mg, C&*, Fe”, K*, N&’) was used. The
results of the integrated processes were compavethd

MATERIALS AND METHODS

to [8] (methods 5220 D and 5210 B, respectively).98 and
MLVSS measurements were performed via porcelainedisas
described in [8] (methods 2540 B and 2540 E).

C Determination of adenosin-5'- triphosphate (ATP)

ATP was extracted from the samples (2 ml) with gnaé
volume of TCA/EDTA solution (10%/4 mM) (TCA -
trichloroacetic acid). The fixed samples were froz¢ -18°C
and analysed within four weeks. For ATP analysisidas
were thawed, mixed, and MLSS was allowed to se®ttamr to
assay, samples were diluted 50-fold with Tris-EDbéffer
(0.1 M/2 mM; the pH of the buffer was adjusted t@5/with
acetic acid). ATP concentration was determined guéirefly
luciferin-luciferace reaction mixture (ViaLight®MDAPIus,
Lonza, USA). Internal calibration with known ATP
concentration was used throughout the procedur@.uLOof
diluted sample was pipetted to a cuvette, backgtolight
emission was measured; 1Q6L of luciferine-luciferase
enzyme mixture was added, sample was rapidly mied
light emission was measured with 1253 Iuminometer
(ThermoLabsystem, Finland); subsequently {0 of ATP
internal standard (1.65-£0nol ATP-mL', Sigma, USA) was
added, sample was mixed and light emission was unegés

D. Determination of resorcinols (kinetic study)

wastewater, The concentration of resorcinols in the batch @actvas

measured by gas chromatography using Thermo Etectro
Corporation Focus GC system with a flame ionisation
detector. Resorcinols were extracted with diethilee (3
times), which was then exchanged with chloroformul20of
sample was manually injected to split-splitlessdtpr (300
°C, splitless time 0.5 min). The sample was carbigdarrier
gas (N, flow rate 1 mL/min) to Restek Rtx-1 (fused silica
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capillary column (30 mx0.32 mmx0.26m) where it was
separated. Total resorcinols concentration was uneds

I1l. DISCUSSION

A Effect of ozone on the efficiency of ABO process

The evaluation of the effect of small ozone dosesABO
process was carried out on the basis of the resiltthe
continuous integrated processes. An average ozose was
2.45 mgQ-L* (mg ozone per litre of treated water).

The concentration of viable micro-organisms wagresed
by measuring the concentration of AS (as MLSS) (Fégla).
Performance of the integrated process (direct diction of
ozone into activated sludge) was characterized filyeat
water quality (as COD and BOD) (Figure 2).
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Fig. 1. Activated sludge concentration in studiedcpsses. Lines show the
trend of the concentration of AS (a). Calculatethulative ozone doses (b)

The initial concentration of AS in both processese@grated
and ABO process), was equal (0.74):(Figure 1a). During
the first 8 days of operation, the concentration A8 in
integrated process increased by 0.39'glh ABO process the
concentration of AS at day 8 was of 1.19 §-During the
whole experiment period (15 days), the concentnadioAS in
ABO process, compared to initial concentration,réased,
reaching finally approximately to 1 g'LAfter 8 to 10 days of
operation, biomass concentration in integrated gssctarted
to drop. By this time, as part of AS was discardiedn the
reactors (approximately 5%) on days 1, 3, 6, 8,1B),and 15,
a cumulative ozone dose per 1 gram of MLSS (using
average MLSS concentration) was calculated to &@ #5 to
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56 mgQ-gMLSS* (Figure 1b). It was concluded that possible
reason for the decrease in biomass concentratigriawalarge
ozone dose.

