ANNAL. BIOL. TIHANY 37  209—222 HUNCJAUIA 1970

MEASUREMENT OF THE REDUCING ARILITY OF NATURAL WATERS
AND SEDIMENTS: A SIMPLE LIMNOLOGICAL METHOD

JANOS OLAH

Biological Research Institute of the Hungarian Academy of Sciences, Tihany, Hungary

Received: 20th February, 1970

The first redox measurements were carried out in limnology by K ar-
sinkin and K uznetsov (1932), and eversince this first attempt redox potential
came into the foreground of interest (K uznetsov, 1935; Pearsat and Morti-
mer, 1939, Hutchinson €t al. 1939; Deevey, 1941; Arigeier €t al. 1941)
The classical work of Mortimer (1941—1942) once again called the attention
of researchers to the redox processes (zoBet1, 1946; Hayes et al. 1958;
Gorham, 1958) instead of pondering upon certain material migrations occur-
ring on the borderline of mud and water, and to some relationships existing
between the former and certain redox changes.

At this time, it has been pointed out by Hayes and his collaborators
(1958) that in carrying out redox measurements unexpected difficulties may
arise, quite recently stumm (1967) passed severe criticism as to the practica-
bility of directly measured redox potential in natural, mixed systems. Contrary
to this, at the same time, Borcharda (1967) and w agner (1967) state that the
directly measured redox potential within a natural, mixed system yields valu-
able and practicable information. R abotnava (1957) gives a very detailed
analysis on the properties of the redox potential of biological objects, and
establishes that it differs in many respects from the properties of the conception
used in chemical sciences. wnitrieta (1969) considers the problems arising
in connection with redox measurements from the point of view of a limnologist,
and in order to describe the distribution of reduced and oxidized sediments
with good efficiency he uses the following “operational parameter” Eh.

Consequently, it is reasonable and important at the same time to know
and carry out measurements as regards to the momentary redox state of
waters and sediments from the point of view of limnology. This is supported
by the ever increasing number of measurements carried out far and wide
(Drabkova, 1966; Romanenko, 1966, Mihaylenko, 1967, Patrick and
Turner, 1968, Kjensmo, 1968, Whitfield, 1969)

However, besides measuring the momentary redox state, we think that
to measure the intensity of redox possesses occurring in natural waters and
sediments are also deserve attention. In order to study the redox processes
occurring in the Hungarian lakes with a great stretch of water and in shallow
water the measurement of the reducing ability of water and mud is especially
suitable, where owing to continuous atmospheric oxygen supply the momen-
tary redox measurements are insufficient to survey the guantitative relation-
ships of the process. We have found no reference in the literature as to the
measurement and to the potential reduction ability of natural waters and
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sediments, thus, its order of magnitude may only be calculated from the degree
of oxygen consumption. Accordingly, we have elaborated for a direct measure-
ment a simple new method, which is based on the redox changes of a closed
system containing natural substrate.

Description of method

The oxygen has a very important role in establishing the redox state
of natural waters and sediments as it generally has in the redox processes. The
reducing ability of the examined water and sediment was measured during
longer or shorter periods of incubation time depending on the sample by ex-
cluding the atmospheric oxygen supply and terminating the process of photo-
syntesis.

The graduated vessel (Fig. 1), a 250 ml glass container of 6.5 cm dia-
metre fitted with a ground glass or rubber stopper. The measuring and reference
electrodes built into the stopper were immersed throughout the analysis into
the liquid to be measured. By completely excluding oxygen diffusion we could
not solve the problem of coupling the reference electrode’s agar bridged or its
simplified variety in the measuring space (Kovacs and Matkovics, 1954).
We incubated our samples at 25 °C, at the dark parallels the measuring vessel
has been covered with aluminium sheet or with thick black paper. The light
parallel has been illuminated by 5000 Lux. The measuring vessel was filled
excluding all bubbles and the samples were saturated with oxygen by bubbling
through them air at 25 °C before filling up.

