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Abstract

Biomass biodegradation under aerobic condition was investigated. The source of the biomass was potato samples. The
oxygen consumption and carbon dioxide rates were monitored over 24 hours, using a 2.5 L Oxymax ER-10 respirometric
chamber. The chamber with a representative sample of biomass was continuously aerated and the changes in the gas
concentrations were recorded (oxygen and carbon dioxide). The oxygen uptake is directly linked to the biological
activity of the microorganisms and the organic matter biodegradation. Microorganisms consume oxygen in order to
decay the easy-biodegradable substrate. The biomass degradation progress under the bio-chemical process under
oxidization conditions was described mathematically by linear regression. The fitting of calculated curves were checked
by determination coefficient R’.

Keywords: respiratory quotient, dynamics of biomass decomposition, microbial activity

Streszczenie

Przedmiotem badan byla respirometryczna metoda charakteryzowania biodegradacji biomasy w warunkach tlenowych.
Zrédlem biomasy byly préby ziemniakoéw. Zapotrzebowanie na tlen i produkcje dwutlenku wegla monitorowano przez 24
godziny w komorze respirometrycznej o pojemnosci 2,5 dm? aparatu Oxymax ER-10. Komorg testowq z reprezentatywngq
probkg biomasy napowietrzano w sposob ciggly i rejestrowano zmiany stezenia gazow (tlen i dwutlenek wegla). Pobor
tlenu jest bezposrednio zwigzany z biologiczng aktywnoscig mikroorganizmow i biodegradacjq materii organicznej. Mi-
kroorganizmy zuzywajq tlen w celu rozkladu tatwo biodegradowalnego substratu. Postep degradacji biomasy w proce-
sie biochemicznym w warunkach tlenowych opisano matematycznie metodq regresji liniowej. Dopasowanie obliczonych
krzywych sprawdzono za pomocq wspélczynnika determinacji R°.

Stowa kluczowe: wspotczynnik oddechowy, dynamika rozktadu biomasy, aktywnos¢ mikrobiologiczna

1. INTRODUCTION

Within the waste management technologies we can
find the biological method of treatment that occurs
when organic wastes are decayed by microorganisms
under aerobic conditions and transformed into a new
material like compost, which can be used as a healthy
component of the soil for its valorization. Biomass
degradation can be defined as aerobic when the
oxygen content exceeds 5% [1].

The composting process is based on the decom-
position of the organic matter by microorganisms
in the presence of oxygen and moisture and may be
expressed by the following equation [2]:
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1. WPROWADZENIE

Jedna z metod w gospodarowaniu odpadami jest
metoda biologicznego przetwarzania polegajaca na
rozktadzie odpadow przez mikroorganizmy w wa-
runkach tlenowych i przeksztatcaniu w nowy ma-
teriat. Produktem biologicznej przerdbki odpadéw
jest kompost, ktory moze by¢ wykorzystany do wa-
loryzacji gleby. Degradacje biomasy mozna okresli¢
jako tlenowa, gdy zawarto$¢ tlenu przekracza 5% [1].
Proces kompostowania odpadoéw opiera si¢ na roz-
ktadzie materii organicznej przez mikroorganizmy
w obecnosci tlenu oraz wilgoci, co opisuje nastgpuja-
ce robwnanie [2]:



®
ANALIZA WSPOECZYNNIKA ODDECHOWEGO RQ W PROCESIE ROZKEADU BIOMASY TECHNIKA LABORATORYINA ( ! nVIF®nment

biomass + O, — compost + CO, + H,O + heat (1)

The microorganisms uptake the oxygen from the
surroundings and break down the biomass into carbon
dioxide, water vapor and compost. The biomass
decomposition is based on numerous biological,
thermal and physio-chemical phenomena [3]. The
intense microbial activity leads to the mineralization
of about 40% of the initial organic matter. Meanwhile,
the residual organic matter becomes more and more
resistant to microbial biodegradation [4]. The amount
of CO, production and the O, uptake during the
incubation of the biomass can be used to evaluate
the microbiological activity and assess the degree
of organic matter stability [5, 6]. The respiratory
quotient (RQ) is the ratio:

RQ = CO 02 consumed (2)

where the term “eliminated” refers to carbon dioxide
removed from the organic material.

