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Abstract

BACKGROUND: The concentration of ATP in selectedngées from the composting process of
several organic wastes (municipal solid wastes,tewager sludge, animal by-products and cow
manure) has been determined in order to charagttirézaerobic biological activity of such wastes.
RESULTS: The values obtained ranged from 0O (instdédble compost from cow manure) to 0.07 pmol
ATP/g dry matter in thermophilic samples of munidigolid wastes composting. In general, it was
found that ATP levels were in agreement with thegstof the composting process (initial stage,
thermophilic period and maturation). On the othandy ATP concentration correlated well (p<0.05)
with the overall respiration activity during a whaomposting process of municipal solid waste lat fu
scale.

CONCLUSION: ATP concentration can be used to deterthe biological activity of organic solid
wastes in different stages of their biological tne@nt and to predict compost stability prior tol soi

application.
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sludge.
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INTRODUCTION

Composting can be defined as a biological progesgich organic solid matter is biodegraded under
aerobic conditions. In recent years, interest imposting has grown because of the necessity to find
sustainable and environmentally friendly technadsdor solid waste management.

One of the crucial aspects in the study of compggs the development of reliable techniques
to measure and monitor the aerobic biological #@gtnf the process. An important group of methods
is based on specific biochemical properties sudRN& content, several enzymatic activities such as
dehydrogenase activit§ or products related to metabolism of aerobic nioganisms. As ATP is
produced as an energy source during the procesellofar respiration, its role as a parameter to
quantify the biological activity of compost or sielsamples has been highlighted in recent wotks.
ATP concentration has been also proposed as a pgato estimate viable biomass of a compost
intended for soil applicatioh’

The aim of the present study is the determinatATP concentration in a wide variety of
composting samples not previously studied, whigbregent different biodegradable materials and
stages in the composting process. Also, the legkIATP found for municipal solid wastes are

compared and correlated with the respiration inddlesughout a whole composting process.

MATERIALSAND METHODS

Composted wastes

The organic wastes were obtained from the comppgilant of Jorba (Barcelona, Spain). Organic
fraction of municipal solid wastes, raw wastewaledge, animal by-products (from slaughterhouses)
and cow manure were used. The general propertiaesé wastes can be found elsewfiére.
Composting system and sampling

The composting plant of Jorba uses the typical wiwdsystem. The detailed description of the
composting plant operation and sampling has beplaieed in previous studié8.

ATP determination

ATP concentration was determined according to natufer’s instructions after extracting ATP

from the representative sample of the solid orgaraste (3 replicates). The results are expressed as



an average value with standard deviation. The &pmleviation found in triplicate samples was in the
range of 5-10%. A commercial kit from Sigma-Aldri¢Barcelona, Spain) was used (Adenosine 5'-
triphosphate Bioluminescent Assay Kit, FL1KT). Extion of ATP from the solid sample was carried
out according to the method proposed by Architshla.'* A luminometer was used for the readings
of luminescence (Luminescence Spectrometer LS5kjrPEImer Instruments).

Satic respiration index (SRI)

SRI was determined using a static respirometerciwvhas been explained in a previous wovlalues

of SRI are expressed as mg of oxygen consumedagicrmatter- h'.

Routine analytical methods

Moisture and organic matter were determined acogrtti the standard procedufés.

RESULTSAND DISCUSSION

Levels of ATP in different organic wastes

The summary of ATP concentrations found in différenganic wastes at different stages of the
composting process is shown in Table 1. The higleesis of ATP concentration (>0.05 pumol/g dry
matter) were found for municipal solid wastes amémal by-products, and in both cases, in the
thermophilic stage of the composting process (teatpees higher than 65°C were recorded in this
period, data not shown). On the other hand, waservgtudge samples presented lower levels of ATP
concentration, even when thermophilic temperatue® reached (higher than 65°C after three weeks
of compaosting). This is in accordance with otheidsts that have shown a high biological activity fo
municipal solid waste using RNA concentrafioand a lower level of respiratory activity for
wastewater sludge compared to municipal solid wastpecially for anaerobically digested sludge.
Although there are no references on the biologictiVity of animal by-products composting, it seems
evident from the results obtained that this mak@nriasents a high activity, which makes composting
suitable technology for its treatment. In the caBeow manure, material in the maturation stage (8
weeks) still showed a moderate ATP concentratio@3@ pmol/g dry matter), whereas in a very
stable compost (25 weeks of composting), no ATP detected. Unfortunately, samples from the

early stage of composting process could not beysedlfor comparison with other organic materials.