Throughout our investigations we used electrodes manufactured by
Radelkis (Electrochemical Instruments, Budapest). The measuring electrode
is a smooth platinum sheet with a surface area of 2x0.5 mm2 It has been
washed before application in cronic-sulphuric acid many times, followed by
a careful rinsing In distilled water. The measuring electrodes were calibrate
by ZoBen1’s solution (1964). Our reference electrode was a saturated calomel
electrode. The measurements were carried out in a Beckman GS-type pH

Fig. 1. Measuring vessels for incubation in darkness and in light
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measurer and to the values thus obtained we added 250 mV and so the final
values were given in E;. According to the purpose of the analysis we carried out
1-— 6 measurements a day. When the measurement closely followed the setting
up of the investigation quite frequently the ‘slgmflc{mt drift greatly hinder ed
read off, which, however, after a period of 120 min, but mostly after 20 min,
ceased.

Working with closed systems the repeated measurements could be re-
produced with an exactness of 4-10 mV.

Our investigations were carried out with sample waters and sediments
from Lake Balaton and from the Inner Lake of Tihany. The water samples
were taken by the help of FRANCEV’s sampler (KuzNETSOV, 1962) from a depth
of 50 em disregarding vertical sampling, while the mud samples were taken

partly by using the Ekman-Birge dredge, and partly by a mud borer. To
determine the reducing ability of the sediment we placed some 50 ¢ moist mud
into the measuring vessel then at 25 °C oxygen-saturated lake water was
layered on it. Then by differential filtration using Soviet and Oxoid filters
(pore size: 100 u, 6 u, 0.5 u) we were able measure separately the role of zoo-,
phyto- and bacterioplanktons in the reducing ability of the lake.

The oxygen concentration during the investigation was determined
by the Winkler method. The saprophytic microorganisms were counted on
the sodium-caseinate agar for this medium proved to the most efficient in
the case of water from Lake Balaton (OrAE and VAsAruELYT, 1970). The total
quantity of microbial plankton was determined by Ramuzov’s direct method
(1932) and likewise was the quantity of phytoplankton determined by the help
of a membrane filter.

When the lake water was incubated in light the redox potential within
the measuring vessel remained unchanged for quite a long period of time, or
it increased (1« ig. 2). Even during a 42-day incubation, this was the longest,
no decrease in redox potential was observed. Long lasting incubations gen-
erally brought about an increase in the redox potential of the sample, es-
pecially when the water sample was taken near the substrate. When the same
samples were incubated in darkness — i.e. excluding photosynthesis — de-
pending on the origin of the sample, after a longer or shorter period of time
the redox potential decreased. This phenomenon may be called the darkness-
induced reducing ability of the sample. The main characteristics of the curve
obtained during incubation in darkness (Fig. 2): time requirement until
the decrease in redox potential (1); length of duration of the decrease itself (2);
and the redox potential value characteristic for the state of equilibrium (3).

By excluding the continuous oxygen supply in the measuring vessel
gradually results in the total consumption of oxygen (Fig. 3) which in turn
set off further processes causing an even more pronounced decrease in redox
potential set in (1), consequently depends primarily on the intensity of oxygen
consuming processes. The significant decrease in redox potential coincides with
the complete disappearance of oxygen (HurcriNsoN, 1957), thus, we obtain
data as to the rate of oxygen consumption by observing the darkness-induced
reducing ability, and furthermore, we may obtain information on the biochem-
ical oxygen demand (BOD) of natural waters and sediments. By knowing
the oxygen content of an oxygen saturated water at a given temperature
and the volume of the measuring vessel we can calculate the quantity of the
oxygen used up during a given period of time.
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incubation time (days)

Fig. 2. Changes in redox potential during incubation in darkness and in light
(a) surface water, (b) bottom water from the Inner Lake of Tihany

