] DE GRUYTER
OPEN

G CIVIL AND ENVIRONMENTAL ENGINEERING REPORTS

ISSN 2080-5187 CEER 2014, 14 (3): 49-62
DOI: 10.1515/ceer-2014-0025

EVALUATION OF BIOLOGICAL ACTIVITY
OF CELLULOSE PULP BY MEANSOF THE STATIC
RESPIRATION INDEX (AT,)

Sylwia MYSZOGRAJ}!, Katarzyna KOZLOWSKA Agata KROCHMAL
! University of Zielona Gordnstitute of Environmental Engineering, Poland
2Waste Disposal Plant, Gorzéw Wikp, Poland
3 Center of biomass standardisation, Stanowice, Bolan

Abstract

In the countries of the European Union, work issprgly being conducted on the
standardisation of the limit values and test methéar the determination of the
biological activity of waste. The aim of conductinge tests is to monitor the
effectiveness of waste biodegradation during coitnpgsthe evaluate any decrease in
the biological activity of the waste before its déiling and control processes taking
place at landfills. The evaluation of the wastefgldgical activity can be performed,
among others, by testing respiration. One such odeith AT, (Static Respiration Index)
determination. The results of respirometric tegpict the availability of substrates for
microorganisms, that is, the biodegradability.

The article describes the tests of the biologicéiviay of the cellulose pulp, the impact
of the degree of compost inoculation on the valuthis parameter and the dependence
on the content of organic mass and total organibarain the tested substrate. The
measurements of the oxygen demand were made tmmQxiTop® Control measuring
system.
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1. INTRODUCTION

In order to assess the degree of biological stattitin of waste in Poland, the
determination of TOC, losses on ignition and regn activity (AT;) (Journal
of Laws from2012 No. 0, item 1052) are used [18}abilised material may be
landfilled at waste landfills, if it meets one bEtfollowing criteria:

- losses on ignition < 35 % of dry mass,

- TOC content < 20% of dry mass,

- loss of organic matter in the stabilised matenmkélation to the organic
matter in the waste, measured by the loss on ggnitir TOC content: >
40%,

- AT, content < 10 mg &g of d.m.

Assessment of waste biodegradability may also bd tmr the purposes of:

- monitoring the effectiveness of the biodegradafioocess in the production
of high quality compost from separately collectedjamic fractions of
biodegradable municipal waste or other biodegradallste,

- assessment of the reduction in the biological #gtiof solid waste
stabilised in aerobic and anaerobic conditions,

- monitoring the impact of aeration of landfilled we@®n the reclamation of
old landfills [2, 5].

As a result of biological waste treatment, the oigdraction, being subject to
biodegradation, becomes decomposed, partly migsedli and partly
transformed into a new organic substance charaeterby a higher stability,
which may also be determined as the loss on igniticthe TOC content. Thus,
the difference between the determined losses oitidgnor TOC content in
waste before subjecting it to biological processesl stabilised material after
the process of biological treatment, presents dbad toss of organic substance
as a result of mineralisation, and its specificelemay constitute grounds on
which to claim that the stabilised material no lengontains biodegradable
fractions with gas-producing potential [9].

The indicators for the assessment of the effecéigerof aerobic and anaerobic
processes, that is biochemical tests, help to mhaterthe loss of the capacity of
the waste to further decompose biologically duthmese processes [11].

The methods of biodegradation assessment compnimgbation of organic
waste in the presence of microorganisms, whichtheserganic substance as the
substrate for their growth. The method of determidmaof the respiration
activity serves the purpose of assessment of thidical reactivity or the
degree of maturity of the stabilised materials (posts) in the aerobic
conditions. It determines the quantity of oxygerdiby microorganisms during
a specific time under laboratory conditions. Usthgs method, the oxygen
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demand may be specified by the measurement of tlaatidy of consumed
oxygen or produced carbon dioxide and is expressgdO./kg of dry mass of

waste.