The changes in effluent water quality (as COD a@DR
compared to initial values (CQpand BOL,), are presented
in Figure 2. It is shown that in the beginning, t&®©D
removal efficiency in integrated process was caled to be
~3% higher. On the other hand, BOD removal efficien
integrated process was ~5% lower compared to ABRgss.
Increased BOD value shows that ozone can oxidisactery
organics into biodegradable oxidation intermediated at the
same time ozone may disturb the biodegradationrgéroc
substances. Possible disturbance was caused bsgadedrpH
(it constantly lowered in integrated process fro@27to 5.90
— optimal pH for ABO process is from 6.5 to 8.5)decreased
oxidation capacity (activity) of living micro-orgams. It is
also possible, as stated by Kamiya and Hirotsyjitifiét the
deterioration of effluent water quality was caubgdncreased
organic loading as a side effect of the reductidnthe
concentration of AS.

After 8 to 10 days of operation, COD and BOD rentova
efficiency in integrated process started to dropvas possibly
related to the reduced biomass concentration, wdimoas one
can see from Figure 1la, the reduction of biomass
concentration was much faster compared to changes i
effluent water quality. In the light of these rdsulit is
justified to ask, what happens to the sludge whensi
subjected to ozonation, i.e. how the viable (aytpart of the
sludge is affected?
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{ig. 2. Evolution of COD (a) and BOD (b) removéfi@encies in integrated
nd ABO processes
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B Kinetics of removal of resorcinols how to choose ozone dose that gives maximum iner@as
Study of the ABO and the integrated process in thatQurification efficiency. In the following experimencarried
reactors was carried out to ascertain the kinetitsthe OUt in batch reactors, an attempt to use the cdratéon of
processes. An average initial concentration of ASboth ATP as an indicator of concentration of viable micr

process was 1.46 g/L. Ozone dose, used in intehpateess, 0rganismsin AS, is described.
was of 0.57 mg@L™’ At the start up of the study the In order to evaluate the effect of ozone on the ATRS,

wastewater was added to the bioreactor so thatvarage two different systems were subjected to batch ozmma

initial COD was of 1250 mg/L and BOD of 646 mg/L. 1. ASinwastewater; _

In Figure 3a and 3b changes in COD and BOD compiared?- AS in distilled water _(W|th necessary nutrients).
initial values (COR and BOR) are presented. The COD and T he results of ozonation of AS in wastewater (s@sfilom
BOD removal in integrated process remained higbermared continuous reactor) showedlthat transferred ozasesiup to
to ABO process. In fact, in integrated process $agne @ dose of ~30 mgEYMLSS™ were not sufficiently large to

purification level was achieved approximately tiads faster reduce the concentration of viable micro-organismsAS.
than in ABO process. When AS was re-suspended in distilled water, oztaged to

ozone doses actually increase biomass activityozme MLSS concentration was not changed (or the charagetao

of AS, instead of MLSS concentration in ozonatié\8.
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Fig. 3. Relative COD (a) and BOD (b) in batch teex during the study of
kinetics of processes

Transferred ozone dose, mg/gMLSS

Fig. 5. Effect of transferred ozone doses on neaBATP of AS re-suspended
in distilled water. Dotted lines represent upped dower 95% confidence

Target pollutants that were monitored during kinetiudy, M _ : _ 1PF
limit (obtained using regression data analysis todlS Excel)

were resorcinols. As depicted in Figure 4, the eotr@tion of
resorcinols in integrated process decreased rapMity]in_24 An important factor always considered in wastewater
hours both processes were capable of reducing theatment is the effluent water quality. It is Uspexpressed
concentration of resorcinols well below the maximuny, terms of COD and BOD. In current study, durirpiation
permissible concentration of 15 mg-for dibasic phenols, as of the two systems, only changes in COD were moaito

stated inEstonian Water Act.
Effect of ozone on micro-organisms

According to the data, it is clear that small ozateses
have positive influence on ABO process, but ittils gnclear,

The results of COD measurements are presentedgurd-6.
An important difference between the two systemshzageen.
In case of ozonation of AS only — there are no ez@active
compounds in water that could deplete ozone befaeacts
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with AS — ozone attacks AS and increases the COé&iflfent

contain enough solubilized compounds that readh witone

water (Figure 6a). When ozone reactive compounds doefore it comes into contact with AS.