Fig. 3. Relationship between redox potential and oxygen concéntration in the water
of the Inner Lake of Tihany
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The redox potential, however, independently from oxygen concentration,
sufferes further changes under the influence of several other factors (Fig. 3).
From this fact it follows that by simply measuring the concentration of oxygen
we do not get a picture true to reality as regards actual redox state. In the oxy-
gen-free period according to the state of equilibrium the redox potential (3
at any rate depends on the special biological and chemical composition of the
sample. The length of the decreasing part (2) on the curve, on the other hand,
depends additionall?/ on the change in oxygen concentration and on the che-
mical and biological composition of the sample.

Some typical experiments with the method
and the interpretation of results
On the 23rd May, 1969 we measured the reducing ability in the water
full of reed fragments in a reedery in Lake Balaton in front of our Research
Institute. A decrease was observed in the redox potential in the lotic zone the

open water after the 8th day, while this decrease occurred in the littoral,
lenitic zone separated from the open water already on the 2nd day. Here, the
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Fig. 4. Relationship between the reducing ability of various water layers and the vertical
distribution of plankton in the Inner Lake of Tihany
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value for the state of equilibrium was 300 mV, while for the lotic zone this
value was only 450 mV. We found no significant difference in the reducing
ability between the vertical samples originating from within the reedery and
from the open water. A decrease in the redox potential was observed In the
reedery on the 6th day, while in the open water on the 18th day.

On the 12th June, 1969, the reducing ability of the water In the strongly
eutrophic Inner Lake of Tihany significantly differed verically, too (Fig. 4).
Redox potential decrease was measured in the bottom water on the 3rd day,
while in the surface water on the 8th day. The time required for the decrease
in redox potential from the surface water proceeding downward is gradually
shortening by 1day per metre. Parallel with this, the total quantitP/ of micro-
bial plankton gradually increases towards the bottom from 2 « 106ml to 6 « 106
ml. The number of saprophytic organisms increased with a similar tendency
from 200/ml to 3800/ml. On the contrary, the quantity of phytoplankton
decreased toward the bottom. In the surface water the reducing ability is well-
night the same down to a depth of some 50 cm, it is probable that the sudden
decrease in the microbial plankton at a depth of 50 cm is compensatedby the
maximum number of phytoplankton existing here.

The darkness-induced reducin ability of the water from the Inner Lake
of Tihany displayed marked changes according to seasons. The biggest was
(4 days) on the 30th July and 3rd September, while the smallest was (9 days)
on the 4th December (see Fig. 5).

The vertical examination of the Inner Lake of Tihany proves that the
reducing ability of water and sediment is primarily determined by the quantity
and quality of living organisms. By differential filtering the effects of individual

Fig. 5. Seasonal changes in the reducing ability of the water deriving from the Inner
Lake of Tihany
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components may well be separated. Significant difference was observed bet-
ween the reducing ability of the filtered and unfiltered water of the Inner Lake
of Tihany and that of Lake Balaton. The 6 u filtering (Fig. 6) of the water of
Lake Balaton shifted the decrease of the redox potential by a day and a half,
and the so obtained state of equilibrium hardly showed any difference from

Fig. 6. Reducing ability of filtered and unfiltered water of Lake Balaton

Fig. 7. Reducing ability of filtered and unfiltered water of the Inner Lake of Tihany

that of the unfiltered water. Examining the same in the Inner Lake of Tihany
on the 30th July, 1969, the 6 /nfiltering (Fig. 7) shidted the decrease of the
redox potential by three days, on the other hand, the so acquired state of
equilibrium was 300 mV more positive than that of the unfiltered water. The
separation of zooplankton shifted the decrease of redox potential only by on
day, and the so gained state of equilibrium hardly differed from the previous
state. Consequently, in the case of the Inner Lake of Tihany the phytoplankton
play an important role in the formation of redox potential corresponding to the
oxygenfree equilibria! state.



