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Abstraet 
Due to the frequent use of domestic sewage sludges as organic additives to soils with 

low humus eontent, the ehemícal eharacteristics of the extractable polymers from com
posted and uncomposted sludges were deseribed. 

The alkali-soluble, acid-insoluble sludge fraetíon (humic-like) was isolated after 
exhaustive lipid extraetion, and analyzed by chemical degradation followed by eombined 
gas ehromatography mass spectrometry. It was observed that this sludge fraction contai
ned an important amount of lipid compounds (more than 40% by weight). Most of this 
lipid material can be physically removed, but the residual polymer fractions were also 
found to be highly aliphatic in nature. The high yields upon degradation of several types 
of alkanoic acids and the relatively high proportion of polypeptides (30% by weight), as 
well as carbohydrates, suggested that the humic-like fraetions from both the eomposted 
and uneomposted sludges consisted of slightly altered microbial and residual biopoly
mers. The effects of eomposting sludge mainly eoneem the selective biodegradation of 
the Iess resistant moieties. The great differences between the chemical nature of the 
humic-like fraction of the composted sludge and that of the soil humie aeids are conside
red to reflect the low proportion of lignified materials in the original sludge. 

Introduetion 
The use of domestic sewage sludge for agricultural purposes requires that the organic 

composition of the sludge be eharacterized first, including the analysis of potentially 
harrnful pollutants r 1.2J. Sewage sludge seems to be an important source of readily 
biodegradable organic matter [3}, and its favourable effeets on the physieal properties of 
soils [4J and its high nitrogen content {5,6J are gene rally considered to be sufficient to 
justify the use of sewage sludge on agricultura! soil. On the other hand, the often high 



proportion of heavy metals and phytotoxie substanees, as well as the problems derived 
from eertain mierobial speeies. set an upper limit for the direet use of sludge on land; the 
first aspeet is partieularly pronouneed in aeid soils. 

The study of the chemical nature of the extractable polymers from sludges is also 
important in establishing their potential fe rt ilit y and their degree of "maturity". In 
general, the humic acid content is often used to evaluate organic fertilizers, although 
humic substances do nol seem to be present, at least in sensu strictu, in the products 
derived from urban wastes [7]. The humic acid fractions are usuaUy defined in terms of 
the procedures used for their extractÍon (solubility in alkali and insolubility in acid), 
although the use of such criteria is inadequate for organic material other than soil [8,9]. 
For this reason, the organie matter extraeted from sludge by the same methods as used 
for the isolation of humic acids will be referred to in the present paper as the "organic 
colloidal fraetÍon" (OCF). This sludge fraction is presumably most active in terms of its 
physico-chemical properties. In addition, during laboratory isolations of soil humus 
constituents, the sludge OCF's are coextracted together with the humic acids in soils 
amended with sludge. Consequently, the ehemical characterization of such sludge poly
mer fractions is al so useful for predicting the short-term changes in the humic fraction 
from sludge-amended soils [10]. Differences between the organic matter composition of 
sludge and humus may be partially due to the reduced period of aerobic evolution of the 
former; the "sludge humic acids" are frequently compared with the aquatic humic 
substances [11 l. These facts suggest the importance of the oxidatíve processes in trans
forming sewage sludge into a materiallooking more like soil humus. Taking into account 
the aboye criteria, the aim ofthe present study was to examine the presence ofhumic-type 
polymer fractions in the composted sludge. 

Material and Methods 

Sewage Sludge 

The sample studied was representative domestic sewage sludge from the treatment 
station of Camino de la Munoza, Almeria (Spain). The final product after aerobic and 
anaerobic treatments was air-dried and ground before analyses. 

In the composting experiment the material was incubated for 4 months in a 40-1 
polyethylene container in a chamber with a constant temperature (300C). The humidity 
was kept at 50% of WHC, and the pile was rotated every week to ¡nsure even distribu
tion of the material and the femperature and to increase aeration. 

