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Abstract

A static respirometer was built to determine theg®metric Index (RI) of composting
samples at different temperatures. Composted ralstevere dewatered sludge (DS)
and dewatered anaerobically digested sludge (AD&nimed from a wastewater
treatment plant. Respirometric indexes were obthetea fixed value of 37 °C (k)
and at then situ temperature of the reactor at the moment of samgiRl). Results
indicated that both indexes correlated well witlnperature evolution in the composter.
However, R} were more representative of the metabolic actiintythe reactor and
were also more sensitive to temperature and corigosiariations of the composting
material. Nevertheless, when process temperatteb&ow optimum mesophilic
conditions, R} were useful for the monitoring but not for determ@ the actual
stability of the material. Moreover, the importanaf the units used to express Rl was
also analysed during the composting of sludge fitve paper industry, a highly
compostable residue. Rl expressed on dry mattes badicated that this was a stable
material even before composting (values below 1 @@ DM HY) whereas RI
expressed on organic matter basis correspondeqd tmstable material (values around

2.5 mg Qg OM'HY).
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Introduction

Composting has received much attention as a pateeithnology for treating solid
wastes such as municipal solid wastes, sewageseslydgd trimmings, and agricultural
wastes. During the last decades research hasefaurs the qualitative evaluation of
the composting process. Several indicator vargabére been proposed for monitoring
the process and evaluating the stability of thalfproduct. Biological and biochemical
indexes are particularly useful since they relatengosting processes to metabolic
activity; methods such as total ATP, enzyme agtivind microbial biomass
measurements have been employed (Gatcéh, 1992; Tiquia & Tam, 1997; Garcia &
Polo, 1999; Beniteet al, 1999; Tiquiaet al, 2002). However, the most widely used
biological methods are the respirometric studiesckvidetermine the Qor CG
evolution during the microbial metabolism (Kuielr al, 1985; Atkinsonet al., 1996;
Pérezet al., 1999, Larsen & McCartney, 2000; Lasarmdial, 2000). The basis of these
methods is that immature compost has a strong dgfioar®, and high CQ production
rates due to intense development of microorganiass& consequence of the easily
biodegradable compounds in the raw material. Cmehe at late composting stages
both processes decline as the amount of degradadd@ic mater decreases. However,
it has been argued (Haug, 1986; Adahial., 2002) that @ consumption is a more
reliable method since oxygen is directly resporsifolr the oxidation of the organic
matter. Still, @ monitoring requires more control and therefore msophisticated

equipment and is more time consuming than the meamnt of CQproduction.

Methods based on jOconsumption have been classified into dynamic atatic
protocols (Adani & Genevini, 2001). Dynamic methodse characterised by a
continuous oxygen supply whereas static methodsbeamsed with solid or liquid

samples. A wide range of devices has been developed for nieasurement of



respiration from solid matrices. One of the mostely reported uses a dissolved
oxygen (D.O.) meter with a polarographic probe meag the decline in oxygen
concentration over a compost sample in a flaskhSests generally provide near-
optimum conditions for microbial respiratior.§. moisture, nutrients, and oxygen
supply). In almost all respirometric experimeni® measurement of respiration activity
is carried out at standard temperatures of about30°C (USDA, 2001; lanotgt al.
1993; Lasaridi & Stentiford, 1998). It is considéréhat respirometric activities
measured at these fixed temperatures are goodatodsc of the mean metabolic
potential of the compost.  Nevertheless, compgst a complex process where the
rate of degradation is a result of the metabolitvilg from a mixed microbial
population that includes microorganisms with diéigr optimum growth temperature. It
can be considered that, although respirometric raxeats performed at fixed
temperatures are a useful indicator of the comgtaditility, they do not show the actual
metabolic stage of the process and therefore, ¢drenosed to follow its evolution. On
this basis, this paper describes the experimeetapsof a respirometer developed to
determine the Respirometric Index of composting gamat different temperatures.
The final aim of this work will be to have a reliabmethod to monitor the composting

process.