The aerobic tests may be divided into three mapegy These are methods
which specify the static respiration indices (eSRI), dynamic respiration
indices (e.g. DRI) and the speed of oxygen uptale (e.g. SOUR) [1, 3]. Table
1 presents selected tests conducted under aeraditions [4]. At present, the
respiration indices are regarded as the basic maeasnwhich serve the purpose

of assessment of the compost stability, includiagjuality.

Table 1 Waste biodegradation assessment tests aeddun aerobic conditions

environmental conditions .
method | test| temperature size of sample_ evaluation of i
time | humidity preparation results unit
°C sample
ASTM | D 58 4d 50% | 500¢ n.d.a. compost | 4 4.
stability
SOUR 30 5-6h|suspension 3-8 g n.d.a. n.d.a. n.d.a.
. ) compost gOs/hig
OD20 30 20h |suspension 3-8 g compost stability d.m
DSOUR| S 30 20n | WhoUt | 584 | <95mm n.d.a. n.d.a.
correction
DRI D enwrorjmenta 24h 750 g/kg n.d.a. n.d.a. n.d.a. n.d.a|
conditions
environmenta without compost
RDRI D conditions 53h correction 20-40 kg 50 mm stability mgOy/kg/h
PDRI D enwrorjmenta 53h W|thoqt n.d.a. n.d.a n.d.a. mg®g/h
conditions correction
environmental
SRI S conditions 24h 750 g/kg n.d.a. n.d.a. n.d.a. mt@/h
4h to fill the removal of compost scale
Solvita S 20-25 (+48 | saturation stones P
vessel stability 1-8
h) and others
BMW performance
0, -
DRy D 37 4d 5m(;£ 2050rﬁ5t are not monitoring | mgOu/kg
gs.m. removed MBT
environmenta 40-50% BMW compost
Rir S conditions 4h m/m 250 mi crushing stability mg0;/g/h
sieving compost
Rls7 S 37 18h n.d.a. 250 ml <10 mm stability mgQy/g/h
ATq S 20 4q | Sauration 30-409| 55 biological mgCx/g d.m
40-50% S=
activity,
saturation| 30-40 subject to
AT; | s 20 7d | o500t 91 <20mm | landfiling gCygd.m
0 regulations

S — static method, D- dynamic method, d.m. - drgsnpa.d.a. — no data available, BMW- Biodegradable
Municipal WasteMBT - Mechanical-Biological Treatment

In aerobic conditions, biodegradable substancessalgect to decomposition
into carbon dioxide, water and organic salts, dreldnergy is retained in the

Brought to you by | University of Zielona Goéra Library

Authenticated

Download Date | 1/11/17 11:24 AM



52 Sylwia MYSZOGRA]J, Katarzyna KOZEOWSKA, Agata KROCHMAL

form of ATP (dissimulatory metabolism) [7]. The ardc substances are
processed into biomasss@O,N), whereby ATP is used again as the source of
energy (catalytic metabolism). Both types of melizbo are bound by NADP
which supplies or takes up electrons (bonded hyhpgif needed. The
consequence of the “divided” metabolism is thatyquart (usually from 40 to
60%) of the calculated theoretical oxygen deman®OY is used in the
decomposition of a specific amount of substrate [7]

The amount of used oxygen may be specified manaraltyr based on the
measurement of the carbon dioxide produced duhiadtodegradation process.
The carbon dioxide is bonded by the absorbent a@egt sodium hydroxide,
caustic soda solution, soda lime or potassium hyde) and does not appear in
the form of free gas:

CO, + 2NaOH - Na,CO, +H,0 (1.1)

As a consequence, the change in pressure is adsigny to oxygen

consumption. In order to be able to measure thgexyonsumption by means

of a manometer, the following conditions must bifilfed:

- a biologically active sample must be placed in aseé which is
impermeable to gas,

- a sufficiently large air space must be maintainkedva the sample, which
will ensure the unlimited access of oxygen to tleelbégradation processes,

- the measuring vessel must contain the agent tisatrlad carbon dioxide, but
the sample may not come into contact with the agent

Based on equation 1, it is possible to calculagestioichiometric amount of the
absorbent agent, which must be inside the reasissel, needed for covering
the whole measuring range. An excessively smalluennof the absorbent agent
leads to an underestimation of results. If the @arbioxide was absorbed too
slowly and the free CQcollected over the waste sample, the change sspre
will not be proportionate to oxygen consumption.

