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SUMMARY 
Modifications of the lipidic and humic acid-like fractions from two 

organic wastes (city refuse and aerobic sewage sludge) before and after a 
composting process were studied. Although the qualitative composition of the 
1 ipidic fractions befo re and after composting was nearly identical, sorne 
quantitative differences were observed. Data from elemental and functional 
group analysis and FTIR spectra of tlie humic acid-like fractions showed a 
slight increase of the aromatic compounds during the composting process. GC-MS 
studies of the products of the persulfate and permanganate oxidation -of the 
humic acid-like fractions have not been useful to show changes in them. 

INTRODUCTION 

App 1 icati ons of different organic amendments to crop 1 and has been a 

cornmon practice in agriculture for a long time. These organic amendments 

cannot be substituted by inorganic fertilizers and nowadays the important role 

of the organic matter in soil formation, soil fertility and crop production 

has been widely established (refs. 1-2).The intensive cultivation practices 

facilitate rapid degradation of organic matter. Hence it is necessary to use 

increasing amounts of organic fertilizer to mantain or to improve soil 

fertil ity .• 

_ Organic wastes such as sewage sludges or city refuse can be used for 

applications in agriculture or horticulture if they- have been composted to 

avoid toxicity problems caused by not stabilized inorganic and organic 

constituents.. These prob 1 ems appear when raw wastes or compost with a low 

degree of maturity are used (refs. 3-4). 

A more complete knowledge Jf the compost organic fractions is necessary 

for the understandi ng of sorne important agronomi c effects of the refuse 

compost applications. Although the compost humic-like fraction is defined in 

operational terms in the same way as the soil humic and fulvic acids, taking 



i nto account the short transformat ion process undergone by the compost, one 

can suppose that this fraction wi11 not be identica1 to that of the soi1 and 

wi 11 be mai n 1y composed of 10w humi fi ed compounds .• 

The objective of this paper is to determine the effect of the composti~g 
and maturation process on the 1ipidic and humic fractions from two different 

organic refuses, characterizing these fractions befo re and after a composting 

and maturation process .• 

MATERIALS ANO METHODS 

A city refuse (CR) and an aerobic sewage sludge mixed with grape debris 

(S-GO) in the ratio 3/1 (on the basis of their organic carbon content) were 

used in this studX' 

Composting and.maturationprocess 

About 2 m3 of city refuse or sludge-grape debris mixture were moistened 

and piled on open windrow (ref .. 5) which were turned after 13, 26, 39, 52, 65, 

78, and 91 days of piling .• The composts obtained were 1eft to stabi1ize for 

four months (maturation process) .. 

Analytica1methods 

The 1ipidic fraction was extracted from the composts with petro1eum ether 

in a Soxh1et and the extract e1uted through a si1icage1 co1umn with pentane 

and methylene chloride successive1y .. The two fractions eluted were studied by 

GC-MS. 

The humic substances were extracted shaking the 1ipid free compost 

samp1es for 24 h with 0.1 M Na4P20 7 at pH 9.8. The extracts were centrHuged 

at 13.200 9 and the supernatant acidified to pH 2 with H2S04. The humic 

fraction precipitated was separated by centrifugation, and its mineral content 

reduced by treatment with HC1-HF (l:1) 5 %.', The humic fractions were final1y 

dia1yzed unti1 a negative Na+, K+ and C1- test was ·obtained and then 

freeze-dried .• These fractions were characterized by elemental and functional 

group analysis, FTI~ spectra and GC-MS studX. 

Elemental analysis of the humic substances was performed by gas 

chromatography on a C H N Hew1 ett-Packard 185 mi croana 1yser.. Oxygen plus 

su1fur was ca1cu1ated by differenc~. 

Total acidity was determined by the baryta adsorption method and carboxy1 

groups by the Ca-acetate method (ref. 6) .. The acidic OH (in emo1 Kg- 1) was 

ealcu1ated as the difference between total acidity and COOH contento Carbony1 

groups were obtained by the method of hydroxy1amine (ref. 7). 