21(5

On the 16th April, 1969, we measured the reducing ability of sediments
coming from different depths from the reedery of Lake Balaton in front of
our Research Institute. The best reducing ability was displayed by the upper,
active layer containing the highest number of bacteria. The decrease in redox
potential occurred already two days after incubation. A longer period of time
Is needed for the decrease in redox potential in deeper lying layers. This, how-
ever, does not increase parallel with depth. For example, the decrease requires
three days in a layer lying at 12—15 cm deep, while this decrease is attained

Fig. 8. Reducing ability of mud examined at 4 sites each of sections “A” and “M”
(Lake Balaton)

only after six days at a depth of 9—12 cm. This indicates, that the reducing
ability of the sediment in a reedery has a definite stratification. The reducing
ability of the various layers increases parallel with the quantity of the par-
ticulate organic material. Thus, layers displaying a very strong reducing
ability are at the same time the accumulational zones of reed detritus.

The reducing ability of the sediment is dependent to a great extent on
the origin and age of the detritus. The reducing ability of the mature detritus
(Rodina, 1964) of a sediment in a reedery, is greater than that of open-water
sediment; at the same time, the reducing ability of young detritus originating
from a reedery (Rodina, 1964) is smaller still than that of open-water sediment.

We analyzed the reducing ability of 5standard sections of Lake Balaton
(Tamas, 1967) on the 11th April, 1969 but found no great divergencies. A
decrease in redox potential occurred the quickest inthe sediment deriving from
section M (Készthely-Bay). On the 11th September, 1969, we took 4 samples
each from sections M and A and measured the darkness-induced reducing
ability of the sediment (Fig. 8). The similarity in the measured reducing
ability of sites lying closely to one another within one profile confirm the exact-
ness of the method in investigating sediments. The time requirement for the
decrease of redox potential in section Mwas 5days, while the same for section A
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was 7 days. Which prove the great reducing abilit yof the sediment deriving
from Keszthely-Bay (section M()].

The darkness-induced reducing ability of natural waters and sediments
may be used in studying the processes of mineralization and by their help
we are able to measure the influence of various materials exerted on redox
potential. Under aerobe condition the mineralization of organic materials
is proportional with oxygen consumption. From the quantity of consumed
oxygen, and from the rate of consumption we may conclude as to the intensity
of mineralization. On the other hand, under anaerobe condition the mineraliza-
tion products exerting effect on the redox potential is dominant.

Fig. 9. Influence of glucose on the reducing ability of water deriving from Lake Balaton

When giving to the water of Lake Balaton a 40 mg/1 end-concentration
glucose solution (Fig. 9), we find that the length of time required for a
decrease in redox potential is 4 days shorter. Using a 250 ml measuring flask
at 25 °C with a 100% saturation the consumation time of 2 mg oxygen de-
creases to its half. Carrying out the same experiment with the water ofthe Inner
Lake of Tihany, whose time requirement for a decrease in redox potential is
shorter than that of Lake Balaton, under similar conditions with a 40 mg/1
end-concentration glucose solution the length of time required for a decrease
in redox potential is only one day shorter. Thus, by adding glucose the required
time for a decrease in redox potential for the water of Lake Balaton and the
Inner Lake of Tihany becomes balanced. On the effect of glucose the redox
potential corresponding to the equilibrial state both in the cases of Lake
Balaton and in the Inner Lake of Tihany, decreases by nearly 100 mV. On the
19th August, 1969 the lake water of the Inner Lake of Tihany free of phyto-
and zooplankton the time required for a decrease in redox potential lengthened
by 2 days to the unfiltered water. Comparing it to the one measured on the
30th July the redox potential corresponding to the state of equilibrium it
became more positive only by 50 mV. This clearly indicates that even within
a season in a lake the role of individual components change in the formation
of the potential reducing ability. When we added to the filtered lake water
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of the Inner Lake of Tihany a 40 mg/1 end-concentration glucose solution we
obtained a result very similar to that of the unfiltered water. Consequently,
at the time of examination the role of bacteria was decisive in the process.