In reference to the correct assessment of theolodse capacity of the waste for
further biodegradation, in Germany, Austria andaRd| Static respiration test
(AT,) was considered the most appropriate parameter.

AT, is a parameter that determines the demand forewxygcessary for the
decomposition of waste within four days. Table @sants the value of ATor
the selected components of municipal waste [3].

Brought to you by | University of Zielona Goéra Library
Authenticated
Download Date | 1/11/17 11:24 AM



EVALUATION OF BIOLOGICAL ACTIVITY OF CELLULOSE PULP BY MEANS 53
OF THE STATIC RESPIRATION INDEX (AT4)

Table 2. AT, index values for the selected components of mpaiciaste

Component of municipal waste AT, (gO/kg d.m.)
cellulose 84.9
newspapers 76.6
corrugated paper 12.5
grass 119.0
twigs 57.1
plants 137.0
meat 150.0
cotton 12.9
wool 17.0
disposable nappies 86.1
compost 26.3

Not only does the AfJindex depict the loss of the total mass organittenas
a result of mineralisation processes, but alsoaedse in the capacity of the
organic matter to further decompose in the aerplocess.

The article describes the analysis of the bioldgésivity of cellulose pulp,
using the AT, respiration test, the impact of the degree of amshfnoculation
on the value of this parameter and its dependencth® content of organic
matter and TOC in the tested substrate.

2. METHODOLOGY AND SCOPE OF STUDIES

The waste from paper production (cellulose pulpotpil) delivered to the
Waste Disposal Plant in Gorzéw Wlkp. from Arcticpea Kostrzyn S.A. where
uncoated graphic paper is produced, was used ifitilegical activity tests.
The raw materials used for the production of th@epainclude: cellulose,
calcium carbonate, water, starch and chemical agé&he annual throughput of
the paper production plant is approximately 260,@0Mes.

Municipal compost from the mechanical-biologicaleatment plant for
municipal solid waste and from the separately ctdleé green waste and
biowaste treatment plant (composting plant) in Gtikd(photo 1) were used to
inoculate the samples of cellulose pulp. The mpaiciwaste treatment
technology covers the division of the stream of imipal waste into organic
waste, raw material waste, waste with energy ptmseras well as separation of
the hazardous waste fraction and ballast. It alkava the composting of the
biofraction, compost purification as well as treatrh and conditioning of
secondary raw materials. The first fraction sepatait the plant is the so called
subscreen fraction with a diameter of 20 mm, whiktused as the transfer
material at the landfill. The remaining part of tlwaste is divided into organic
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fraction, also called biofraction, and oversizecfien (>80 mm). The bio-

fraction is cleansed from minor elements such &stigs, glass and batteries,
and then it is directed to the composting hall tbge with the contaminated
waste cardboard. The obtained organic matter igestdnl to composting by

means of piles aerated for a period ranging frota 82 weeks (depending on
the season of the year). The finished compost éanded on the compost
purification line which consists of a drum screéallistic table, cyclone and

belt conveyor system. The treated compost reachesfihished compost

warehouse, where it is stored for a period of ledtins.

Photo 1. Test substrates: cellulose pulp and compos

The biological activity of the cellulose pulp wasadysed using the Altest. In
order to carry out the respirometric test, a seluting the OxiTop® OC 110
controller and MG 2.5 measuring vessels was uséd OxiTop apparatus
consists of reaction vessels, adapters with fixdlegnps and measuring heads.
The stabilised material samples are placed in i@agessels, which are closed
tightly using an adapter with a measuring headdfi@atside which contains an
electronic vacuum pressure sensor. Inside eaclelydbgre is an attachment
secured to the adapter, on which the,@@sorbent (photo 2) is placed. The
measurement was performed at a temperature of°@0#dr samples with a
humidity ranging from 40 to 50%.
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- Despite the fact that the ATparameter presents the 4-day demand for
oxygen by microorganisms, the test itself must beried out longer —
typically for 7 days. This is related to the potahbccurrence of the so
called lag-phase during the test. 4 phases of migemism development can
be distinguished [8]:

- Phase 1 - Primary inhibition phase, also called rsting or adaptation
phase. It occurs during the transfer of the baalterdlony into a new
environment and during changes in the environmettalditions (as, for
instance, at sample defrosting).