present, AS is not affected and ozone is used Xudizing

soluble compounds in wastewater. This decrease€@i2 of

effluent water i.e. improves effluent water qual(igigure 6b).
The results are in good agreement with the resfltthe

study of integrated process in continuous readaors kinetic

study. Thus the following conclusions can be made:

1. viability of AS or MLSS concentration in wastewatsr

not affected when ozone dose is under some speci

critical value (Figure 1);
2. direct introduction of small ozone doses into AB@gess

may enhance the purification efficiency compared t

conventional ABO process (Figures 2, 3, and 4);
when AS is attacked by ozone,
concentration of ATP is decreased) and effluenewgtiality
is deteriorated (Figure 2).
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Fig. 6. Changes in effluent water quality, in terafisCOD, during ozonation
of AS in distilled water (a) and ozonation of ASwastewater (b)

Thus, the direct ozonation of an activated sludgtesn is a
complex process. Based on the results of the prasady, it
is clear that the optimisation of ozone dose iregnated
process should be based on the experimental measoref
the ATP rather than MLSS concentration. A crucadtdr to
take into account is also the COD or more spedificdne
composition of water in bioreactor, as it may orynmot

it is solubilized e(t

V. CONCLUSIONS

Present study showed that small ozone doses irteodu
directly into bioreactor improved the COD removélogency
of ABO of phenolic wastewater. Also, the pollutants
(resorcinols) removal rate was improved in integglgbrocess:
[ e concentration of resorcinols was reduced apmately
wo times faster than in ABO process. This findgpws that
short-termed ozonation or small ozone doses agturaltease
Biomass activity and viability of micro-organisms not
affected. At higher ozone doses the performancethef

pprocess will deteriorate. This is caused by theuced

concentration of viable micro-organisms, as wellraseased
solubilization of micro-organisms. The optimal oeodose
depends on wastewater and activated sludge congoaind
should be experimentally determined.

The experiments of AS ozonation in batch reactbwed
that ATP measurements are valuable, giving the iggec
amount of viable micro-organisms and enable to afete
changes in viability.
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Olivers Jarviks, Inna Kameneva. Aktivo diinu ozorgSana periodiskas darfibas reaktora
Ripniecisko un sadves notekdenpu attriSanai pladi tiek lietota aeralbiologiska oksictSaris. Ripnieciskie notelideni bieZi satur daddas

krasvielas, toksiskas vielas, kuru biodeg&aha ir apditinata.

Tadu problemtisko notekidepu attriSanai ir izstidatas daidas metodes, kas ikekij sev aerolas oksidSaras un ozoaSanas kombitiju.
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Dotas metodegauj samazift notekidenu toksicifti, uzlabot to biodegraatiju un kvali@ti, tomer batiski palielina procesa izmaksapasi pie
augsim ozona deam. Mingto trakumu ir iesgjams firvaret, izmantojot integitu procesu, kad ozona ievadna notiek tieSi bioreaktoar
merki dalgji oksidet biologiski gruti degradjoSas un mikroorganismiem toksiskas vielas. ®eaprobéma ir ozona nepiecieSas dozas
noteikSana, kasttu pietiekoSa attiSanas procesa efektisiies palieliaSanai, bet lai vienlaikus nenotiktu biglsko procesu inhi&ana.
Si darba rarkis bija noteikt ozona dadu devu ietekmi uz fenolu saturo3u natésnu biologiskas atirisanas efektiviti (psc KSP, BSP un
rezor@nu koncenticijas) un uz dwo mikroorganismu daudzumu akis dinas. (c ATF daudzuma). Eksperimenti tika veiktd k
neprtraukés darbbas reaktar (ozona deva 2,45 mgs0), ta af periodislas darfibas reaktoros (ozona deva 58 mgglakivo danu , kas
aptuveni ir 80 mg gl).
Eksperimerili tika noteikts, ka neptraukis darfibas reaktar nelielu ozona devu ievaéhna palielina fenolus saturoSu ndiddgu
biologiskas atiriSanas efektiviti pec KSP ( aptuveni par 3%)da kumulaivi ievadta ozona devas pieaugums no #&156 mg Qg akivo
donu izsauc akvo dinu koncenticijas samazi#Banos, vienlaigi samazifjas procesa pH una kopgja efektivitate.
Periodiskis darlibas reaktoros veiktie eksperimenti gifija, ka izmantojot ozona integfanas procesu, rezma koncenticija samazigjusies
aptuveni divas reizedrak, neka tradiciortlaja bioreakto#. Vienlaikus, pamatojoties uz o akivo dinu daudzuma noteikSanug(pATF) var
secirit, ka ozona ietekme uZiglu aktivitati ir atkafga no to vielu Kitbatnes notekdenos, kuras reg ar ozonuatrak par mikroorganismiem.
Ja tdu vielu nav, tad ozons iedarbojas uz mikroorgaiem, kas btiski samazina koo atiriSanas efektivitti. ATF koncenticijas
noteikSana (vai jeldida cita anates metode, kas tiek izmantotawdzakivo dinu daudzuma noteikSanai)arkartigi svafga ozogSanas, &
metodes, nartéSanai. Ozoesanas ietekme uz notedenpu biologisko atiriSanu ir atkaga no notekdenu un akivo dinu sasiva, ko ir
iesggjams noteikt tikai eksperimediic