The microbial activity expressed as oxygen
consumption carried out in a short period of time
(1-4 days) could be taken as representing the
biodegradation of any biomass [7-10].

The degradation of organic content as a function of
composting period (time) follows first order kinetics
expressed as [11, 12]:

d(BVS)/dt =~k (BVS) 3)

2 eliminated

where:

BVS — is the quantity of biodegradable volatile
solids at any time of the composting process
expressed in kilograms; Volatile solids are those
solids that are lost on ignition of dry solids at
550°C.

t —is time in days,

k — is the rate constant of reaction proceeding according
to the first-order kinetics (days™).

Using the Eq. (3) and by substitution BVS = BVS
at t = 0, the concentration of organic matter at any
time in the compost matrix can be expressed as
follows [12]:

In=(BVS/BVS ) = -kt @)
by transforming the equation (4), we get the formula:
BVS loss = BVS (1 —¢e™) (5)

The dynamic of organic biomass decay can be traced
using respiratory quotient RQ. The use of the RQ
should be restricted only under aerobic conditions in
the biodegradable matrix [13]. The typical molar ratio
of the O, consumed by microorganisms and the CO,

biomasa + O, — kompost + CO, + H,O + ciepto (1)

Mikroorganizmy pobieraja tlen z otoczenia, roz-
ktadajac biomas¢ na dwutlenek wegla, pare wodna
i kompost. Rozktad biomasy oparty jest na wielu
zjawiskach biologicznych, termicznych i fizyko-
-chemicznych [3]. Intensywna aktywno$¢ mikro-
biologiczna prowadzi do mineralizacji okoto 40%
pierwotnej substancji organicznej. Tymczasem po-
zostala materia organiczna staje si¢ coraz bardziej
odporna na biodegradacje mikrobiologiczng [4].
Ilo$¢ produkowanego CO, i pobor O, podczas inku-
bacji biomasy mozna wykorzysta¢ do oceny aktyw-
no$ci mikrobiologicznej i oceny stopnia stabilno$ci
materii organicznej [5, 6]. Wspodtczynnik oddecho-
wy RQ jest stosunkiem:

RQ = CO 02 strawiony (2)

gdzie termin ,,usunigty’’ odnosi si¢ do ditlenku wegla
usunig¢tego z substancji organicznej.

Aktywnos¢ drobnoustrojow wyrazong jako zapotrze-
bowanie mikroorganizméw na tlen w krotkim czasie
(1-4 dni) mozna zastosowac jako wskaznik bio -rozkta-
du w reprezentatywnej probie dowolnej biomasy [7-10].

Rozktad substancji organicznej w trakcie kompo-
stowania (w jednostkach czasu) mozna przedstawic
za pomoca kinetyki reakcji pierwszego rzedu [ 11, 12]:

d(BVS)/dt=—k (BVS) 3)

2 usunigty

gdzie:

BVS — ilo$¢ biodegradowalnych lotnych cial statych
w dowolnej chwili procesu kompostowania wyrazona
w kilogramach; lotne ciafa state to ciata, ktore prze-
chodza w form¢ gazowa w czasie prazenia ciat statych
w temperaturze 550°C

t — czas wyrazony w dobach

k — stata szybkos¢ reakcji postepujaca zgodnie z kine-
tyka pierwszego rzedu (dni™").