Analytical Methods 

The ash content was-determined in an electric fumace (12 h at 700°C). After treating 
the sludge with acid (to remove carbonates), the organic carbon was determined with a 
Carmhograph-12. Nitrogen was determined with a "Technicon" autoanalyzer, and the 
cation exchange capacity by using barium acetate (pH=8). 

The separation of organie fractions from sludge was carried out as follows. The lipid 
fraetion was extracted in a Soxhlet with petroleum ether (40-700 C) during the course of 
70 h. The residual sludge was extracted with 0.1 N NaOH under nitrogen, and the soluble 



extraet was aeidified to pH 1, thereby obtaining a soluble, eolourless fraetion and a 
grayish precipitate (OCF). An attempt was made to concentrate the first fraction in 
insoluble polyvinylpyrrolidone, but this fraetion was not adsorbed on the resin, sugge
sting a strongly aliphatic character [9]. For that reason, the acid-soluble fraction of this 
sludge was consídered to be highly different from the soil fulvic acids and was not 
studied. The percentages (as C) of the aboye fractions were determined in lO-mI decar
bonated and desiccated aliquots, using the Carmhograph analyzer. 

Since our previous analyses showed an important lipid contribution to the composi
tion the OCF (even after exhaustive lipid extraction of the sludge sample), these freeze
dried, "crude" OCF's were submitted to ultrasonic shaking in petroleum ether, followed 
by a 12 h continuous extraction in a Blount micro-extractor; the process was repeated 
during the period of a week, using fresh solvent every day. These treatments were found 
to be highly effective to remove lipids physicaJly "entrapped" in the OCF, most of them 
presumably introduced into this fractíon by adsorption of the lipids relea sed from sludge 
during the alkaline extraetion. 

Characterization of the Sludge OCF 

The elementary composition was determined in a CHN analyzer Perkin-Elmer 240 C. 
The molecular size distribution was studied using Sephadex G-50, recording the densito
metric curves at 450 nm. Spectroscopic parameters in the visible range were determined 
using solutions of 136 mg/l C [12], and the E41E6 ratio refers to the relation between 
extinclions al 465 and 665 nm. The analysis of amino acids was carried out in a Biotronik 
amino acid analyzer LC 7000, after hydrolysis with 6 M HCl. The hydrolyzable sugars 
were studied by GC as alditol acetates [13], using a Perkin Elmer Sigma-3-1 O OC system, 
and identified by their coincidence with the retention times of authentic compounds. 

Oxidative degradation of the OCF's was carried out in two steps, first using a mild 
reagent (potassium persulphate) [14], then reoxidizing the persulphate-resistant material 
by alkaline permanganate degradation [151. In both cases, the oxidation products were 
extracted with ethyl acetate in a liquid-liquid extractor during the course of 12 h. As in 
the case of the lipid fraction, these compounds were methylated with ethereal diazomet
hane, then separated and identified in a GC-MS system Hewlett Packard 5992 B. The 
identity of chromatographic peaks was estabilished in terms of their mass spectra, but 
al so by comparison with the retention times of authentic compounds. The column used 
was a 20-m cross-linked capilIary OV-IOI, and the oven temperature was programmed 
at between 25° and 270°C with arate of SO/m in. 

Results 

The whole sludge sample had about 60% organic matter and 2% nitrogen (C/N= 17, 
Table 1). The principal exchange cations were Ca2+ and Mg2+. The exchange complex 
was saturated (absence of exchangeable H+) and the total cation exchange capacity, 115 
meq/l 00 g, was proportional to the high content of organic matter (T/C). The 4-month 
composting process was responsible for a 22% It>ss of weight, a value similar to that 
reported elsewhere [16]. The content of organic matter decreased, but the N content 
remained constanl; a C/N ratio of 12 was observed in the composted sludge. Nevertheless, 



Table 1 Effecl 01 compoSling on Ihe analylical characlerislics 01 sewage sludge. 