- Phase 2 - Intensive development phase, also ctlkedbgarithmic growth
phase. The cells divide intensively, taking advgetaf the favourable
conditions.

- Phase 3 - Equilibrium (stationary) phase, in wheghilibrium is established
between the newly formed cells and the dead cEfis.quantity of available
nutrients is limited then by the number of cells.

- Phase 4 - Death (decline) phase. This occurs wieesdurces of nutrients
begin to deplete and/or the concentration of meisnoproducts increases
to a level which is harmful to the bacteria themessl

During the AT, measurement, the impact of the first phase antighe second
phase, when the amount of microorganisms is todl smaccomplish the full
“metabolic efficiency”, is responsible for the lpgase. An assumption has been
made that the lag-phase ends when the mean oxygmandl after 3 hours
reaches 25% of the 3-hour mean values, occurrirteatime of a maximum
increase in the oxygen demand, determined foriteefbur days. The oxygen
mass used during the lag-phase is deducted fronoxiigen mass taken up
during the whole test (lag-phase + 4 days). Thegemymass from the lag-phase
may not exceed 210% of its total demand durinditse4 days.

During the studies, respirometric tests with vasidegrees of inoculation of the
cellulose pulp with compost (40, 60, 70, 80, 90%of mass per sample) and
tests for the compost (control tests) were perfokni@vo repetitions per each
sample were made.

ol
S

Photo. 3 Selected cellulose pulp (P) samples iabedlwith compost (K)
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AT, humidity, total nitrogen, total phosphorus, lassm ignition and TOC
were determined in the studied waste.

Upon determination of the primary moisture at ttegye of sample preparation,
before the analysis itself, the sample was moisteaecordingly. The
appropriate moistening of the sample has a signifiémpact on the obtained
results. An excessively small quantity of water slagot ensure optimal
conditions for the development of microorganismpracess the given material.
An excessive water content, on the other hand,esatise pores inside the
studied material to become clogged which prevdrasatr from free circulation.
The basis for calculations of the Aparameter is the ideal gas law. It follows
from the general gas equation that each pressarggehis related to a change in
the quantity of substance at the constant vesseieand constant temperature

[6]:
Ap=AnR T V™ (2.1)

where:

An — pressure difference

R' — gas constant for G normal conditions
T — temperature

V — volume of the measuring vessel

The quantity of substance is a result of the m/Mtigut, therefore, the equation
takes the following form [6]:

Ap=AMR T VM (2.2)

where:
Mg — molar mass of substance.

Equations 2.1 and 2.2 present the correlation letviee pressure change and
the oxygen consumption.

During measurement, the test vessel should bedddata place characterised
by a constant temperature. Changes in the temperd¢ad to changes in
pressure, which gives incorrect the measurementgyafen consumption. At an
initial pressure equal to 1000 hPa and temperatug®°C (293 K), an increase
in temperature by 1°C causes an increase in peegsul003 hPa. With the
measuring system sensitivity equal to 1 hPa, theama an error which cannot
be ignored.

The biological activity (respiration) of waste sdagphas been calculated on the
basis of the following equation:
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\Y
3 [p (2.3)
mB[

AT4 = M R (02)
R

where:

AT4 - biological activity of a sample (g.Bg of dry mass),

M, (O,) - molar mass of oxygen: 32000 (mg/mol),

Vy - free gas volume (

R - general gas constant: 83.14 fdnPa: (K- molf),

T - measurement temperature (K),

mg; - dry mass of substrates in a sample (kg of drysna

Ap - pressure drop during measurement (hPa).

