Pre-print of: Gea, T. et al. “Optimal bulking agent particle size and usage for heat
retention and disinfection in domestic wastewater sludge composting” in Waste
management (Ed. Elsevier), vol. 27, issue 9 (2007), p. 1108-1116. The final version
is available at DOI 10.1016/j.wasman.2006.07.005

OPTIMAL BULKING AGENT PARTICLE SIZE AND USAGE FOR
HEAT RETENTION AND DISINFECTION IN DOMESTIC

WASTEWATER SLUDGE COMPOSTING

Teresa Gea, Raquel Barrena, Adriana Artola andriii@anchez*

Composting Research Group
Departament Enginyeria Quimica
Escola Técnica Superior d’Enginyeria
Universitat Autonoma de Barcelona

08913-Bellaterra (Barcelona), Spain.

* Corresponding author: Antoni Sanchez
Phone: 34-93-5811019
Fax: 34-93-5812013

E-mail address: antoni.sanchez@uab.cat


0001292
Cuadro de texto
Pre-print of: Gea, T. et al. “Optimal bulking agent particle size and usage for heat retention and disinfection in domestic wastewater sludge composting” in Waste management (Ed. Elsevier), vol. 27, issue 9 (2007), p. 1108-1116. The final version is available at DOI 10.1016/j.wasman.2006.07.005



Abstract

Composting of two types of sludge produced in waater treatment plants, raw
sludge (RS) and anaerobically digested sludge (AB& been systematically studied by
means of the experimental design technique. Thdtsesave been analyzed using a full
factorial experimental design in order to deterntime optimal conditions for composting
such sludges in terms of bulking agent particle sind bulking agent:sludge volumetric
ratio, two of the key parameters to ensure an @tiperformance of the composting
process. The objective function selected was a labeal death kinetics ofalmonella,
which was chosen as a model pathogen microorgatuisiepresent the disinfection of the
material. For both types of sludge, optimal valuvese found at 5 mm bulking agent
particle size and 1:1 bulking agent:sludge volumeatitio when a Gaussian function was
fitted to the experimental data. Pilot scale experits using optimal values obtained were
successfully undertaken and confirmed a full desitibn of the sludge by means of the
composting process. A mathematical model to simulla¢ disinfection performance of a
composting material is presented. The model caafgmdied to simulate the disinfection

performance of a given pathogen.

Keywords: Anaerobically Digested Sludge, Composting, Disititeg Experimental

Design, Optimization, Raw Sludg&lmonella, Simulation.



Notation

a: Coefficient of Gaussian function (dimensionless)
b: Coefficient of Gaussian function (mm).

c: Coefficient of Gaussian function (dimensionless)
C: Pre-exponential factor (mfi.

Ep: Inactivation energy (Kcal/mol).

kp: Thermal inactivation coefficient (M.

n: Viable pathogen population (dimensionless).

r: Coefficient of correlation.

T: Temperature (°C or K).

t: Time (min or day).

X1: Bulking agent particle size (mm).

X2: Bulking agent:sludge volumetric ratio (dimenses¥).
X10: Coefficient of Gaussian function (mm).

Xo0: Coefficient of Gaussian function (dimensionless).



1. Introduction

Handling and disposal of large quantities of sludga problem derived from the
growing environmental awareness, which is leadingrt increasing number of wastewater
treatment plants entering into operation (Lasaddial., 2000). At present, there is a
tendency in Europe towards an agricultural appbcaiof sludge in order to reuse its
organic matter and nutrient content. The main legatriction to land application of the
sludge is given by its content of heavy metals aotkntially toxic compounds. The
European Commission is preparing a new Directivehenbiological treatment of organic
wastes, which intends to regulate among other yupirameters the degree of sludge
disinfection before its application to land (Eurape Commission, 2000). The two
alternatives proposed by the Directive to ensurecgfe pathogen elimination are
thermophilic anaerobic digestion and compostingwa&ge sludge composting can
effectively decompose organic matter of sewage gduohto a stable end product. In
addition, the high temperature reached due to te&almolic heat generated during the
thermophilic phase of the composting process iscéffe in destroying the pathogens
allowing the final product to be safely used asilfser or soil conditioner (Wong and Fang,
2000). For sludge composting, in the draft of thewe mentioned Directive different
combinations of temperature and time are indicatextder to reach the proper disinfection
of the final product (temperatures over 55°C, 2sdar conventional aerobic treatments or
20 hours for 55°C for advanced aerobic stabilisatreatments; European Commission,
2000). Other international rules on sludge disiti@cby composting propose similar time-

temperature conditions (U.S. Environmental ProtecfAgency, 1995).