_____ Excha~ge cations 
Sample %wt % %C %N C/N %N- Na+ K+ Ca2+ Mg2+ H+ T TIC 

loss ash org. loss 

Ori8inal 39.8 34.3 1.97 17.4 8.3 1.0 88.816.9 0.0 115.0 3.3 
slu ge 
4-month 22.4 51.3 23.9 1.98 12.1 22.0 10.9 1.3 112.019.7 0.0 143.9 6.0 
composted 

T = Total exchange capacity, meq/l00g. 

when calculating the nitrogen content in terms of the original weight before composting, 
a 22% loss of N was also observed. 

The total exchangc capacily incrcased after composting, as did the TIC ratio, indica
ting a grcater "maturity" of the organic malter in the composted sludge, with a greater 
proportion of cation-complexing functional groups. 

The alkali-extractabÍc fractions of sludge made up to 14% of total C, and the OCF 
represented about 10% of total C (Table 2). After composting, the percentage of Iipids 
and acid-soluble fractions underwcnt a small reduction, but the OCF greatly decreased in 
comparison with uncomposted sludge. Several physico-chemical parameters of the 
OCF's are given in Table 3. According to the experimental procedure described above, 
the "crude" OCF was al so studied after physical removal of the Iípid fraction and 
degradation with K2S20 g, a mild reagent which removes loosely linked organic compo
unds. These pretreatments were carried out in order to eliminate the "non-humic" mauer 
associated with, or co-extracted with, the OCF, in a attempt to "purify" this fraction and 
increase its chemical similarity with humic acids. 

Table 2 Effecl 01 compoSling on the yields 01 extractable fractions Irom sewage sludge. 

Sample Lipid fraction Alkali-soluble Alkali-so!uble Alkali-insoluble 
acid-insoluble acid-insoluble (humin-like) 

(FA-like) (HA-like)(=OCF) 

Original sludge 1) 1.35 1.50 3.30 28.15 
2) 3.94 4.37 9.62 82.07 

4-month compos-
ted sludge 1) 0.84 1.32 0.98 20.76 

2) 3.51 5.52 4.11 86.85 

3) 0.65 1.03 0.76 16.13 

1) Grams of C from the different fractions in 100 9 sludge sample. 
2) Grams 01 C from the different fractions in 100 9 sludge organic C. 
3) Grams 01 C from the different fractions alter composting 100 9 original sludge. 



Elementary Composition 

The percentages 01' C. H, O and N 01' Ihe OCF's were different from those of soil 
humic acids (Table 3). In particular. the atomic H/C ratios were comparativeIy high, 
suggesting a predominance of alkyl compounds [ 17J. After Iipid extraction, the atomic 
o/e ratio increased, which corresponds to the release of non-polar compounds. The latter 
parameter further increased afler the persulphate treatment of lhe uncomposted sludge 
(which eliminated an additional lipid fraction). As expected, the OCF from composted 
sIudge showed an increased O/C atomic ratio. The behaviour of the OCF from the 
eomposted sludge tended to be more similar to that of humic acids: lipid extraetion 
induces a relative increase of oxygen-conlaining groups, but the persulphate treatment 
induces decarboxyIation typical of hydroIytic processes [18]. The changes in the N 
eontent were also signifieant: eomposting produced a relative inerease (lower C/N ratio 
in the eomposted OCF's), and lipid extraetion and persulphate degradation produced, 
respeetiveIy. an extraerion of eomponents without nitrogen, and removal of the easily 
degradable (earbohydrate and protein) moieties of the OCF. Based on this information 
the hydrolyzable nitrogen was ealcuIated to 70% (value similar to that of fresh biomass), 
suggesting a predominant peptidie nature of the N in the OCF. This last parameter 
deereased as a eonsequence of composting. 