The free gas volume is calculated from the diffeeerbetween all the
components present in the reaction vessel andothé tolume. The free gas
volume has been calculated in accordance withathesfing formula:

Vfr = Vges - VAG _VAM _VBf (24)

where:

Vy, - free gas volume,

Vges- total volume of substrate space in the measwésgel closed with a cover
(without the sample, without the absorption agesthout the absorbent agent),
Ve - Volume of the vessel for the absorption agent,

Vam - Volume of the absorption agent,

Vg - volume of the wet sample.

The dry mass of the studied substrate was calcubateording to the following
formula:

TS
mg, =mg, —— )
o =My o (2.5)
where:
mg; - Mmass of dry substrate (kg),
mgs - mass of wet substrate (kg)
TS - content of dry mass in a sample (%).

3. RESULTSOF STUDIES AND DISCUSSION

Before preparation of the samples for the, ASpiration test, the cellulose pulp
and compost were subjected to tests. The resulisest tests have been listed
in table 3. The cellulose pulp was characterised hyjgh percentage of organic
matter (96.2%) and pH= 8.55. A smaller percentdgerganic matter was found
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in compost (34%), while the content of total nittagand total phosphorus was
significantly higher.

Table 3. Physical and chemical characteristicsyafy@sed substrates

substrates pH m(ilr'[}'cler organic matter Not. Prot. TOC
- % d.m.

compost 6.98 85.00 33.90 0.86 0.196 | 12.6

cellulose pulp 8.55 39.30 96.20 0.1 0.013 | 43.4

The characteristics of the chemical compositiontlté cellulose pulp and
compost mixtures, with inoculation degrees amowgntim 40, 60, 70, 80 and
90% (in relation to the dry mass of waste in a dajnipave been presented in
table 4. The pH value measured in the obtainedumastranged from 7.65 to
7.82.

The proper course of the biodegradation is detexchilby an adequate
percentage of organic carbon and nitrogen in thestsates. In the prepared
mixtures, as the share of cellulose pulp in theptanncreased, the content of
organic carbon also increased and the content wil tutrogen and total
phosphorus decreased. This affected the chandgpe i@:N quotient in the range
between 20:1 and 76:1, and C:P quotient in theadmgween 523:1 and 259:1.
It is assumed that the optimal percentage of cadmahnitrogen for running the
process of the aerobic degradation of organic anbsts contained in waste is
expressed by the C:N quotient with a value of aftut 35 and C:P quotient
with a value of about 100. Therefore, an assumpii@y be made that the
proper conditions for running the biochemical degtaon of organic
substances, taking into account the content ofricgzarbon and total nitrogen,
were obtained in samples where the percentagdlofase pulp amounted to 20
and 30% respectively. By subjecting the conterghaisphorus in the samples to
analysis, values which differed significantly frothe optimal ranges were
obtained.

Table 4. Chemical composition of mixtures: cell@galp + compost
organic
matter

TOC | Nio |C:N| Prot | C:P

% d.m.
40.13 15.68 | 0.79 20 | 0.03| 523
46.36 18.76 | 0.71] 26 | 0.05| 375
52.59 21.84 | 0.64{ 34 | 0.07| 312
58.82 24.92 | 0.56| 45 | 0.09| 277

71.28 31.08| 0.41 76 | 0.12| 259

mixtures

cellulose pulp 10% + compost 909
cellulose pulp 20% + compost 809
cellulose pulp 30% + compost 709
cellulose pulp 40% + compost 609
cellulose pulp 60% + compost 409

oo o o o
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Table 5 lists the values of the Aparameters obtained for the studied samples
and the respiration index calculated for the ce#ial pulp after taking into
consideration (deducing) the respiration activity compost. The AT
determined in the compost control sample amourtdd tgQ/kg d. m.