Main factors influencing the composting process temaperature, water content,
oxygen concentration in the composting matrix, pidyoand free air space (FAS).
Temperature is simultaneously a consequence ofctmposting process (microbial
metabolism) and a control parameter. Temperature@ading the maximum degradation
rate are in the range 40-70°C (Haug, 1993). Themopt water content has been
established within 40-60%. Oxygen concentratiorhiwithe composting matrix should not
be lower than 5-7%. Proper aeration of the compgstnaterial will only be possible if
enough porosity and FAS are provided. Optimum aloeFAS are around 30% (Haug,
1993).

The water content of sewage sludge is usually igh for composting even if a
dewatering treatment is applied to this materialalmajority of cases the addition of a
bulking agent is necessary. A bulking agent is ¢gen that provides FAS and regulates
the water content of the waste to be composteddg&fand McCartney (2004) determined
the minimum bulking agent requirements to provideoptimal FAS for the composting
process. Common bulking agents are fibrous carksmec materials with low moisture
content (Morisaket al., 1989; Sesagt al., 1997; Milneet al., 1998; Mineret al., 2001). A
long list of waste materials have been proposdalisng agents although one of the most
widely used materials are wood chips (Atkingbral., 1996; Jokelat al., 1997; Wongget
al., 1997; Larsen and McCartney, 2000). Although thmesgerials are not believed to be
significantly degraded under composting condititmesause of their high lignin content
some recent works have reported a certain biodagi#g of wood chips (Masomt al.,
2004). In addition to the type of bulking agentdjsiés particle size and the proportion of

bulking agent in the final mixture have also bempkasized as important factors in sludge



composting processes (Morisadtial., 1989; Wonget al., 1995; Larsen and McCartney,
2000) as well as in the modelling of the procesau@d 1993) . For instance, Barringtein
al. (2002a) showed the relationship between bulkipgnacharacteristics and the pressure
drop found in a composting mass. Similar works @legal. 1997; Barringtoret al., 2002b)
have reported the influence of the type and charatics of bulking agent on nitrogen
losses. The same relationship was also observédigdest al. (1996) who also reported
the influence of the type of bulking agent on oliganatter mineralization and stabilization
using the Rutgers composting system (Finstein, 198%hough all these parameters are
critical for the performance of the composting gss; there are few references where the
influence of bulking agent characteristics on matetisinfection has been studied (Mason
et al., 2004). It is particularly remarkable the work Rbs et al. (2006) where several
biological parameters including pathogen contentamtoxicity are determined in relation
to bulking agent ratio. However these results vadrtained in pig slurry composting.

Salmonella is widely used in sludge decontamination studdepgeret al., 1997;
Gantzeret al., 2002) as an indicator of pathogen contaminatiteséeret al., 2001; Sidhu
et al., 2001). Nevertheless there is an absence of g@eobnsensus on the conditions
needed to remov&lmonella from a composting material. Although there areesalv
studies that use this microorganism as an indicafomaterial disinfection, standard
conditions forSalmonella removal, as temperature and time of exposition @etational
procedure or type of process, have not been estaloli(\Watanabet al., 1997; Deportest
al., 1998; Hassesdt al., 2001; Maboeta and Van Rensburg, 2003; Paluazalk 2003).

The objective of this work is to examine the inflae of the bulking agent particle

size and bulking agent:sludge volumetric ratio loe ¢omposting process of two different



types of sewage sludge: dewatered raw sludge (R&)dawatered anaerobically digested
sludge (ADS). The full composite factorial experinted design technique is applied to plan
the experiments necessary to study the influencehef mentioned factors on sludge
composting process and to determine the relatipratmong them. The variable monitored
is the temperature profile reached in a composergeriment. As stated above, the
combination of the two parameters (temperature tand) will determine the degree of
sludge disinfection.Salmonella was selected as a model pathogen to calculate the
disinfection degree using a first order decay masiate this microorganism is widely used

in sludge contamination studies (Jepseal., 1997; Gantzeet al., 2002).