Physical Characteristics 

The speeifie extinction (450 nm) of OCF's was very low in eomparison to any soil 
organie fraction, and the E4/E6 ratio was also relatively low (Table 3). This last parame
ter was affected by eomposting, illustrating the changes in the molecular sizes of the 
sludge OCF's [19]. The MW distribution was studied by gel filtration, which revealed 
re\atively high molecular sizes for this sludge fraetion (Table 4). The molecular sizes are 
affeeted, in part, by the adsorption of hydrophobic fraetions on the OCF. It was found that 
after the petroleum ether treatment, the separated fractions became more defined, with 

Table 3 Analytical characleristics 01 sludge polymers (HA·like) belore and alter 4 monlhs 01 composting. 

Elementary eomposition Atomic °/0 Spectroscopy/ 
ratios hydro- parameters 

HA-like Treatment %C %H %0 %N C/N H/C o/C Iyzable E4(136 E4/E6 
N ppm C) 

Original 55.9 7.9 33.5 2.7 20.7 1.7 0.4 0.12 3.6 
Lipid . 45.3 5.8 43.0 5.9 7.7 1.5 0.7 68.7 0.14 4.5 
extractlon 

K2S20a 37.1 4.4 55.8 2.7 13.7 1.4 1.1 n.d. n.d. 
oxidation 

4-month 47.3 6.1 41.4 5.2 9.0 1.5 0.6 0.20 5.0 
lipid . 32.7 3.9 56.6 6.8 4.8 1.4 1.3 60.8 0.17 5.9 
extractlon 
K2S20a 43.0 
oxidation 

4.9 48.4 3.7 11.6 1.4 0.8 n.d. n.d. 



Table 4 Gel liltration (Sephadex G-50) 01 organic colloidallrac!ions !rom sewage slUdges: 

HA-like Iraetion Kav: 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 

Uneomposted sludge: 
Original 
lipid extracted 

4-month eomposted 
sludge: 
Original 
lipid extraetíon 

40.0 
59.5 

28.0 
31.8 

56.0 
29.8 

36.0 28.0 
47.6 7.9 

Pereentages 01 the total area 01 the densitometrie curve registered al 450 nm. 

4.0 
3.6 7.1 

8.0 
12.7 

the development of well-defined peaks of low molecular size (Kav 0.3 - 1.1). The 
significant deerease of the molecular size after composling suggested that the readily 
biodegradable constituenls of the OCF' s consisted of the polymers with a high molecular 
weight. 

Infrared Spectroscopy 

The IR spectra of Iipid-extraeted OCF's are shown in Fig. 1. TIte IR spectra of the 
uncomposted samples seem to correspond to a complex mixture of fauy, peptidic and 
polysaccharide substances. Alkyl vibrations were prominent al around 2420 cm- l, and 
they were also responsible for the bands at 1470 and 720 cm-l. 

The sharp vibration near 1720 em-! may correspond to esters, ketones or acids; the 
carboxyl contribution was probable, as suggested by the broad band near 2600 cm-l. Both 
amide bands (1660 and 1550 em-!) were intense. No definitive evidence for aromatic 

0.0. 

3500 3000 2500 2000 1600 1200 800 

Figure 1 InlrarOO spectra of Ihe alkali-soluble. aeíd-insoluble Iractions Irom sewage sludge. alter light petroleum. 
ultrasonic !realmant. Top. original sludge; below. 4-monlh composted sludge. 



material was found (the band at 1510 em- t was only a shoulder and the band at 1610 em- I 

was too unspeeifie). The intensity in the region of 1030 em- 1 suggested a eertain 
proportion of polysaeeharide. Other bands of the speetrum may be assigned aecording to 
methods deseribed in the literature [20, 21], whieh also suggests the presence of sulfonic 
groups. After eomposting, the alkyl bands deereased, but the intense bands of the 
N-eontaining eomponents and polysaecharides remained. The C=O vibrations of this 
eomposted sample were not strong, as opposed to soil humic fractions. 

Degradative Studies 

After aeid hydrolysis of the OCF most of its constituents split off and could be 
analysed. The OCF's represented a very high protein content (Table 5). The total amino 
aeid eoncentration amounted to 30% of this sludge fraelion. Glutamic and aspartic acids, 
leucíne and phenylanine were the predominant molecules. After composting, the protein 
fraetion deereased by 50%, phenylalanine and lysine being the less resistant to aerobic 
transformation. In general, the amino acíd pattems and the resistanee to degradation of 
individual molecules are rather similar to those described for soil humic fractions [22]. 