FTIR spectra were recorded on KBr pellets (0.75 mg of humic substances 

per 300 mg of KBr) on a Nicolet 10 MX spectrometer. 

Persulfate and alkaline permanganateoxidation of the humic substances at 

acidic pH was achieved according to Martin et al. (ref. 8), and to Khan and 

Schnitzer (ref. 9), respectively. The oxidation products were extracted with 

ethyl acetate, dried under reduced pressure, suspended in methanol and 

methylated with diazomethane. Methylated samples were ana1ysed by injection 

into a gas chromatography-mass spectrometry (GC-MS) computer system 

(Hew1ett-Packard 5992B) equipped with a 25 m, 0,2 mm i.d. cross-1inked fused 

si1ica OV-101 capi11ary co1umn. The oven temperature was programmed from 100 

to 270°C at arate of 6°C/min. He1ium at a f10w rate of 1 m1/min was used as 

carrier gas. The ionizing voltage of the MS was 70 eVo 

RESULTS AND DISCUSSION 

Characterization of the 1ipidic.fraction 

As shown in Tab1e 1, more thant 50 % of the 1ipidic fraction was 10st 

during the composting and maturation process. These 10sses were higher in the 

city refuse compost than in the sludge compost a1though the 1atter had higher 

1ipid contento 

TABLE 1 

Percentage of 1ipidic fraction in the raw and mature compost (ash free dried 
weight 

compost samples 

sludge-grape debris 
city refuse 

raw.compost 

2.34 
r.29 

mature.compost 

1.01 
0'.31 

Gas chromatograms of the pentane sol ub 1 e 1 i pi ds of raw and mature S-GD 

and CR composts (Fi9.' 1) showed that the qua1itative composition of all these 

lipidic fractions was near1y identica1 .. They presented a1kanes series ranging 

from C'4 to C38 with maxima at C17 and C18 in both raw and mature S-GD 

compost 1ipidic fraction (Fi9 .• la and lb), and at C
22

, C
23 

and C
24 

and C16 , 

C17 and C18 in raw and mature CR compost 1ipidic fraction, respectively .• 

Nevertheless quantitative differences cou1d be observed due to the composting 

process. So, the 1ipidic fractions from mature compost showed an increase of 

the 10wer molecular weight alkanes (C14 to C18) and a decrease of the C19 to 

C38 a1kanes. The homologs ranging from C19 to e
38 

(Fi~. lb and ld) exhibited 
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Fig. 1. Gas chromatograms of the lipidic fractions eluted with pentane: (a) 
and (c") raw sludge-grape debris and city refuse compost; {b} and (d) mature 
ludge-grape debris and city refuse compost, respectively. 
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Fi9.· 2 .• GC-MS chromatograms of the lipidic fraction, from raw (a) and mature 
{b} city refuse compost, eluted with methylene chloride. 



no carbon number predominance and were superimposed on an unreso1ved comp1ex 

mi xture (hump) of branched (probab 1y iso and antei so structures) and cyc 1 i c 

hydrocarbons .. This distribution is characteristic of 1ipids from anaerobical1y 

degraded a1ga1 detritus (ref .• 10) .. The range of al kanes from these fractions 

(C12 to C
38

) is similar to that reported for microbial origin hydrocarbons 

(ref.. 11 ) .• 
Since it has been observed, as noted aboye, that during the composting 

and maturation process of the two organic wastes studied, a degradation of the 

C19 to C38 alkanes and an increase of lower molecular weight alkanes occur,· it 

might be thought that this kind of change could be an index of a certain grade 

of maturation. • 
The chromatograms of the raw and mature S-GD and CR compost 1 i pi di c 

fractions eluted with methylene chloride were nearly identicaL Fi9 .. 2 shows 

as indicative the chromatograms of the lipidic fraction of the raw and mature 

CR compost .• These lipidic fractions consisted mainly of fatty acids, low 

molecular weight ketones (C
14 

to ,C
19

) and phtha1ates <Tab1e 2) .• These ketones 

could have been formed "in situ" by the microbia1 degradation of a1kanes, 

which wou1d be in agreement with the a1kane quantitative 10ss observed in the 

1ipidic fraction during the composting process .. The existence of phtha1ates 

may be attributed to the contamination of sludge and city refuse by p1astic 

materials. 