Ounugep SIpuk, Huna Kamenesa. O30HHpoOBaHHe AKTHBHOTO WA B PEAKTOPe MePHOINYECKOr0 el CTBHSI.

JUi1st OYMCTKH OBITOBBIX M MPOMBINLICHHBIX CTOYHBIX BOJ[ IIUPOKO MPUMEHSETCST a9pobHOe GHomorideckoe okucienue. OIHAKO U3BECTHO, ITO
HEKOTOPBIC TIPOMBIIIICHHBIC CTOYHBIE BOJIBI COAEPIKAT TUIOXO Pa3Naralomnecs OHOIOrHIeCKH, TOKCHYHBIE U CHIIBHO OKPAICHHBIE BEIIECTRA.
JIitst OYMCTKH TaKMX MPOOIEMHBIX CTOYHBIX BOJ Pa3pabOTaHbl pa3inyHbIe METOIbI, BKIIOYAIONINE B ce0sl KOMOWHAIMIO a9pOGHOTO OKHCIICHHUSI
C TIpeJi- ¥ TIOCTO30HUPOBAHUEM.

JlaHHBIC METOABI MO3BOJSIIOT CHHU3UTh TOKCHYHOCTH CTOYHBIX BOJ, YJIYYIUMTh HMX OHOPA3IaraéMocTh M KadeCTBO, OJHAKO CYIIECTBEHHO
YBEINYMBAIOT CTOMMOCTb IpOILECCa, OCOOCHHO MHPH BBICOKMX [03aX O30HA. YKAa3aHHBIA HEZOCTATOK MOXHO MHPEOAONEThb, HCIOJIB3YsI
MHTETPHPOBAHHBIA MPOLECC, IPU KOTOPOM BBOJ O030HA OCYIIECTBILSIETCS HEHOCPEACTBEHHO B OHOPEAKTOpP C LENBI0 YAaCTHYHO OKHCIHTDH
OGUOIOTHYECKH TPYIHO pas3jaraéMble U TOKCHUYHBIE ISl MUKPOOPTaHU3MOB BeliecTBa. OHOBPEMEHHO C 3THM, IPU NMPABHILHOM J03HPOBAHHUH
030Ha, MOXHO JOOMTBHCS 3aMETHOTO CHIDKEHHS KOJMYECTBA W3OBITOYHOTO aKTHBHOTO mia. [Ipu 3TOM mpoOIeMoii sBISIETCS 000D
HEOOXOAMUMOii [I03bI 030HA, JOCTATOYHOMN Ul yBeanueHHs 3()EKTHBHOCTH MPOLECCa OIUCTKH, U OJXHOBPEMEHHO C 3TUM HEIOCTATOYHON st
HMHTHOUPOBAHNUsI GHOJOTHYECKUX MPOIIECCOB.