The hydrolyzable sugars (Table 6) were not predominant (about 5%) in the OCF, but 
relatively important, if compare'd with the proportion of soluble polysaecharides in 
humus. Glueans were the predominant eonstÍtuents of this fraction, but galactose, man-

Table 5 Elfect 01 composting on the amino acid distribution 01 Ihe OCFs from sewage sludge .• 

Compound Uncomposted sludge Composted sludge Relative losses af-
ter composting 

Alanine 2.22 (7.38) 1.55 (8.07) 45.8 
Arginine 1.76 (5.85) 0.95 (4.95) 58.1 
Aspartic acid 3.51 (11.67) 2.56 (13.33) 43.4 
Phenylalanine 2.72 (9.04) 1.22 (6.35) 65.2 
Glycine 1.80 (5.99) 1.41 (7.34) 39.2 
Glutamic acid 3.95 (13.16) 2.86 (14.91) 43.8 
Hystidine 1.06 (3.52) 0.76 (3.96) 44.4 
Isoleucine 1.20 (3.99) 0.67 (3.49) 56.7 
Leucine 2.77 (9.21) 1.55 (8.07) 56.6 
Lysine 1.42 (4.72) 0.67 (3.49) 63.4 
Proline 1.44 (4.79) 0.99 (5.16) 46.6 
Serioe 1.72 (5.72) 1.10 (5.73) 50.4 
Tyrosine 1.30 (4.32) 0.78 (4.06) 53.4 
Threonine 1.64 (5.45) 1 .11 (5.78) 47.5 
Valine 1.56 (5.19) 1.02 5.31) 49.3 

Total aminoacids 30.07 (100.00) 19.20 (100.00) 50.4 

• 9 amino acid in 100 9 HA-like fraction (parenthesis: percentage of the total amino acid 
content). 



Table 6 EHect 01 composting on the sugar dislribution 01 the OCFs from sewage sludge: 

Compound Uncomposted sludge Composted sludge Relative losses 
alter composting 

Glucose 2.48 (48.35) 1.30 (32.12) 59.3 
Galactose 0.49 (9.55) 0.28 (6.91 ) 55.6 
Man'nose 0.49 (9.55) 0.62 (15.30) 1.8 
Glucosamine 1.24 (24.17) 1.29 (31.85) 19.2 
Galactosamine 0.43 (8.38) 0.56 (13.82) -1.1 

Total sugars 5.13 (100.000) 4.05 (100.00) 38.7 

• 9 sugar in 100 9 HA-like fraction (parentheses: percentage of the total hydrolyzable sugars). 

nose and aminosugars were also detected. After composting, the polysaccharide fraction 
decreased to nearly 40% due to the high relative 10sses of glucose and galactose. On the 
other hand, mannose and aminosugars were found to be more resistant to composting. 

The composition of fatty acids in free lipid fractions was studied for comparison with 
those incorporated in the OCF's. The proportion of alkanes was relatively small; the most 
abimdant fraction of lipids consisted of n-fatty acids in the C J2-C28 range. The principal 
acids were palmitic, stearic and myristic [23}. The C18 unsaturated acids (oleic and 
linoleic) were also very abundant, whereas palmitoleic acid was not predominant (Table 
7). 

The distribution pattem of free fatty acids was rather constant after composting. As 
expected, the total proportion of unsaturated chains decreased, and the total proportion of 
the chains longer than C20 (presumably derived from epicuticular waxes from higher 
plants),considered highly resistant to degradation [24,25], increased in amount. The lipid 
fractions separated from the OCF's after ultrasonic treatment in petroleum ether were 
very abundant, making up 41 % and 51 % of this fraction from the uncomposted and the 
composted sample, respectively. The composition of these fractions was rather different 
to that of free lipid fractions, since they included significant amounts of the branched 
fatty acids with the configuration ¡so and anteiso, (CJ4 - C I9). These compounds are 
typical of bacteria and suggest important microbial contribution [25,26]. 