It was interesting to note, that giving to the water of Lake Balaton and
to the Inner Lake of Tihany a 2 mg/1 end-concentration glucose solution caused
a 4 and 1day shift in the decrease of redox potential. When the same concen-

Fig. 10. Influence of glucose and darkness, then of light incubation on the reducing
ability of water deriving from the Inner Lake of Tihany.
(a) lake water -f- 2 mg/1l glucose; (b) lake water -f- 20 mg/1 glucose; (c) lake water -f-
40 mg/1l glucose; (d) lake water

tration was given to the water filtered through a 0 /t filter deriving from the
Inner Lake of Tihany the length of time required to cause a decrease in redox
potential, doubled. Comparing the redox potential corresponding to the state
of equi ibrium to the control a 200 mV higher positivity was measured, while
the same compared to water to which a 40 mg/1 end-concentration glucose
solution was added this value reached 400 mV. So far we have no explanation
to the phenomena accompanying the addition of glucose with low concentra-
tion.

If the sample gaining the equilibrial state characteristic for oxygen-free
condition, is placed in light (Fig. 10) its redox potential attains a value of the
corresponding initial state. In the case of samples filtered through 6 g sieve
— without phytoplankton — reoxidation, naturally, cannot be effected. It is
interesting, that after adding a 20 and a 40 mg/l end-concentration glucose
solution disregarding a slight increase in redox potential the sample is not
reoxidized. On the other hand, using a low concentration of glucose solution
the process of reoxidation passes freely.
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Summary

In order to measure the potential reducing ability of natural waters and
sediments we employed a simple, direct method, which is based on the changes
in redox potential of closed systems containing natural substrate. The measur-
ing vessel is a 250 ml graduated glass container fitted with a ground glass
stopper or made of rubber into which reference and measuring electrodes are
built. By discontinuing the atmospheric oxygen supply, and by excluding
photosynthesis because of incubation in darkness, the redox potential decreases
in the measuring vessel containing natural substrate. Information received
during measurement: 1 time requirement for redox potential decrease;
2. length of decrease; 3. redox potential value characterizing the state of
equilibrium.

Some typical experiments exemplifying the applicability of the method
brought the following results:

1 The supertrophic water ofthe Inner Lake of Tihany displays a greater
reducing ability than that of Lake Balaton, and further, this reducing
ability shows significant changes as regards seasons.

2. In the reedery of Lake Balaton the reducing ability of the water in
the lotic zone is smaller than in the lenitic zone, and in both cases
the reducing ability is higher than that of the open water.

3. The reducing ability of the water deriving from Lake Balaton does
not change vertically, at the same time, in the Inner Lake of Tihany
the reducing ability towards the bottom increases. The growth showed
a direct relation to the quantitative distribution of the total and
saprophytic microbial plankton.

4. The influence of bacterio-, phyto- and zooplankton on the reducing
ability of the water of Lake Balaton and the Inner Lake of Tihany
is different.

5. The sediment in the reedery of Lake Balaton with regard to reducing

ability shows a stratification. The highest reducing ability is displayed

by the upper, active layer, which contains the highest percentage
of bacteria.

The reducing ability of the young detritus is smaller than that of

the mature detritus.

The reducing ability of the sediment in section M in Lake Balaton

is greater than in section A.

By measuring reducing ability we may also obtain data as to the

intensity of mineralizational processes.