Some literature results of ATP concentration in posting processes were reviewed for
comparison with the present study. They are alssgmted in Table 1. Most of ATP concentrations
were quite similar to those of the present work. istance, the level of ATP in sewage sludgeas
lower than the levels of pulp and paper proddats straw and pig slurry, which are presumably
more biologically active materials. The knowleddette biological activity of organic wastes is an
aspect of special relevance for designing and magagpmposting processes, since biological activity
is strongly related to the operation of compostiants, in crucial points such as air or bulkingratg
requirements.However, some of the results found were very’lowvery highi in comparison with
those of the present work, which is probably duelifterences in the ATP extraction procedure. In
relation to this, it should be noted that a unigersethod for ATP extraction does not exist, areteh
are several reagents used for extraction such@sphbric acid, Tris-EDTA buffer® whereas in other
works it is not explained in detdit® In the present work, several extracting reagentpgsed by
previous works were testédand the best results in terms of recovery of AT#vidly were obtained
with the protocol proposed by Archibadtlal.,"* in which 2.5% trichloroacetic acid (TCA), and 20mM
Na,-EDTA are used. Finally, it is worthwhile to memtithat although no results have been found in
literature for municipal solid waste and animaldrgducts, it can be again concluded from Table 1
that these wastes are among the highly biologieattive materials.

Comparison with respiration activity

A complete evolution of a municipal solid waste @asting process is presented in Figure 1. In this
process, respiration index and ATP concentratimwsld a similar profile, which was related to an
initial rapid development of aerobic microbial coommties that reached a maximum value in the
thermophilic period (approximately from second ietrs week) followed by a maturation stage in
which the level of biological activity clearly deased. This type of profiles of ATP concentratias h
been previously observed with other walfesnd using other techniques to determine the dveral
biological activity, such as dehydrogenase actiVity fact, the results of ATP concentration and
respiration activity obtained from this study cdmted well (p<0.05) with a slope of 42.5 to convert
from ATP concentration to respiration index. Howevecan be easily observed from Figure 1 that

during the first weeks of composting (first 40 datyee ATP concentration evolution was delayed with



respect to respiration index (this delay was gregdlyi estimated and the value was in the range of 5
10 days), whereas in the maturation stage this/gebectically disappeared. Although the exact reaso
for this behaviour is unknown, and no literature baen found to compare ATP and respiration index
using municipal solid wastes, it can be hypothekibat ATP is available for analytical determinatio
after a period of composting and only when organétter has been degraded to some extent (Figure
1). On the other hand, respiration activity, siitces a global biological parameter, can be detécte
from the beginning of the composting process. Othsults with pig manure have shown that ATP
and respiration index correlated relatively welkidg time? although the number of experimental
points in that study was much lower than those he# present work. In any case, both ATP
concentration and respiration index showed thattimpost obtained was well stabilised according to
international regulation€, which confirmed the feasibility of these tests doaracterize organic
materials intended for soil application.

In conclusion, this work has demonstrated that ABiAcentration can be a useful and a
relatively simple tool to determine the level oblogical activity in different stages of the compog
process. The differences in ATP concentration folamdhe organic wastes analysed can be also of

interest to predict their behaviour in the process.
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TABLES

Table 1: Levels of ATP obtained for the different wastesilgsed. Comparison with some levels of

ATP previously reported in literature.

Waste Composting time ATP concentration Reference
and conditions (umol/g dry matter)*

Municipal solid waste Full-scale during 1 week @B& 0.0007  This work
Municipal solid waste Full-scale during 3 weeks 62a 0.008 This work
Wastewater sludge Full-scale during 1 week 0.008082 This work
Wastewater sludge Full-scale during 3 weeks 0.00D87 This work
Animal by-products Full-scale during 1 weeks 0.61®00F This work
Animal by-products Full-scale during 3 weeks 0.852.008 This work
Cow manure Full-scale during 8 weeks 0.030 + 001 This work
Cow manure compost Full-scale during 25 weeks 000001 This work
Wheat bran Laboratory scale during 8 days 0.002-0.0 5

Pig manure Full-scale during 10-18 weeks 0.1-0.5 6
Pig manure Full-scale during 13 weeks 0.0002-0.0006 7
Sewage sludge Laboratory scale incubations 0.00m2-0 13
Pulp and paper productd.aboratory scale during 7 weeks 0.02-0.07 14
Straw and pig slurry Pilot scale during 12 months .01@.03 15

* ATP values obtained in this work are presentedraaverage with standard deviation, with different

letters indicating significant statistical diffe@n (<0.05. For references 5, 6, 7, 13, 14 and 15, the

whole range of ATP values obtained is presented.



CAPTIONSTO FIGURES

Figure 1. Evolution of ATP concentration, static respiratimdex and organic matter content for

municipal solid waste composting.
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