Successive degradation (persulphate oxidation fol1owed by alkaline permanganate 
oxidation) yielded compounds similar to those of the soil humic polymers, but in different 
proportions: most of the products released were alkanoic acids. In Fig. 2 the major 
chromatographic peaks are labelled and classified in aliphatic series, and in Table 8 the 
proportions of the different types of products are calculated as percentages of the total 
chromatographic area, for direct comparison. The degradation yields obtained were as 
follows: 67% of the uncomposted OCF was degraded by K2S20 8 (18% of ethyl acetate
soluble products, for the GC-MS analyses) and 71 % of the composted OCF was degraded 
by K2S20 8 (21 % soluble in ethyI acetate). The persulphate residues were degraded totally 



. Table 7 Fatty acid distribution in total sewage sludges and their colloidal organic fractions: 

C12 C13 C14b C14b C14 C15b C15b C15C16b C16:1 C16 C17b C17b C17 C18:2 

F.U 0.5 0.1 0.0 0.1 9.6 0.0 0.0 1.0 0.0 0.3 56.2 0.0 0.0 0.5 9.8 

F.C 0.2 0.0 0.0 0.0 6.8 0.0 0.0 5.8 0.0 1.8 54.8 0.0 0.0 0.3 6.5 

FHA.U 2.8 0.3 0.2 0.1 15.0 1.1 1.1 1.9 0.0 0.0 36.0 9.8 0.0 1.6 0.0 

FHA.C 9A 0.3 0.7 0.6 11.5 2.5 2.8 1.8 0.0 2.2 32.7 0.0 1.7 1.2 lA 

C18:1 C18 C19b C19:1 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28 

F.U 7.0 10.9 0.0 0.0 OA OA 0.2 0.7 0.1 1.6 0.2 0.2 0.1 0.1 

F.C 3.3 12.8 0.0 0.0 0.2 0.7 0.2 1.3 0.2 3.7 0.3 0.3 0.5 0.3 

FHA.U 10.1 12.9 0.3 2A 0.3 3.0 0.1 0.2 0.1 0.1 0.2 0.2 0.0 0.0 

FHA.C 13.7 11.5 0.8 1.0 1.0 1.9 0.3 0.7 0.1 0.3 0.1 0.1 0.0 0.0 

. Percentages of total canten! of fatty acids . 

Abbreviations used: F, free fatty acids of sludge; FHA, fatty acids associated with the 
organic colloidal fraction (ultrasonic treatment + petroleum ether extraction); U, uncompos-
ted; C, 4-months composted. 

by KMn04. yielding 22% e!hyl acetate products (OCF from uncomposted sludge), and 
18% in the case of!he composted sample. 

The products released by persulphate may be interpreted as the degradation products 
of !he more labile polymers present in the OCF's (e.g. glycolipids). The proportion of 
hydrocarbons was small; the most abundant products were fatty acids. Low proportions 
of dialkyl phthalates (diethyl, dibutyl, diisobutyl, and dicyclohexyl) were also found; 
these compounds seem to be frequent in sludges [27]. 

The lipid fraction released by acid degradation with persulphate was comparatively 
simple: the Cw C 18 n-chains were dominant. The content of alkanoic a, ro n-diacids 
(mainly C18) amounted to around 7% ofthe total volatile products released by persulpha
te. No aromatic acid was found in persulphate-removable forms, but hydroxy fatty acids 
represented 7% or 4% of the volatile products before and after composting, respectively. 
The products obtained after permanganate degradation confirmed !he strongly aliphatic 
character of the OCF. No alkanes were detected, and !he fatty acid fractíon was also 
predominant, including important proportions of iso and anteiso chains. The alkanoic a, 
ro -diacids (C6-C IO) amounted to nearly 40% of the permanganate degradation products 
of the original OCF, but !hat value decreased to 10% after composting. The p-hydroxy 
fatty acids and a smaller amount of ro-OH acids were also present, and aromatic acids 
(typical constituents of soil humic fractions) were represented only in mínimal propor
rions, even after the 4-month composting process. 
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Figure 2 Left: chromatographic separation 01 lhe persulphate degradation products from the OCF Irom uncom 
posted sludge (A) and lrom the 4-monlh composted sludge (B). Right: products released by alkaline permang 
anate oxidation from the persulphale degradation residue (0 = branched, : '" unsaturated). 