Wykorzystujac réwnanie (3) i podstawiajac BVS =
BVS, w t = 0, stezenie substancji organicznej w do-
wolnym momencie w matrycy kompostowej mozna
wyrazi¢ nastepujaco [12]:

In=(BVS/BVS ) = -kt 4)
Przeksztatcajac rownanie (4), otrzymujemy wyrazenie:
BVS loss = BVS (1 —¢™) (5)

Dynamika rozktadu biomasy moze by¢ wyrazona
wspotczynnikiem oddechowym RQ. Zastosowanie
parametru RQ powinno by¢ ograniczone tylko do
warunkow tlenowych w matrycy biooksydacyjnej
[13]. Typowy stosunek molowy zuzytego O, oraz wy-
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produced by them during the biomass decomposition
is usually close to 1:1 [14]. Moreover, this ratio is
strongly dependent on the oxidation susceptibility of
the organic carbon in the biomass [15-17].

The value of RQ depends on what substances are
decayed, what the fuel source is being metabolized.
For simple sugars (glucose) the respiratory quotient is
1, but for example for saturated fats is 0.66.

Sometimes, the oxidation of some part of the
biomass is not related to the microbial respiration
and should not be compared with the O, uptake
[1, 18]. Therefore, the molar ratio CO,/O, assumed
as equal to 1 could be incorrect and lead to significant
errors carried out in the respirometric tests of any
biomass [14, 19]. For this reason, the RQ values are
not suitable for indicating the waste biodegradability
or the microbial activity of biomass of different
origins and chemical character [13, 20]. However,
for the biomass of the same type, this ratio should
be stable and repetitive, in accordance with the
stoichiometric factors describing the equation of
organic matter decomposition. This is the case in the
presented respirometric experiment, where potato is
used as a reference biomass.

The objectives of this study are the following: (1)
to measure the carbon dioxide production and the
oxygen uptake under the aerobic conditions during
the potato mass decomposition, (2) to establish the
optimal mass sample in the reactor chamber, (3)
to fit the mathematical model to the experimental
data.

2. MATERIAL AND METHODS

The research was conducted on the biomass
represented by the potato by undergoing decomposition
under aerobic conditions. The experiment allows
to evaluate the susceptibility of the biomass to
biodegradation due to microorganism activity. The
oxygen and carbon dioxide rates were monitored
over 24 hours, using the 2.5 L respirometric reactor
chamber of the Oxymax ER-10 apparatus.

The necessary conditions for the survival of the
aerobic microorganisms require a continuous oxygen
supply, which was pumped regularly into the reactor
chamber by the aeration system, to ensure a stable level
during the whole experiment. The testing chamber
was incubated at 20°C. The electronic system of the
Oxymax recorded both the oxygen uptake and the
carbon dioxide emissions during the experiment when
the potato biomass was undergoing decomposition. The
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tworzonego CO, podczas rozkladu biomasy wynosi
okoto 1:1 [14]. Jednakze stosunek molowy CO,/O,
zalezy istotnie od podatnosci wegla organicznego na
utlenianie w biomasie [15-17].

Wartos¢ RQ zalezy od tego, jakie substancje sg zro-
dlem energii dla mikroorganizméw. Dla cukrow pro-
stych (glukozy) wspotczynnik oddechowy wynosi 1,
ale na przyktad dla thuszczé6w nasyconych wynosi 0,66.

Niekiedy utlenianie cze$ci biomasy moze nie by¢
zwigzane z respirometrig mikrobiologiczna, a wow-
czas nie nalezy jej przyrownywaé do zapotrzebowa-
nia mikroorganizméw na tlen [ 1, 18]. Dlatego przyje-
cie stosunku molowego CO,/O, rownego 1 moze by¢
nieprawidlowe i prowadzi¢ do znaczacych bledow
w testach respirometrycznych dowolnej biomasy [ 14,
19]. Z tego powodu wskaznik RQ nie jest odpowiedni
do bezposredniego wskazania postgpu biodegradacji
odpadéw lub aktywnosci mikrobiologicznej bioma-
sy o réznym pochodzeniu i charakterze chemicznym
[13, 20]. Jednak w przypadku biomasy tego samego
typu stosunek molowy CO,/O, powinien by¢ stabilny
1 powtarzalny, zgodnie ze wspdtczynnikami stechio-
metrycznymi opisujacymi rownanie rozktadu materii
organicznej. Tak jest w prezentowanym eksperymen-
cie respirometrycznym, w ktorym ziemniak jest wy-
korzystywany jako biomasa referencyjna.