2. Materials and Methods

2.1 Sudge and bulking agent

The materials studied were: dewatered raw sludgengosed of primary and
activated sludge) from the urban wastewater treatnpdant (WWTP) of La Garriga
(Barcelona, Spain) and dewatered anaerobicallystigesludge from the urban WWTP of
Granollers (Barcelona, Spain). In both WWTP the esgurification system is applied to
wastewater: physical primary treatment and aerdbadogical treatment by activated
sludge. In La Garriga WWTP, the surplus sludge iabthin the biological treatment is
mixed with sludge obtained in the primary decanterd dewatered by centrifugation. In
Granollers WWTP, the primary and biological sludgeture is anaerobically digested and

then the resulting sludge is dewatered by centiiog. Wood chips from a local carpentry



were used as bulking agent. The chips consistedvafiable mixture of pine and beech tree
wood. The characteristics of these materials arsgmted in Table 1.

Sludge-wood chips mixtures were prepared by hatet atreening of the bulking
agent. All mixtures presented a range of moistumetent of 50-75%. A semi-industrial
sieve (Filtra Vibracion, FT-400, Barcelona, Spamwds used for wood chips screening.

Three different screens (20, 10 and 5 mm mesh) used.

2.2 Composting experiments

Laboratory-scale experiments were undertaken usiid. Dewar® vessels (KGW-
Isotherm, Karlsruhe, Germany), conditioned for costmg. A perforated cork lid was
conditioned for temperature monitoring and air sygmd a rigid wire net was placed near
the bottom of the vessel to separate the compostiaigrial from possible leachates. In
previous experiments, Dewar vessels performed ailyito other laboratory composters
(Geaet al., 2003).

Pilot tests were undertaken in a 100-L static costgro(Figure 1). The reactor
(length 50 cm, width 40 cm, height 50 cm) was pdalserizontally with a slight inclination
to permit the collection of leachates. A plasticsm&vas fitted at the bottom of the recipient
to support the material and separate it from pts$dachates. A 3 cm polyurethane foam
layer provided thermal insulation. Several holesemgerforated through the walls of the
vessel to permit air movement, leachates removadiltilae insertion of different probes. An
O,-content based control provided the air for the posting process. A complete

description of this reactor is provided in a presavork (Geat al. 2004).



2.3 Temperature, O, and CO, monitoring

Laboratory scale: Pt-100 sensors were used for temperature mamitani the 4.5-

L Dewar® vessels placed in the material to haveeasuring point at 1/2 of the height of
the material in the vessel. Temperature sensors e@rnected to a data acquisition system
(DAS-8000, Desin, Spain) which is connected toaadard personal computer. The system
allows, by means of the proper software (Proasis&-W/in 2.1, Desin, Spain), the
continuous on-line visualisation and registratioh the temperature. Ocontent was
measured with a portable,@etector (Oxy-ToxiRAE, RAE).

Pilot scale: Four Pt-100 sensors (Desin mod. SR-NOH) inseatedifferent points
inside the 100-L tank were used for monitoring tleenperature in the pilot scale
composting experiments. Temperature average valeepresented. After aspiration from
the sample, oxygen and @@oncentration in interstitial air were monitoredhwan oxygen
sensor (Sensox, Sensotran, Spain) and an infreetttdr (Sensontran I.R., Sensotran,
Spain) respectively. All sensors were connectea telf-made data acquisition system.
Oxygen was controlled by means of a feedback oxygemtrol which automatically
supplied fresh air to the reactor by means of @ fineter (20 L/min) (MR3A18SVVT,
Sensotran, Spain) to maintain an oxygen conceotraiver 10%. The specific aeration
rates during the thermophilic period were 0.72 ivtrkg TS' for ADS and 1.14 |- mifkg

TS for RS, respectively.
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2.4 Analytical methods
Water content, total organic matter (TOM), pH, &feal conductivity and total
nitrogen (Kjeldahl method) were determined accaydio the standard procedures (U.S.

Department of Agriculture and U.S. Composting Calu2601).