2. Materials and Methods

2.1 Substrates characteristics

Homogenised source-separated organic fraction aficipal solid waste (OFMSW)
was obtained from the full-scale municipal solidsteacomposting plant in Granollers

(Barcelona). Samples were taken directly fromctmposting tunnels.



Dewatered sludge (DS), consisting of primary anivated sludge, was obtained from
the municipal wastewater plant in La Garriga (Blma). Dewatered anaerobically
digested sludge (ADS) was obtained from the mualcigastewater treatment plant in
Granollers (Barcelona). Physico-chemical sludge SP@as obtained from the de-

inking process of a recycled paper manufacturicigistry.

Wood chips, consisting of a variable mixture of epiand beech tree wood, were
obtained from a local carpentry and used as bulagent. Sludge and wood chips were
mixed by hand after the screening of the bulkingrdg A semi-industrial sieve (Filtra
Vibracion, FT-400) was used for the wood chips exieg. Three different screens (20,
10 and 5 mm) mesh were available. A 1:1 sludge:wstopls volumetric ratio was used

in all experiments since it had been previouslymjsied by Geat al.(2003).

2.2 Composter

A 100 L old fridge was conditioned to be used astadic composter and was filled
either with OFMSW, the sludge:wood chips mixture REES. No conditioning was
needed for the OFMSW since it had been directlyenakrom the piles in the

composting plant and it already included the bugkagent.

The recipient was kept horizontally with a slightlination to allow its opening from
the top and to make the collection of possible Hases easier. A plastic mesh was
fitted at the bottom of the recipient to suppor tnaterial and collect the leachates.
Several holes were perforated through the wallthefvessel to permit the entry and
exit of air, the discard of leachates and the tnmeiof different probes. Air inlet was at
one end of the vessel whereas its outlet was abtiiner end. An air flow rate of 20
L/min was used and its entry was regulated eitlyagelmperature or £xontrol. Four Pt

100 sensors (Desin mod. SR-NOH) inserted at diftepeints inside the vessel, were



used for monitoring the temperature. Oxygen comeéiph in interstitial air was
monitored with an oxygen sensor (Sensox, Sensdipain). CQ concentration at the
outlet of the composter was monitored with an irgfdadetector (Sensontran I.R.,
Sensotran, Spain). All sensors were connectechtimee-made data acquisition system.
Oxygen was controlled by means of a feedback oxygerirol which automatically

supplied fresh air to the reactor when oxygen cotmagon fell below 10%.

2.3 Chemical and physical analyses

Approximately 1 L samples were collected periodicab determine organic matter
content and the respirometric index. Samples frofMSW were sieved to remove
glass, plastics and other inerts and oversized rrahteFor respiration experiments,
humidity content was adjusted to a range of 40 % J@/w) if required. Analytical
parameters were determined according to the stdrptacedures recommended by the
Test Methods for the examination of Composting &@wmpost (TMCC) (USDA,

2001).

2.4 Respirometer

A static respirometer (Figure 1) has been builbatding to the original model described
by lanotti et al. (1993, 1994) and following the modifications artommendations
given in the TMCC (USDA, 2001). The drop of oxygeantent in a flask containing a
compost sample was monitored with a dissolved axygeter (Lutron 5510, Lutron

Co. Ltd., Taiwan) connected to a data logger.

The setup included two water baths to allow cagyout experiments at two different
temperatures simultaneously. Temperatures assageslat a fixed value of 37 °C and

at thein situ temperature of the composter at the moment of sagap Prior to the



assays, samples for experiments at 37 °C were atedbfor 18 hours at this
temperature, while samples for experiments alitu temperatures where incubated for
4 hours at such temperature. During all the intabaperiod samples were aerated

with previously humidified air at the sample tensiare.