Celami niniejszej pracy sa: (1) pomiar produkcji di-
tlenku wegla i pobranego tlenu podczas biologicznego
rozktadu biomasy ziemniaka w warunkach tlenowych,
(2) ustalenie optymalnej wielkosci masy proby, (3)
ocena dopasowania modeli matematycznych do
danych eksperymentalnych.

2. MATERIALY | METODY

Przeprowadzono badania biomasy ziemniaka
w warunkach tlenowych. Eksperyment pozwolit oce-
ni¢ podatno$¢ biomasy na biodegradacje w wyniku
aktywnos$ci mikroorganizméw. Badania polegaly na
monitorowaniu zmian ilosci tlenu i ditlenku wegla
w czasie 24 hwkomorze badawczej o objetosci 2,5 dm?
respirometru Oxymax ER-10.

Niezbednym warunkiem dla przetrwania mikroor-
ganizmoéw tlenowych jest obecno$¢ tlenu. Podczas
eksperymentu system napowietrzania zapewnit re-
gularny przeplyw powietrza przez komore testowa.
Komorg testowg inkubowano w temperaturze 20°C.
Uktad elektroniczny Oxymax rejestrowat zaré6wno
pobdr tlenu, jak i produkcje ditlenku wegla w czasie
biologicznego rozkladu biomasy ziemniaka. Czas
eksperymentu ograniczono do 24 godzin, co jest
tozsame z badaniami publikowanymi przez Gomeza
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experiment was limited to 24 hours. It was comparable
to the procedures presented in the literature by Gomez
et al. [21] and the standard PN-EN 15590:2011 [22].
After putting the shredded potato into the testing
chamber, the cumulative amount of the oxygen uptake
and the carbon dioxide production were monitored in
equal time intervals, every 10 minutes.

An important element of the experiment was the
adjustment of the appropriate mass of potato, which
could have an impact on the test results. Therefore,
two independent series of tests were carried out in
the course of the study using a differentiated biomass
mass sample: series A — using 8 g mass samples and
series B — using 80 g mass samples. The correct
mass sample is important in terms of two aspects:
to prevent an oxygen deficit (too much amount of
biomass requires increased aeration supply) and
alternatively not to dry up the sample, which can
make the microorganisms inactive (too low amount
of the biomass versus the aeration supply).

Seven samples of each mass series were investigated
by testing the microbial activity measured by the
respirometric method. The preparation of the test
samples consisted of manually slicing the potato to a
particle size of approximately 10 mm, then the obtained
particles were sieved through a sieve of a mesh size of
10 mm. The potato moisture was tested by the drier
method [23]. The initial value of the moisture content
was 72%. The organic matter content was determined
by sintering the samples in a muffle furnace at 550°C
according to [24]. The organic matter content in the
test material was equal to 98%.

3. RESULTS AND DISCUSSION

After putting the biomass into the testing chamber,
the amounts of oxygen uptake and carbon dioxide
production were monitored at 10 minute intervals
(Fig. 1 to Fig. 4). The oxygen demand, recorded by
the measuring device system, varied from 2.6 to 6.2
mg O,/ g d.m. in series A, while carbon dioxide was
released in the amount from 8.8 to 11.7 mg CO,/
g d.m., as had been reported in Fig 1 and Fig 2. In
the series B, with 10 times greater mass sample, the
oxygen demand was ranged from 11.04 to 15.87 mg
O,/g d.m., while carbon dioxide was released in the
amount from 19.03 to 25.8 mg CO,/g d.m, as had been
reported in Fig 3 and Fig 4. The cumulated amount of
monitored gases were changed gradually during the
process and these changes were faster in series B than
in series A. The biodegradation processes in series B
were more effective than in series A.

i in. [21] oraz procedurami wg normy PN-EN
15590:2011 [22]. Po umieszczeniu rozdrobnionego
ziemniaka w komorze testowej, skumulowang ilo§¢
pobranego tlenu i wyprodukowanego dwutlenku
wegla monitorowano w réwnych odstepach czasu,
co 10 minut.