If the sample gaining the equilibrial state characteristic for oxygen-

free condition, is placed in light, its redox potential attains a value

of the corresponding initial state.
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TERMESZETES VIZEK ESULEDEKEK REDUKALO KEPESSEGENEK MERESE:
EGY EGYSZERU LIMNOLOGIAlI MODSZER

Olah Janos

Osszefoglalas

A természetes vizek és iledékek potencialis redukalé képességének kozvetlen
meérésére egy 0j, egyszer( mdédszert alkalmaztunk, amely a természetes szubsztratumot
tartalmazé zart rendszer valtozasain alapszik. A mér6edény egy 250 ml-es livegedény,
melynek becsiszolt Giveg vagy gumi dugdjaba mér6 és referenciaelektr6ddk vannak
beépitve. A leveg6bdl az oxigénutanpotlas megsziinése és a sétét inkubalads folyaman a
fotoszintézis kizdrdsa a természetes szubsztrdtumot tartalmazé mér6térbe a redox-
potencial csdokkenéséhez vezet. A mérés soran kapott informéaciék: 1. a redoxpotencial
csOkkenéséhez sziikséges id6; 2. a csOkkenési szakasz nagysaga; 3. a beéllé egyensulyi
helyzetet jellemz6 redoxpotencidl érték.

A modszer felhaszndlasi lehetéségeit bemutaté néhany tipuskisérletb6l a kovet-
kez6k allapithaték meg:

1. A szupereutr6f Bels6-t6 vize a Balatonénal nagyobb redukalé képességgel rendelkezik,
és a redukald képesség szezonélisan jelentds mértékben valtozik.

2. A Balaton nddasaban a viz redukalé képessége a lotikus zénéban kisebb, mint a leni-
tikus zénéaban, és mindkét helyen nagyobb a nyiltvizbhen mért redukalé képességnél.

3. A Balaton vizének redukal6 képessége vertikalisan nem véaltozik, ugyanakkor a Bels6-
toban a fenék felé a redukald képesség névekedett. A ndovekedés a teljes és szaprofita
mikrobialis plankton mennyiségének eloszlasaval egyenes dsszefliggést mutatott.

4. A Balaton és Bels6-t6 vizének redukald képességében a bakterio-, fito- és zooplankton
hatdsa eltér6.

5. A Balaton nédasiiledéke redukald képességét tekintve hatdrozott rétegezettséget
mutat. Legnagyobb reduk&lé képességgel a fels6 legtébb baktériumot tartalmazé,
aktiv réteg rendelkezik.

6. A fiatal detritusz redukalé képessége kisebb, mint az id6s detrituszé.

7. A Balaton M szelvényén az uledék redukéald képessége nagyobb, mint az A szelvényen.

8. A redukald képesség mérésével a mineralizaciés folyamatok intenzitasar6l is adatok
nyerheték.

9. Az oxigén nélkili redox egyensulyra bedllt mintat fényre helyezve a redoxpotencial
kozel a kiindulasi értékre all vissza.