The aeration system consisted of a flask with alale stopper and two glass delivery
tubes. At the bottom tip, the delivery tube hadagnarium air-stone to produce small
air bubbles. This sparger was immersed in watdrutmidify the air. The flask was
always kept inside the incubation bath. The defitebe was connected to a manifold
that served to deliver air to the different flagkstaining the samples. The manifold
was constructed from plastic tubing connected higkgdisconnect fittings. Individual

valves were also fitted to each sample tubing goilete the air flowing.

Once the incubation period was finished, the Dghser was assembled into the flask
without removing it from the water bath. The aregsure inside the flask was then
equilibrated with the outside pressure by inserngypodermic needle through the
stopper and leaving it in place for 5 minutes. |€vel was then recorded every 15
seconds for 90 minutes. In all experiments thredicstes were used. After the D.O.
readings finished, the total volume of free air cgan each sample flask was

determined as described in TMECC (USDA, 2001).

2.5 Calculation of Respirometric Index (RI)

The Respirometric Index (RI) of the compost samplerred to total organic matter
content was calculated from the slope in a linegngent on the chart Q%) versus

time by using equation 1.



R| = V [P[32[m[60 1)
RITI[X[DM [OM

where: RI, respirometric index (mg®&g OM*-h%): V, volume of air in flask (mL); P,
atmospheric pressure at elevation of measuremany; (e, slope of change in percent
O, saturation per minute divided by 100; R, ideal gasstant (0.08206 L-atm- ol
°KY); T, temperature in degrees (K); X, wet weightcompost test aliquot (g); DM,
fraction of total solids of a parallel sample abgyug DM-g X%); OM, fraction of

organic matter of a parallel sample aliquot in lbagis (g OM-g DN).

3. Results and Discussion
3.1 Respirometer validation

Amongst the modifications developed in this worksitvorth mentioning that air used
for the aeration of the samples before the resptdmassays was saturated with water
at the same temperature as the water bath, otleeaeisation resulted in the drying of
the sample. Moreover, the use of quick disconrigithgs and individual valves

allowed a better control of the aeration rate.

Once the respirometer was built, next step wavatuate the error of the respirometric
assays. Rl of OFMSW samples obtained from thecstatmposter at different days
were determined. Temperatures assayed were agé Vedue of 37 °C () and at the

in situtemperature of the composter (T) at the momestofpling with 18 and 4 hours
incubation time respectively. Incubation time tbe fixed temperature was chosen
according to the literature (lanno#i al., 1993; USDA, 2001). As no information was

available regarding incubation for the experimaitshein situ temperature, different



incubation times were assayed. Results indicateda(ciot shown) that Rl values
remained practically constant for incubation tirmbesve 4 hours. Figure 2 illustrates a
typical chart Q% versus time and RI values for three replicatea ehme sample, as
expected % oxygen saturation decreased with timiable 1 shows RI values and
standard deviations obtained for the two tempeeatonditions assayed. Standard
deviations from respirometric tests at the stathefcomposting process are larger than
those obtained at the end probably due to the hemsagtion of the material along the
process. It is also observed that at high temperat{b5 °C) standard deviations for RI
evaluated at T were higher than those for Rl a€3This could be because in this case,
the former was closer to the upper limit of the penature compensation of the
electrode (60 °C). This could mean that, littleiat@ons in the temperature of the water
bath may lead to small oscillations in the @robe lecture, increasing the error

associated to the measurement of the slope.

3.2 Units of RI

RI units are generally referred on the basis @ltotganic matter content. However, the
convenience of using units based on total solidstesu has also been suggested
(CCQC, 2001) since the organic matter content carvdry variable depending the
heterogeneity of the material. In consequencs,ariability may introduce significant

errors in the evaluation of the RI.

Therefore, the significance of the units used far tespirometric index was evaluated
during the pilot-scale composting of physico-cheahgludge (PCS) resulting from the
de-inking process of a recycled paper manufactuimogistry. Characteristics of this

material (Table 2), such as relatively high C/Naalow organic content and moisture

had indicated a low compostability. However contipgsat laboratory scale with no



bulking and no amendment showed good performarai (oot shown). Temperature
profile and respirometric indexes determined atC3{Rlk;) obtained during the
composting at pilot-scale are shown in Figure 3gmeht is observed that a thermophilic

range was reached within two days, and was maeddior more than two weeks.