Waznym elementem eksperymentu bylo dobranie
odpowiedniej masy proby ziemniaka, co mogto miec
wptyw na wyniki badan. Zatem przeprowadzono dwie
niezalezne serie badan zréznicowane pod wzgledem
masy proby: seria A — z uzyciem prob ziemniaka
o0 masie 8 g i seria B — z uzyciem prob ziemniaka
o masie 80 g. Dobor masy proby jest istotny z uwa-
gi na dwa aspekty: zapobieganie deficytowi tlenu
w komorze testowej (zbyt duza ilo$¢ biomasy wy-
maga zwickszonego napowietrzania) i alternatywnie
— zapobieganie wysuszeniu proby, co moze dezak-
tywowac¢ mikroorganizmy (zbyt mata ilo$¢ biomasy
w stosunku do wydajnos$ci napowietrzania).

Zbadano aktywno$¢ mikrobiologiczng metoda
respirometryczng dla siedmiu prob w kazdej serii.
Przygotowanie prob biomasy polegato na rgcznym
rozdrobnieniu ziemniaka na czastki o wielkosci okoto
10 mm, ktére nastepnie przesiano na sicie o oczkach
10 mm. Wilgotnos¢ ziemniaka badano metodg su-
szarkow3a [23]. Poczatkowa zawarto$¢ wilgoci w bio-
masie ziemniaka wynosita 72%. Zawarto$¢ substan-
cji organicznych oznaczano przez wyprazenie probek
w piecu muflowym w temperaturze 550°C, co jest
zgodne z zapisami normy [24]. Zawarto$¢ substancji
organicznej w badanym materiale wynosita 98%.

3. WYNIKI | DYSKUSJA

Po umieszczeniu biomasy w komorze testo-
wej monitorowano ilo$¢ pobranego tlenu i wy-
produkowanego ditlenku wegla w 10-minutowych
interwatach (rys. 1+4). W serii A zapotrzebowanie
na tlen wahato si¢ od 2,6 do 6,2 mg O,/g s.m., pod-
czas gdy ilos¢ wyprodukowanego ditlenku wegla
wynosita od 8,8 do 11,7 mg CO,/g s.m. (rys. 1, 2).
W serii B, przy 10-krotnie wigkszej masie probki,
zapotrzebowanie na tlen miescito si¢ w zakresie od
11,04 do 15,87 mg O,/g s.m., podczas gdy produk-
cja ditlenku wegla wynosita od 19,03 do 25,8 mg
CO,/g s.m. (rys. 3, 4). Skumulowana ilos¢ monito-
rowanych gazdéw zmieniata si¢ stopniowo w trakcie
procesu, zmiany te byty bardziej dynamiczne w serii
B niz w serii A. Biorozktad w serii B byt bardziej
skuteczny niz w serii A.
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Fig. 1. Oxygen uptake during the biological biomass decomposition. The test results apply to series A
Rys. 1. Pobor tlenu podczas biologicznego rozkladu biomasy. Wyniki uzyskane w serii A

Fig. 2. Carbon dioxide production during the biological biomass decomposition. The test results apply to series A
Rys. 2. Produkcja ditlenku wegla podczas biologicznego rozktadu biomasy. Wyniki uzyskane w serii A