Table 5 Value of the Afparameter in the studied samples

The respiration index Afcalculated for|
Mixtures AT, the _ceIIuI(_)se pulp afte_r taklng mtg
consideration the respiration activity
of compost
average value [g&kg d.m.]
compost 14.0 -
cellulose pulp 10% + compost 90%20.6 64.6
cellulose pulp 20% + compost 80%22.9 58.5
cellulose pulp 30% + compost 70%22.2 42.4
cellulose pulp 40% + compost 60%22.9 36.5
cellulose pulp 60% + compost 40%23.7 30.2

The value of the AFparameter in the samples changed in a range be@@6n
and 23.7 g@kg d.m.As the degree of the inoculation of the sampled wit
compost decreased, the calculated, Aflthe cellulose pulp decreased from 64.6
to 30.2 g@/kg d.m. after taking into consideration the regan activity of the
compost. The difference between the extreme vaonesunts to 113%. It may
be presumed that the unfavourable share of nitragerphosphorus compounds
and the increasing content of persistent carborthen samples (cellulose)
influenced the decreasing activity of microorgargsmhich resulted in the low
intensity of respiration (fig. 1).
70

® 10%P 20%P
60 °
BOf - e
A e
LTI e i e L - —— -
20 -
10 1
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘

35 40 45 50 55 60 65 70 75
organic matter, % d.m.

AT4, gQkg d.m.

Fi

0. 1 The relationship of the Aparameter and the percentage of organic matter
(cellulose pulp) in samples
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4. SUMMARY AND CONCLUSIONS

The quantity of waste produced in Poland is cortstagrowing, and the main
method of its treatment is still landfilling. In der to fulfil the obligations
resulting from membership in the European Unionjsitnecessary to take
practical actions to limit the quantity of wastepdsited at landfill sites. This
requires rational waste management and propermntezat Waste treatment
should have a positive impact on the environmeateation and the generated
products must be safe for the environment.

During the studies of the respiration activity bé tcellulose pulp, the following

conclusions have been drawn:

1. The conditions for performing the test, such as@h&:P quotient and the
degree of compost inoculation are of crucial imaoce for obtaining
reliable results;

2. During the conducted studies, the approximatelynegdt conditions were
obtained for tests in the samples with a degremofpost inoculation of 20
and 30% respectively: C:N - from 26:1 to 34:1;

3. In the compost control sample, the determined; Was 14 g@kg d.m.,
which proves the sufficient activity of microorgamis for the initiation of
the mineralization of the organic carbon includedhe analysed cellulose
pulp;

4. For the cellulose pulp, depending on the degrethefinoculation of the
samples with compost, the values of the,A@irameter were obtained in a
broad range, that is, between 64.6 and 302kgQ@.m.;

5. It may be presumed that those factors which limited speed of the
biochemical processes in the samples with a caslujoulp content above
30% included an unfavourable share of nitrogenm@rasphorus compounds
and an insufficient population of microorganisms.

Data obtained from literature indicate that ther@ao single method which may

be used at the same time to monitor the processlet®imine the stability of

the compost sample. Despite the routine performariceespirometric tests,
further studies aimed at better understanding @fwthste biological activity are
necessary.
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© ©

OCENA AKTYWNOSCI BIOLOGICZNEJ PULPY CELULOZOWEJ
TESTEM RESPIRACYJINYM AT,

Streszczenie

W krajach UE prowadzoney ©becnie prace nad ujednoliceniem wégtaranicznych
oraz metod testowych oznaczania aktysanbiologicznej odpadéw. Celem prowadzenia
testébw jest monitoring efektywdo biologicznego rozkladu odpadéw podczas
kompostowania, ocena zmniejszenia aktysenobiologicznej odpadéw przed ich
skladowaniem, kontrola proceséw zachgmyrh na sktadowiskach. Ocgmaktywnaci
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biologicznej odpaddéw nmima przeprowadzi m.in. poprzez badanie respiracji. Jgdn
takich metod jest oznaczenie ATA4Stétic Respiration Indgx Wyniki bada
respirometrycznych obrazyj dostpnas¢ substratow dla mikroorganizméw, czyli
podatné¢ na biodegradagj

W artykule opisano badania aktywo biologicznej pulpy celulozowej testem AT
wplyw stopnia zaczepienia kompostem na wdrttego parametru oraz zates¢ od
zawartd@ci masy organicznej i OWO w badanym substracie. iRgiw zapotrzebowania
na tlen dokonano przy pomocy systemu pomiarowegddp® Control.

Stowa kluczowe: pulpa celulozowaktywna¢ mikrobiologiczna, AT, metodyka
oznaczania
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