Llenbio MaHHOM pabOTHI ABISIOCH ONPENENHTh BIMSHHE PA3MYHBIX J03 030HA Ha 3()(EKTHBHOCTH OHOJOTHYECKOW OYMCTKH (DEHONBHBIX
crounslx Box (o XIIK, BIIK u KOHIEHTpALHK Pe30PLHMHOB) U Ha KOJIMIECTBO )KUBBIX MUKPOOPIaHU3MOB B aKTHBHOM Wie (IO KOJHYECTBY
AT®). OnbIThl IPOBOJMINCH KAK B PEAKTOPE HEMpEphIBHOrO AeiicTBus (no3a o3oHa 2,45mrO3/i), Tak U B MepHOJMYECKUX peakropax (1o3a
030Ha 58 MrO3/r aKTHBHOTO HJIa, 4TO MPHOIH3UTENBHO paBHo 80 MrO3/i).

OrbITHBIC TaHHBIC TOKA3AIH, YTO BBEACHHE B PEAKTOP HENPEPHIBHOIO AEHCTBHS HEOObBIINX 103 030HA YBEAMYHIO 9 (HEKTHBHOCTD Ipolecca
OYHCTKA (heHONBHBIX cToUYHBIX Box mo XIIK ( mpumepro Ha 3%), OMHAKO KOT/Ia KYMYISITHBHO BBEICHHAs 03a 030HA Bospocia ¢ 45 mo 56
MrOs3/T aKTHBHOTO MITa, KOHI[EHTPAIHS aKTHBHOTO MJIa Hayasa CHIKaThes. CHU3UIOCH Tak ske pH mporecca u ero o6miast 3 GpeKTHBHOCTb.
OIBITH, TPOBENECHHBIE B TIEPHOAMIECKIX PEAKTOpPaxX IMOKAa3alH, YTO B CIydae MCIOJIb30BAHUS WHTErPUPOBAHHOTO MPOIIECCa KOHIEHTPALHUSI
PE30PIMHOB CHIKAACH IPUMEPHO B [[Ba pa3a ObICTpee, YeM B TPAJHIMOHHOM GHopeakTope. OTHOBPEMEHHO C 9THM, Ha OCHOBE OTPEIEICHHS
KOJIMYIECTBA XKUBOTO akTHBHOTO mina (mo AT®), MOXHO 3aKIIOYMTH, YTO BIMSHHE O30HA Ha AKTHBHOCTb WA 3aBHCHT, NMPEXKIE BCEro, OT
HAJIMYUsI B CTOYHBIX BOJAX BEIIECTB, KOTOPBIC PEArHPYIOT C 030HOM OBICTpEe, Y4eM MHKPOOPraHM3MBL. [IpH OTCYTCTBHH TaKHX BEIIECTB 030H
aTakyeT MHKPOOPTaHMU3MBI, YTO BEACT 3a COOOM 3HAYHTENBHOE CHIDKEHHE Pe3ysbTaToB. Ha OCHOBE ONBITHBIX JAHHBIX MOXKHO YTBEPXKIATh, U4TO
omnpeesneHne KoHueHTpamu AT® (1 ar000i Jpyroil METO aHaMu3a, IPUMEHACMBIH JUTS OTIPE/ICICHHS KOJINYECTBA KMBOTO AKTHBHOTO HJIa)
SIBISIETCS YPE3BBIYAHO BaXKHBIM IS OLICHKH O30HHPOBAHHS HA MPOLECC OHOIOTMYECKOM OYMCTKM CTOYHBIX BOA. BakHO Tak e TO, 4TO
BITHSTHAE 030HMPOBAHMS 3aBUCHUT OT COCTAaBa CTOYHBIX BOJ M AKTHBHOTO WA, YTO MOYKHO OTIPEENHTD TOIBKO IKCIIEPUMEHTAIBHBIM ITyTEM.
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