Table 1 presents the oxygen uptake and the carbon
dioxide produced of biomass decay in series A
(mass sample = 8 g) and B (mass sample = 80 g)
detected at 10 minute intervals over the whole 24 h
cycle of detection procedure. The average O, uptake
were 4.625 mg O,/g d.m. (series A) and 12.377 mg
O,/g d.m. (series B). The average CO, production
were 9.621 mg CO,/g d.m. (series A) and 21.115 mg
CO,/g d.m. (series B). Thus, the larger mass sample
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Tabela 1 przedstawia ilosci pobranego tlenu i wypro-
dukowanegoditlenkuwgglapodczasrozktadubiomasy
w serii A (masa proby = 8 g) i serii B (masa proby =
80 g), zarejestrowane w 10-minutowych interwatach
w 24-godzinnym cyklu eksperymentalnym. Sredni
poboér O, wynosit 4,625 mg O,/g s.m (seria A)
112,377 mg O,/g s.m (seria B). Srednia produkcja CO,
wyniosta 9,621 mg CO,/g s.m. (seria A) i 21,115 mg
CO,/g s.m. (seria B). Zatem wigksza masa proby
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Fig. 3. Oxygen uptake during the biological biomass decomposition. The test results apply to series B.
Rys. 3. Pobor tlenu podczas biologicznego rozkladu biomasy. Wyniki uzyskane w serii B.

Fig. 4. Carbon dioxide production during the biological biomass decomposition. The test results apply to series B
Rys. 4. Produkcja ditlenku wegla podczas biologicznego rozktadu biomasy. Wyniki uzyskane w serii B

resulted in increased microorganisms activity.
Additional information supporting the property of
mass selection of the sample was the level of moisture
loss during whole time of the experiment. For B series
of tests, the humidity after 24 hours was equal on
average level 70%, and for the test series A of potato
samples was about 65%. The results of the series A
study (Table 1) are characterized by the large scattering
of the values of the examined parameters, while in the

wplyneta na zwigkszenie aktywnos$ci biologicznej
mikroorganizmoéw. Dodatkowa informacjg wspieraja-
cg wlasciwo$¢ doboru masy proby byl poziom utraty
wilgoci podczas eksperymentu. Srednia wilgotnosé
ziemniaka po 24 godzinach dla prob w serii B wyno-
sita 70%, natomiast 65% dla prob w serii A. Wyniki
badan serii A (tab. 1) charakteryzuja si¢ duzym roz-
proszeniem warto$ci badanych cech, w przeciwien-
stwie do serii B.
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B series a much smaller dispersion of test results was
observed.

Carried out tests showed that better, more
reproducible and reliable results were obtained for a
larger reactor filling, ie 80 g mass the sample. Similar
results were obtained by the other researchers [25, 26].

Table 1 shows the calculated respiratory quotient
RQ values. The RQ value in Table 1 was expressed
not in mole ratio but in mass ratio. Assuming the ratio
of CO, to O, in moles, that is equal to 1:1 it should be
expressed in ratio of mass as 44/32,i.e. 1.37. The mean
RQ value for the B series, considered to be correct was
estimated at the level close to 1.7.

Based on the RQ values calculated for series A and
series B, the comparison of the test series proves, that
adjustment of mass in series B is a better variant. For
this series, the RQ value characterizing the ratio of
the carbon dioxide produced to the oxygen uptake
had been more stable, which confirmed the realistic
numbers resulting from the stoichiometry of the
chemical reaction of the biomass decomposition.

W przeprowadzonym eksperymencie wykazano,
ze lepsze, bardziej powtarzalne i wiarygodne wyniki
uzyskano dla wigkszej proby, tj. 80 g. Podobne wyni-
ki uzyskano w pracach innych autorow [25, 26].

Tabela 1 pokazuje obliczone warto$ci wspotczynni-
ka oddychania RQ. Parametr RQ w tabeli 1 wyrazono
nie w stosunkach molowych, lecz w stosunkach masy.
Zakladajac stosunek CO, do O, w molach rowny 1:1,
w stosunkach masy nalezy go wyrazi¢ jako 44/32, ;.
1,37. Srednia warto$é RQ dla serii B, uwazana za po-
prawna, zostata oszacowana na poziomie bliskim 1,7.