From Figure 3, it can also be seen that Rl valaésutated on dry matter basis were all
below 1 mg @- g DM - h' regardless of the composting stage. Accordingecature
(USDA, 2001; CCQC, 2001), these values would cpoed to a stable material. This
is in clear contradiction to the actual activityosim by the material as confirmed by the
temperature profile of the process in Figure 3.n¥@osely, RI based on organic matter
content correlates well with the temperature peofilith high values corresponding to
an unstable material during the thermophilic raage falling down to 1 mg &y OM* -

h™ during the mesophilic phase. These results seemdicate that when dealing with
materials with high content of non-degradable malterespirometric indexes should be
referred to organic matter basis since the highesdrof non-degradable material may
lead to misleading results when expressed on dityembasis. Therefore, although its
variability, it seems more appropriate to expre$iR organic matter basis specially

when comparing different processes.
3.3 Monitoring of the composting process by respetric techniques

Figure 4 shows that composting of sludge (DS) fediahe typical evolution of this type
of processes. It is observed that during the fisgt days process temperature quickly
rose to 65 °C followed next day by a fast drop@®@ and a less pronounced fall during
the following days to temperatures as low as 20M&Mmperatures then increased slowly
up to values around 30 °C. They were maintainethenmesophillic range until the

process was finished.
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Evolution of the composting of anaerobically digessludge (ADS) is shown in Figure
5. In this case, it can be seen that temperaapiely reached a thermophilic range in
the first days of the process, with values up td®0followed by a moderate drop to
around 38 °C and a subsequent quick increase &0 ®C. Afterwards, temperature

slowly decreased to the mesophillic range.

There are two possible explanations for the tempergrofiles during the first stage of
the process. The most generally accepted is theg easily degradable materials are
depleted metabolic activity slows down causing raperature drop. Microorganisms
able to degrade more complex materials develop #mehtheir metabolism provokes
again the generation of heat and a new temperatarease. However, it has also been
argued that this behaviour maybe because high tatypes may lead to a sudden
decrease in the metabolic activity of the microargans and consequently, a reduction
in the amount of heat generated. The material toefs down and temperature drops.
This cooling down reactivates the metabolic adgtivlieat is generated again and so
temperature rises again. This last argument coydtha the behaviour of the DS since
the drop in temperature was quicker than for AD&I &s organic matter content was
higher (80.2 % dry basis) than for ADS (61.7 % dagis). However, in practice it is

very difficult to determine the actual reason toe temperature profiles.

Figure 4 and Figure 5 also show the respirometidexes obtained at 37 °C ¢Rland

at the in situ temperature (R) along the process for fresh sludge (DS) and
anaerobically digested sludge (ADS) respectiveiyom these Figures it can be seen
that both type of indexes correlated well with temgture evolution. The values

indicate a higher metabolic activity at the begmgniof the process, a reduction in

activity during the cooling down phase and, anease in activity once the temperature

11



started to increase again. Also, indexes wergy/fagnstant when temperature changes

were small.

Nevertheless, although RbBnd R} values followed the same trend, several differences
are found between them. In the case of DS (Figyrewhen temperatures in the
composter were high, Rlwere significantly higher than Rland as temperature
quickly dropped so RIldid. The reason for this could be that at highgeratures
prevailing population in the composter was thernitiph Therefore, this population
would show higher activity for assays performedtte actual temperatures of the
reactor compared to the activity shown at 37 °€pide the incubation prior to the
assay. Conversely, when composting temperaturetfatound 20 °C, Rlwere lower
than R§;. This would indicate that Rivere sensitive enough as to detect the decrease
in the metabolic activity within the reactor wheseldk; were less sensitive to these
changes. As expected, when process temperaturescleser to 37 °C, both indexes

were similar.