2.5 Respirometric tests

A static respirometer was built according to thigioal model described previously
(lanotti et al., 1993) and following the modifications and recomuhetions given by the
U.S. Department of Agriculture and U.S. Compostiwuncil (2001). Approximately 250
mL of compost samples were placed in 500 mL Erlgrem#éasks on a nylon mesh screen
that allowed air movement under and through thiel saimples. The setup included a water
bath to maintain the temperature at 37°C duringrélspirometric test. Prior to the assays,
samples were incubated for 18 hours at 37°C. Dwlindgpe incubation period samples were
aerated with previously humidified air at the saenpmperature. The drop of oxygen
content in a flask containing a compost sample masitored with a dissolved oxygen
meter (Lutron 5510, Lutron Co. Ltd., Taiwan) cornteelcto a data logger. The rate of
respiration of the compost sample (Oxygen Uptakée RQUR, based on total organic
matter content, TOM) was then calculated from thepes of oxygen level decrease
according to the standard procedures (lanettial., 1993). Results of the static
respirometric index referred to total organic nratentent are presented as an average of

three replicates.
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2.6 Numerical procedures
Surface response graphs and fitting of equationg werformed with Sigmaplot®

for Windows 8.0 (SPSS Inc., 2002).

2.7 Optimization of composting conditions
Optimization of composting conditions was perfornbgdneans of a full composite
factorial experimental design (Boat al., 1978; Trochim, 2006). The feasibility of the
experimental design technique has been widely detraied in other related (Lay al.,
1999) and non-related fields (Sancleeal., 2000).
The experimental design was carried out as follows:
1) Bulking agent particle size {(Xand bulking agent:sludge volumetric ratio,\Xvere
selected as the main factors affecting the compiyaof RS and ADS. Other important
factors affecting the composting procesg.(water content and oxygen supply) were not
considered in the experimental design since thenevimtially adjusted and maintained
throughout the experiment (water content in theyeaof 40-60% and air supply to ensure
aerobic conditions). Two bulking agents of diffdrearticle size were applied in different
volumetric ratios to the same sludge.
2) The levels of the factors considered were setecccording to usual composting
operation (Morisaket al., 1989; Haug, 1993; Wong al., 1995; Larsen and McCartney,
2000):
- Bulking agent particle size (X level 1. 0-5 mm; level 2: 5-10 mm); level 3: 10-&im.
- Bulking agent:sludge volumetric ratiofXlevel 1: 1:1; level 2: 2:1; level 3: 4:1.

The combinations of these levels tested experinigratige presented in Table 2.
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3) The levels and the factors considered were padd in laboratory scale composting
experiments carried out in 4.5-L Dewar vesselsofwihg the full factorial experimental
design. In this case, nine experimentd (8r RS and ADS were respectively undertaken.
Several replications randomly selected were alsoechout under different conditions of
the experimental design, resulting in a total valti#4 experiments.

4) Material disinfection (log Salmonella reduction) was selected as the objective function.
Usually, time-temperature conditions are given ftbe destruction of each pathogen.
Temperatures within the range of 55-65°C and tifnesy few to 60 min are usually
recommended (Haug, 1993). On the other hand, atiermal standards on compost
disinfection require temperature above 55°C fopotaltperiod of 2 weeks on full scale
composting facilities (U.S. Environmental ProtestioAgency, 1995; European
Commission, 2000). First order decay models are normally used to esémheat
inactivation kinetics, according to Eq. 1:

dn
— =-kyn Eqg. 1

at D q

where n is the viable cell population of a givemhpgen and K is the thermal inactivation
coefficient (min'). Integration of Eq. 1 permits to calculate thgaddthmic reduction of a

pathogen population (Eq. 2):

Ny
n

log,, Eqg. 2

1 t
=~ [k.dt
2.303j0 °

t

where kg is an exponential function of temperature (T):

-E
kp = Cexp( b RT) Eq. 3



13

being C a constant value and the inactivation energy for each pathogen. Botbhescan
be obtained for several pathogens from data fonrderature (Haug, 1993). For instance,
U.S. EPA regulations for Class A sludges recommenemperature of 60°C held for 30
min to provide a 6log reduction ofSalmonella which correspond to an inactivation energy
(Ep) of 102.8 kcal/mol and a pre-exponential factoy ¢ 8.43-16° min™. These values
were calculated from Eq. 2 and 3 and were usedifanfection simulations. To minimize
possible errors in the determination of l@fn/ny) it is important to have accurate values of
Ep, since logo (no/n) presents an exponential dependencen E