Warto$ci RQ obliczone dla serii A i serii B pokaza-
ly, ze dobdr masy w serii B jest lepszym wariantem.
W przypadku tej serii warto§¢ RQ byla bardziej sta-
bilna, a jej warto$¢ potwierdzajg realistyczne liczby
wynikajace ze stechiometrii reakcji chemicznej roz-
ktadu biomasy.

Table 1. The cumulated amount of consumed and produced gases during the 24 h decomposition of biomass in series A

and B
Tabela 1. Skumulowana ilos¢ pobranych i wyprodukowanych gazow podczas 24 h rozkladu biomasy dla serii A i B
e | ke | anOpntucin | % | boumse | unptcion | "9
Unit [mg0,/gd.m] [mg(0,/gdm,] [mg0,/gd.m.] [mg(0,/gdm,] -
Sample No A series (mass sample =8 g) B series (mass sample =80 g)
1 2.660 8.815 331 11.264 19.303 1.71
2 4.975 10.011 2.01 12.324 21.067 1.70
3 6.222 11.726 1.89 11.037 19.034 1.72
4 1.464 8.926 6.10 11.490 19.324 1.68
5 6.128 9.360 1.53 13.044 22.560 1.72
6 5411 8.847 1.63 11.615 20.752 1.78
7 5512 9.659 1.75 15.866 25.769 1.62
A** 4.625 9.621 2.60 12.377 21.115 1.70
SD* 1.834 1.032 1.65 1.684 2.405 0.05

*- standard deviation calculated
**- average (mean) from 7 experiments

The observed differences in the results (Table 1) in
series A and B due to the level of standard deviation
for RQ was the basis for deciding on the further
mathematical linear modeling process as was used by
Scagalia et al. [27]. B series was chosen because the
values RQ in this series definitely had been stabilized
for subsequent trials. The standard deviation of the
RQ in series B is equal to 0.05, which confirmed the
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Zaobserwowane roznice w wynikach poziomu od-
chylenia standardowego dla wskaznika RQ w serii
A1 B (tab. 1) stanowity podstawe do podjecia decy-
zji o dalszym matematycznym procesie modelowania
liniowego, jaki zastosowano rowniez w pracy Scaga-
lia i in. [27]. Wybrano seri¢ B, poniewaz wartos¢ RQ
byta bardziej stabilna w kolejnych probach. W serii
B odchylenie standardowe dla wartosci RQ wynosi
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repeatability of the experiment carried out on a larger
mass sample. Calculated RQ data by t Student test
were provided to determine the significance level p
value (probability). The calculated p value level was
0.1, what means that the data varies with a probability
of 10%. Thus, it means that differences obtained in
RQ value are expressed by 90% probability and are
not accidental. The linear models calculated for the
curves presented in Figures 3, 4 are summarized in
Table 2. The determination coefficients were close to
value 1, which led to the conclusion, that calculated
regression  properly describes microorganisms
activity.

0,05, co potwierdzito powtarzalno$¢ eksperymentu
przeprowadzonego na probie o wigkszej masie. Dla
wartosci RQ przeprowadzono test t-Studenta w celu
okreslenia poziomu istotnosci p. Obliczony poziom
istotnosci p wynosit 0,1, co oznacza, ze dane zmie-
niaja si¢ z prawdopodobienstwem 10%. Oznacza to,
ze roznice uzyskane w wartosci RQ sa wyrazone jako
90% prawdopodobienstwa i nie sg przypadkowe. W
tabeli 2 zestawiono modele liniowe obliczone dla
krzywych przedstawionych na rysunkach 3, 4. Wspo6t-
czynniki determinacji R? byly bliskie warto$ci 1,
co prowadzi do wniosku, ze obliczona regresja prawi-
dtowo opisuje aktywnos¢ mikrobiologiczna.