In the case of ADS, Figure 5 shows that BRhd R}, followed the same trend as for DS
and that RJ; values are quite similar for both materials. Hearewhen comparing both
indexes, it can be seen thatRalues were considerably lower for the ADS. Thiwér
activity maybe related to the differences in thgamic matter content of both sludge
since DS contained 80.2 % (dry basis) of organatten while ADS contained 61.7%
(dry basis). Besides, ADS not only contained tagmnic matter but since they were an
already digested material, their organic fractias less biodegradable than that of DS.
Therefore, activity is not only related to the amg matter content of the material but

to its nature as well.
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The differences in Rl values for DS and ADS are in good agreement whih t
differences in the composting profiles of both gied Higher activity and sharper
increase and higher temperatures are observee dieiinning of the process for DS
(Figure 4) when compared with the composting of APR®jure 5). A faster drop in
activity is also observed. The main reason fag thiference seemed to be the different

organic content and biodegradability of both mater

Results then indicate that Rlare more sensitive to temperature changes and
composition variations of the composting materi@n Ri;. Therefore, Rl would
provide more representative information of the aktmetabolic activity in the
composter. However, when process temperature falew optimum mesophillic
conditions, although Rlare able to detect the actual metabolic activityhie reactor,
they are unable to indicate the potential metabaditvity of the material since their
values would correspond to a stable material whigbractice is not. Therefore under
these conditions Rlare useful for the monitoring of the compostinggass but not for
determining the actual stability of the materialofgover, from the operational point of
view Rl assays are faster thansR$ince incubation time is only 4 hours compared to

the 18 required for the later.

While respirometry techniques have been widely uaedstability indicators for
compost, their use for the monitoring of the predeas been limited. Results presented
here demonstrate that they are actually an ext¢ehéicator for the monitoring of the
process although they are by far, more complictitad temperature measurement and
monitoring. Nevertheless, relationship betweenpemature and respirometric indexes

are currently under investigation.
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Conclusions

A reliable device has been constructed for detangirthe RI of compost samples.
Results have shown that Rl measurements antbgu temperature of the process are
more representative of the metabolic state in tmeposter. Measurements at 37 °C may
lead to underestimate the microbial activity. Costpw of sludge (DS) is a faster
process than the composting of anaerobically dégestudge (ADS) due to its higher

biodegradable material content. RI measurementslate well with these findings.
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Table 1. Respirometric indexes and standard deviati MSW samples.

Mean Process Time of Temperature of  Respirometric Index Standard
temperature composting  the respirometric RI deviation
(°C) (Day) test (mg O,-g OM™*-hY)
&)
55 2 55 8.75 1.17
60 37 3.86 0.10
37 2.46 0.20
55 8
55 3.75 0.59
37 2.23 0.11
55 11
55 6.95 0.63
55 17 55 3.17 0.21
37 0.96 0.45
50 25
50 4.31 0.19
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Table 2. Main characteristics of physico-chemidadige from recycled paper

manufacturing industry.

Dry matter (%) 63.3
Water content (%) 36.7
Total organic matter (% dry matter basis) 33.7
pH (water extract 1:5) 7.50
Electrical conductivity (dS/m, water extract 1:5) 1.92
Total N-Kjeldahl (%, dry matter basis) 0.43
C/N ratio 34.0
N-NH, (%, fresh matter basis) 0.08
Total P (%, dry matter basis) <0.10
Total K (%, dry matter basis) <0.10




LEGENDS TO FIGURES

Figure 1. Respirometer setup.

Figure 2. Q %) versus time of three replicates of a OFMSW santaken the fourth
day of composting process. Rl values obtained &C37

Figure 3. Respirometric index and temperature l@®fin the composting of PCS at

pilot plant scale

Figure 4. Average temperature profiles and respatom indexes obtained at 37 °C
(Rl37) and at then situtemperature (R) for fresh sludge composting process.

Figure 5. Average temperature profiles and respatom indexes obtained at 37 °C
(Rl37) and at then situ temperature (R) for anaerobically digested sludge composting

process.
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