Table 8 Elfect 01 composling on the relative yields 01 degradation products 01 the OCF from sewage sludge afie 
degradalion with K2S2Üe followed by alkaline KMn04 oxidation 01 the persulphate residue.' 

K2S20S KMn04 

Type of compound Uncomposted Composted Uncomposted Composted 
sludge sludge sludge sludge 

Alkanes 2.31 2.37 0.00 0.00 
Fatty acids: Total 82.29 79.88 57.52 83.55 

Branched 0.00 0.00 13.95 9.42 
Unsaturated 3.03 5.62 1.61 6.61 

Alkanoic a. ro -diacids 5.91 7.10 37.23 10.00 
OH fatty acids 6.77 4.29 2.88 2.15 
Phenolic acids 0.00 0.00 0.10 0.30 
Benzene carboxylic acids 0.00 0.00 1.20 1.80 

• Percentages of the total volatile compounds, as methyl esters. 



Conclusions 
The analytical results suggest that the composition of the OCF from the domestic 

sewage sludge was very different from soil humic acids. These sludge fractions mainly 
consisted of protein with a certain proportion of carbohydrates, incorporating a large 
amount of lipids by physical or chemical bonds. A portion of the OCF was found to be 
resistant to mildly oxidative procedures - and presumably to biological degradatíon- [28, 
29], but they were also different in composition than any humic fraction. The high 
proportion of short-chain fatty acids, and the presence of p-hydroxy acids (both fre
quently showing the iso and anteiso configurations) may be interpretated as the effect of 
microorganisms responsible for the formation of sludge polymers, such as bacterial 
lipopolysaccharides. On the other hand, the small amounts of ro-OH acids could be 
attributed to the presence of altered biopolyesters from higher plant wastes [30]. 

The very small amount of aromatic constituents was not sufficient to justify a 
conspicuous contribution of lignin or humic-type polymers. After composting, the phy
sico-chemical properties of the OCF became more similar to those of humic substances. 
but, from a structural viewpoint, they cannot be considered to contain a predominant 
fractíon of a polymer similar to a terrestrial humic acid. 

Nevertheless, even when considering the peculiar composition of the OCF's from 
composted sludges. it was observed that they coincided with humus fractions in regards 
to several physico-chemical properties which are adequate to improve soU physical 
properties (ie., molecular size, cation-complexing functional groups, tendency towards 
association both with hydrophobic and hydrophilic molecules). The very high proportion 
of free and linked lipids may be unfavourable to soU properties, because it is weU known 
that these substances may enhance the water-repellent properties of soil. This circumstan

. ce is not, however, frequently reported, probably due to the fact that most sludge lipids 
are of low molecular size and may be considered as easily biodegradable in soil (24J. 

The advantages and inconveniences of extended composting of sludge must be 
carefully evaluated. Aerobic conditions do transform sIudge into a substratum with 
increased stability and a certain resemblance to soil humus in terms of several of the 
parameters examined. But composting also causes dramatic los ses of important constitu
ents, such as the total organic matter, protein, and the total content of the OCF. In 
addition, during the 4-month experiment, the OCF did not turo into a polymer similar to 
humic substances. These facts suggest that composting time should be calculated in terms 
of the period necessary for the destruction of harmful microorganisms and phytotoxic 
substances {31,32] since the composition of the original sludge does not seem to be 
especially rich in materials of a prehumic nature. 
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