Table 2. The linear models calculated for the O, uptake and the CO, production during the 24 h experiment: series B
Tabela 2. Modele liniowe obliczone dla ubytku O, i produkcji CO, podczas 24 h eksperymentu: seria B

Linear models
Sample No Oxygen uptake Carbon dioxide production
Model* Model** R
1 y=-0.0618915627x + 0.4178445502 0.9967 y=0.1065108553x — 1.0245556697 0.9971
2 y=-0.0678939102x + 0.5301950159 0.9966 y=0.1158487162x — 1.1214361209 0.9967
3 y=-0.061476583x + 0.7752279713 0.9977 y=10.1037481289x — 1.0410479912 0.9974
4 y=-0.062863037x + 0.4313468893 0.9976 y=10.1062599888x — 1.0113427385 0.9970
5 y=-0.0744015909x + 1.0695395847 0.9952 y=10.125669348x — 13930888695 0.9954
6 y=-0.0621111044x + 0.3062022247 0.9989 y=10.1098672758x — 0.6107144596 0.9989
7 y=-0.0735851212x + 2.0505889164 0.8980 y=0.1227962901x — 3.4645282055 0.9063

R?- determination coefficient

*- regression models calculated for the data presented in Figure 3, where: x - is time, y - is oxygen uptake
**- regression models calculated for the data presented in Figure 4, where: x - is time, y - is carbon dioxide production

4. CONCLUSIONS.

Therespirationexperiment ina2.5 Lreactor chamber
was made to observe the microorganism activity
during potato biomass degradation under aerobic
conditions. The O, uptake by the microorganisms and
the CO, emitted were monitored. It was shown, that
an important part of the experimental procedure is
the correct adjustment of the mass sample put in the
reactor chamber. For this reason, two independent
series of tests were carried out in the course of
the study using a differentiated mass sample
characterized by tenfold difference: series A — using
8 g mass samples and batch B — using 80 g mass
samples. The appropriate amount of biomass was
determined by calculating RQ value in the repeated
respirometric measurements. It was shown that the
microbial activity of the A-Series was disturbed due

4. WNIOSKI

Przeprowadzony eksperyment respirometryczny
w reaktorze o objetosci 2,5 dm? miat na celu ob-
serwacje aktywnosci mikroorganizméw w czasie
degradacji biomasy w warunkach tlenowych. Re-
jestrowano pobér O, przez mikroorganizmy oraz
produkcje CO,. Wykazano, ze waznym elementem
eksperymentu jest dobdr optymalnej masy proby
badawczej stanowigcej wsad do reaktora. W tym
celu przeprowadzono dwie niezalezne serie testow,
stosujac zréznicowane masy prob, charakteryzu-
jace si¢ dziesigciokrotng roznicg: seria A — z uzy-
ciem préb o masie 8 g oraz seria B — z uzyciem
prob o masie 80 g. Ustalenie korzystniejszej ilosci
biomasy w eksperymencie polegato na obliczeniu
stosunku ilo$ci wyprodukowanego ditlenku wegla do
ilo$ci poboru tlenu w powtarzanych pomiarach respi-
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to the excessive drying (a too low mass in the testing
chamber). In this way it was established, that a better
variant in carried out experiment is variant B with the
testing of 80 mg mass samples.

Linear modelling was used to calculate the
equations describing the changes in the gas
composition in the testing chamber in the time under
biomass decomposition. Fourteen linear equations
were obtained basing on the experimental results in
series B. The accuracy of the mathematical linear
models to the experimental data were checked by the
determination coefficient R2. The obtained results of
R? were > 0.99 in twelve equations, indicating a very
high fitting of the linear models to the experiment
data for series B. Two results of R? were about 0.9
which also confirms the usefulness of the linear
modeling in the short time experiment for the purpose
the assessing microbial activity.
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