From composting experiments, when a curve time-&atpre was obtainedp land
logio reduction were calculated. The minimum temperatoreperform calculations of
disinfection was 45°C, corresponding to the begigrof the thermophilic range, where
most of the pathogenic microorganisms do not setvithis value of log(no/n;) is then a
simulation of the disinfection performance usingadel pathogen. Quantitative results of
the optimal conditions of disinfection can be obéal by selecting a function that fits the
whole set of experimental values for Jg(@o/n;). In the composting experiments with RS

and ADS a Gaussian function was selected (Eq. 4):

Ioglo[:"J:aexp(—O.‘{[Xl_leo] +[X2;XZO] J) Eqg. 4

3. Results and discussion
3.1 Influence of bulking agent ratio and size on composting performance
Table 2 summarizes the results obtained for alletkgeriments with the values of

duration of thermophilic phase (T>45°C) and thedpat temperature-time in this phase.
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The results obtained show that there was a comeramency for RS and ADS to produce
the best results in terms of disinfection tempeswhen the low particle sizes and the low
bulking agent:sludge ratio were selected (0-5 moh®10 mm; 1:1 and 2:1). Therefore, it
can be concluded that adjusting the values ofdbtfs studied, RS and ADS can be fully
disinfected by means of composting.

In terms of composting process, the conclusiohas & low particle size of bulking
agent is preferred to give the material an adequatesity instead of using large quantities
of bulking agent. Small bulking agent particles ateea real porous structure and a
homogeneous porous size distribution inside theena@tthat acts as an efficient oxygen
diffuser. Also, they act as effective water absmsberhich is interesting in the composting
of wet wastes such as WWTP sludge (Haug, 1993h@wther hand, water content of the
initial mixture needs to be adjusted to values wi#0-70% (Haug, 1993), which discards
the possibility of working at bulking agent:sludgelumetric ratios lower than 1:1 (as
stated before, moisture content values obtainedHerinitial mixtures were within 50-
75%). Nevertheless, these results should be vatidat the composting of sludge at
industrial scale since the utilization of smalltpde bulking agent can cause a compaction
of the material (Haug, 1993; McCartney and Che®120However, recent results obtained
in the industrial composting of municipal solid weshave shown that the utilization of big
pieces of bulking agent used to prevent a lossoabgty in large composting masses does
not have a significant effect on the material heséntion. In these organic wastes, the
temperature is maintained for long periods givea gnoperties of compost as a heat

insulator (Barrenat al., 2006).
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3.2 Smulation of disinfection in sludge composting

Table 2 also summarizes the results obtained fothal experiments giving the
values for logo(no/ny) obtained from the mathematical model previousgspnted. Figure 2
shows two examples of the determination gfakhich is a function of process temperature
and is necessary for the determination of the obgcfunction for different initial
conditions. Figure 2a corresponds to 5/1:1 conattifor RS composting (0-5 mm bulking
agent particle size and 1:1 bulking agent:sluddeanaetric ratio), where the thermophilic
temperature range was completely achieved (maximemperature: 62°C) and the
objective function (log) value was very high (2339), which meant that témperature
profile obtained ensures total removal &lmonella for any initial presence of this
pathogen in initial material. On the other handewgas Figure 2b corresponds to 5/2:1 (0-5
mm bulking agent particle size and 2:1 bulking agdundge volumetric ratio) for ADS
composting, where the thermophilic temperature rgashed for a shorter time (maximum
temperature: 47°C) and the objective function vahas lower (16). In general, when
thermophilic range of temperatures was achieveldiegafor logo(no/ny) where higher than
the disinfection requirements (6legUSEPA Class A sludges). On the other hand, the
values of the objective function proposed in thisrkvcorrelate well with those for the
product temperature-time obtained in the thermapliphase but the objective function
selected is more sensitive to pathogen heat iregdiv.