W3MEPEHWE PEAVNLUWPIOLWTEN CNOCOBHOCTU NPUPOAAX BOJ U OCALKOB:
MPOCTON NNUMHONIOTUYECKNIM METO/

A. Onax

L na namepeHns NoTeHUWanbHOR pefuuupytloLeidl cnoco6HOCTM MPUPOAHbLIX BOA W OcCaf-
KOB pa3paboTaH MpoOCTO/ NPAMOW MeTOd, OCHOBaHHbIi Ha W3MEHEHUAX OKUCNUTEeNbHO-BOC-
CTAHOBMUTENLHOrO MOTEHLMaNa B 3aMKHYTbIX CUCTeMax, CofepXalnx npupoaHbIiA cy6cTpar. U3-
MepnTenbHbIM COCYAOM CNYXWUT rpagynpoBaHHbI CTEKNAHHbIA KOHTeliHep Ha 250 mn, cHab-
XEHHbIA HUXHUM CTEKNSHHbIM KPaHOM WKW Pe3MHOBO Npo6KOW, B KOTOPYH BMOHTUPOBAHbI
N3MepALWNIA N petepeHTUBHBIA 3NeKTPOAbI. VIcKntouyeHnem focTyna aTMOC(epeHTUBHbIN anek-
Tpofbl. MicknoyeHnem focTyna aTMOC(HepPHOroKMCAopoAa U UCKN0OYeHeM (DOoTOCUHTE3a (MHKY-
6aLma B TEMHOTe) [JOCTUraeTcs CHUXXEHWEe OKUCIUTENbHO-BOCCTAHABUTE/LHOIO MOTeHuMnana.
B xoge n3MepeHUs MOXHO MONYYUTb CBefeHUs o: 1. BpeMeHW, Heo6XOAUMOM [/1i CHUXEeHUs
noTeHumana; 2. pasmepe CHWXeHUA; 3. 3Ha4yeHnenoTeHLnana nocne ycTaHOB/NEHUA paBHOBECHUSA.
B HECKONbKUX TUMWUYHBLIX 3KCMEpPUMEHTaxX, falowWwux npefcTaBneHne 0 BO3MOXHOCTAX MeToja,
nofiyyeHsl cregytowme pesynbraThbl:

1. CynepTtpoguyeckas Bofa BHyTpeHHero O3sepa (Tuxaub) npossnset 60/iee BbICOKYIO
pefyuMpyroLLY0 cnocobHOCTb, YeM Boga bBanaToHa, n eé cnocoO6GHOCTb NPOABNAAET 3HAYNTENbHbIE
Ce30HHbIE U3MEHEHMUS.

2. B TpocTHMKOBBLIX 3apocniax banatoHa pefyuupytowas crnocobHOCTb BOAbI M3 N0TU-
4eCKOM 30Hbl MeHbLUe, YeM CMOCOBGHOCTb BOAbLI OTKPbLITOW 4acTu 03epa.
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3. B o03epe BanaToH Boja He NposBNAeT BEPTUKaNbHOW M3MEHYMBOCTU NO CBOEW peay-
uupytoweii cnocobHocTu, Torga Kak Bo BHyTpeHHem O3epe (TuxaHb) CNOCOGHOCTb YBENMYUBA-
eTCs 0T MOBEPXHOCTU K AHY. STOT POCT NPSAMO COOTBETCTBYET KONMYECTBEHHOMY pacnpefeneHunio
o6Lero canpo@uUTHOr0O MMKPOMNNaHKTOHaA.

4. BnnaHve 6akTtepuno-, GuUTo- M 300NNaHKTOHA HapejuLuupytoLwas cnocobHOCTb BOAbI fBYX
YNOMSAHYTbIX 03€p PpasNnyHo.

5. TpocTHUKOBbIe ocafku BanaTtoHa Mo CBOel peAyuupyloLwein cnocobHoCcTU cTpaTudu-
LmpoBaHbl. HamBblLW el cNOCOBHOCTLIO 06/1aaeT caMblii BEPXHUIA, aKTUBHBIWA CNOW, cCoaepXalyunit
6onblue BCero 6akTepwuii.

6. Pegyuupytowas cnocbHOCTb MONOAOIO AeTpWTa MeHbLUe YeM 3penoro.

7. Pegyuupytowias cnocobHocTb ocafkoB o3epa banaTtoH 6onbwe B paspese M, uem
B paspese A.

8. MocpencTBOM M3MepeHNUa pefyuupytoweil CNOCOBHOCTA MOXHO TakXe nonyvaTb CBe-
[eHNs 06 MHTEHCUBHOCTM MWHEpanu3auMoHHbIX MPOLEecCoB.

9. Ecnu obpasel, AOTUTLWNIA COCTOAHMA paBHOBECWA B OTCYTCTBMe [OCTyna KWCNopoaa,
NOMEeCTUTb Ha CBET, ero OKWCAUTENbHO-BOCCTAHOBUTENbHbIA NOTEHLMan CABUraeTca K WCXOA-
HOMY 3HauyeHuio.
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