Coefficient values for the function proposed in Bgpbtained for RS and ADS are
presented in Table 3. Both functions describing &8 ADS were relatively similar
(coefficients with the same signal and order of niagle) and correlation quality (r) was

excellent for both cases. Objective function oledim Table 3 for both RS and ADS was
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numerically optimized to obtain the optimal conalis to perform the composting process.
Bulking agent particle size within 0-5 mm and akingy agent:sludge volumetric ratio of

1:1 for both RS and ADS were the results obtaimetthé optimization of logy(no/n;) using

a quasi-Newton method within the experimental dom@hese results were in agreement
with those presented in Table 2, and correspondetie higher values of the objective

function.

Figure 3 shows the surface responses;f{ogn;)) obtained for RS and ADS. A
similar behaviour was observed for both types atigé. In general, values of objective
function for RS were higher (Figure 3a) than thostined for ADS (Figure 3b). This was
in accordance to the fact that the organic mattatent of ADS was lower than RS (Table
1) and, consequently, organic matter suitable ggradation could be more abundant in
RS, although the value of organic matter contetdiobd by combustion of the sample may
not be a good indicator of biodegradable organittanaontent (Barrena al., 2005).

The temperature profiles obtained in composting egrpents suggested that
thermophilic conditions and effective disinfectioould be assumed for values of objective
function higher than 10 (equivalent to a’@eduction of pathogens), which implied a
restricted zone in the case of RS and ADS (Fighend demonstrated that it was crucial to
select an optimal initial mixture to produce aneefive disinfection of the material.
Optimal composting conditions were found for snpaliticle size of bulking agent and low
bulking agent: sludge volumetric ratio, and thethbesults were produced when bulking
agent size was 0-5 mm and volumetric ratio waqrdotmalized values: 2¢-1, X;=-1). At
full scale these results are likely to be more taable in terms of disinfection because of

the thermal inertia effect associated to large amstipg masses (Barresgal. 2006).
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3.3 Sudge disinfection at pilot scale

Two experiments were undertaken in a 100-L compgseactor to corroborate the
results obtained from the experimental design teglnas optimal conditions for sludge
composting in 4.5-L vessels. Each experiment cpared to one of the studied sludges (RS
and ADS) mixed with 0-5 mm wood chips in a sludgsed chips volumetric ratio of 1:1.
The results obtained (temperature profilesc@ncentration in the compost matrix and,CO
concentration in exhaust gases) are presentedyurd=# (4a for RS and 4b for ADS). The
results of the respirometric assays in terms of Cdfid respiration quotient (RQ, GO
produced/Q consumed) are also included. Peaks in the &@ Q profiles corresponded
to the entrance of fresh air to the composter dumaterial sampling. The strong variation
in %0, profile in Figure 4b (ADS) between days 18 anda2@ due to a mechanical failure
in the aeration system.

Values of the objective function calculated for th® pilot scale experiments were
1626 and 628 for RS and ADS respectively (25 ddymposting approximately), which
were well correlated with 4.5-L experiments. As d¢aseen in Figure 4, the maximum
temperature reached for the two types of sludge amwoximately the same (65°C),
slightly higher for RS. From the objective functisalues and temperature and f@ofiles
plotted in Figure 4 it could be stated that theogtdy supplied by the bulking agent added
was sufficient to overcome possible compressioacesfat pilot scale.

The results obtained from the respirometric testlicate that a real stabilisation of
the organic matter present in the composting maicicurred for the two types of sludge.

Initial values of OUR for RS (6.68 mg,@ TOM*.h') were clearly higher than those for
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ADS (3.74 mg @ g TOM*.h') as was expected according to the nature of ccgaaiter
present in the two different types of sludge. Hogrevalues obtained from day 3 to day 23
were very close to final OUR values of 1.76 andaiy G-g TOM*. h* for RS and ADS
respectively. These values were slightly highenttiese established in the standards for
mature composts (0.5-1.5 mg-@ TOM™. h%) (California Compost Quality Council, 2001)
and correspond to a material at the end of theveatecomposition composting phase.
OUR values lower than 1 mg@ TOM"- h* can be expected after a maturation period.
The respiration quotient (RQ), representing thati@hship between CQOproduced
and Q consumed, is approximately equal to 1 under aerobinditions (Atkinsoret al.,
1996). As can be seen if Figures 4a and 4b are amdpvalues of RQ obtained for ADS
were slightly higher than those obtained for R8ancordance with the degree of oxidation
of the organic matter present in the two types lafige, with ADS containing more
degraded substances. However, RQ values for thetypes of sludge were close to 1
(average RQ value for ADS=1.10 and for RS=0.96)ectihg the aerobic conditions
existing during the composting experiments. Theueabf RQ was steady during the
complete composting process. RQ has been routundyg in the biotechnological field
(Atkinson and Mavituna, 1983) but, to our knowledges rarely measured in composting
processes. Since it is a characteristic value ttireeferred to organic waste composition,
RQ may be suggested for the monitoring and cowofrthe composting process of different

wastes and to predict air requirements and @©Oduction.
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4. Conclusions

Optimization of composting conditions at laboratspale permitted to obtain the
optimal values of bulking agent particle size: @b and bulking agent:sludge volumetric
ratio: 1:1 for both RS and ADS. Under these condgj the temperature and time required
to destroySalmonella could be reached.

Pilot scale experiments under the optimal condgiobtained from the experimental
design confirmed that the conditions to obtaindtsnfection of the material were present.
Moreover, an effective stabilization of the matet@ok place, which was confirmed by
respirometric analysis (OUR).

The adaptation of the first order decay model preskin this work is suitable for
prediction of pathogen removal in a composting essc The mathematical model

developed can be used for the prediction of disitida of a given pathogen.
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Tables

Table 1: Properties of sewage sludge (ADS and RS) and wduogdscused in the

experiments

Parameter Anaerobically Raw Sludge  Wood
Digested Sludge (ADS) (RS) Chips
Water Content (%) 67.7 72.7 5.0
Total Organic Matter (% dry basis) 52.8 60.4 99.4
N-Kjeldhal (% dry basis) 2.6 2.5 0.1
C/N ratio 8 12 500
pH 7.6 7.1 n.d.
Conductivity (uS/cm) 2100 1800 n.d.

n.d.:not determined
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Table 2: Values of the thermophilic time, temperature-tipneduct and objective function
for the experimental design for RS and ADS. Norgalivalues of Xand X are shown in

parentheses.

Bulking Agent  Bulking:sludge RS ADS
Particle Size (X) volumetric Time for _ Time for _
(mm) ratio (Xz) l0g1o Temp>45°C Temp'tlme logso Temp>45° Temp'tlme
(no/ny (°C-day)  (no/ny) (°C-day)
(days C (days
0-5(1) 1:1 (-1) 2339 3.4 186 522 25 141
0-5(1) 2:1 (-0.333) n.d. n.d. n.d. 16 2.1 109
0-5(1) 4:1 (+1) 14 1.0 53 4 0 0
5-10 (-0.333) 1:1 (-1) 522 35 196 303 2.8 151
5-10 (-0.333) 2:1 (-0.333) 0 0 0 1 1.7 84
5-10 (-0.333) 4:1 (+1) 0 0 0 0 0 0
10 — 20 (+1) 1:1(-1) 0 0 0 0 0 0
10 — 20 (+1) 2:1 (-0.333) 0 0 0 0 0 0
10 — 20 (+1) 4:1 (+1) 0 0 0 0 0 0

n.d.:not determined
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Table 3: Parameters of the equation fitting the resultexgerimental design for RS and

ADS

Parameter Raw Sludge Anaerobically Digested Sludge
X10 -0.909 -0.779
X20 -1.038 -1.082
a 2487.9 652.4
b -0.329 -0.371
c -0.173 -0.272

r 0.99998 0.99990
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Legendsto Figures

Figure 1. Scheme of the 100 L composting vessel (not tekca

Figure 2: Examples of determination of the objective fuostfor 4.5-L experiments for a)
RS: 0-5 mm and 1:1; b) ADS: 0-5 mm and 2:1. Comipgsemperature (dashed line} k

(solid line). Horizontal dotted line correspondst&?C, limit of thermophilic conditions.

Figure 3: Surface response for the fitted objective functicObjective function
(logio(no/ny)) is plotted for the whole range of normalizedues of the factors considered
(X1: bulking agent particle size;,Xbulking agent: sludge volumetric ratio) for a) ;RS

ADS.

Figure 4. Evolution of control parameters during compostitige for 100-L scale
experiments for a) RS; b) ADS. Upper graph: Tentpeea(solid line) and OUR (triangles);

lower graph: %@ (solid line), %CQ (dotted line) and RQ (circles).
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