TABLE 2 

Compounds identified in the raw and mature S-GD and CR compost 1ipidic 

fractions eluted.with.methylene chloride 

peaks 

1,4,8 

2,6,9,13,17,20 

·3,7,10,14,18,21 

5 

11 

12 

15 

16 

19 

22 

compounds 

Branched ketones C14 - C16 

Ketones C14 - C19 
Monocarboxy1ic fatty acids C12 - C18 

Dipheny1 butene 

Di C4 isophtha1ate 

Isoprenic ketone C18 
Di C4 phtha1ate 

Branched fatty acid C17 

Unsaturated monocarboxy1ic fatty acid e
18 

Diocty1 phtha1ate 



Charaeterization of the humie fraetions 
As shown in Tab1e 3, during the eomposting and maturation proeess the 

atomie H/C ratio of humie fraetion from the S-GD eompost deereased, whieh 
might be re1ated to a higher aromatieity of this fraetion of the mature 
eompost as eompared to that of the raw eompost. Neverthe1ess this deerease was 
not observed in the humi e fraet ion of the mature CR eompost. Both the 
elemental and funetiona1 ana1ysis va1ues fa" into the wide range of va1ues 
found for soil humie aeids (refs. 12-13). However, taking into aeeount the 
short transformation proeess undergone by these materia1s as compared to the 
soi1 organic matter, it is not probable that these humie fraetions are similar 
to those of the soi1. 

TABLE 3 
Chemiea1 eharaeteristies ofthe humie fraetions (ash free dry weight). 

Compostsamp1es 

raw S-GD matureS~GD raw CR mature CR 

Carbon % 46.70 53.60 55.40 47.90 
Hydrogen % 6.16 5".23 6".66 6.05 
Nitrogen % 5".80 4.12 1.21 6.41 
Oxygen + Su1fur % 4r.30 31.80 3(J".70 39".60 
Atomic H/C r.58 1'.17 r.44 L51 
Atomie O/C Ó.66 Ó.52 Ó.42 Ó.62 
C/N 8.06 H.OO 1.68 1.47 
Total acidity emo1 Kg-l 1.04 6".26 6".61 4".98 
Carboxy1 HOOC emo 1 Kg-' L85 2.64 L77 2.25 
Phen01 ie OH emol Kg-] 5".19 J.62 4.84 2.73 
Carbony1 c=o emo1 Kg~ 2.16 2.89 2.35 2.53 

S-GD = sewage sludge - grape debris mixture (3/1 on the basis of their organie 
eontent); CR = eity refuse. 

The humic aeid-like fractions from the mature eomposts had higher 
carboxy1 and carbony1 groups content and 10wer pheno1ie OH group content than 
those from the raw composts. Although the increase of carboxy1 group ref1ects 
the existence of an oxidation process which is characteristic of the 
humification process, the decrease of the pheno1ic group content in the humie 
fraction of the mature eomposts does not support the theory of an inerease of 
the humification during eomposting. 



TABLE 4 

Observed infrared bands of humic fractions from raw and mature S-GD and CR 
compost 

Bands cm1 

3450 - 3425 

3275 

2975 - 2826 

1750 - 1710 

1680 - 1650 

1560 - 1530 

1470 - 1400 

1387 

1265 - 1237 

1170 - 1030 

Proposed assignment (refs. 14-16) 

OH stretching (hydrogen-bonded hydroxy1) 
hydrogen-bonded -NH stretch (amide 11) 
-CH3, -CH2-asymetric and CH3, -CH2 - symetric stretch 

-C=O stretching of COOH and ketones 
-C=O stretching of amide 1, conjugated ketones and 
quinones. 
amide II (hydrogen - bonded - NH bend) 
-CH2-bend, -CH3 asymetric bend, aromatic bend stretch 
C-H deformation of C-CH3 (symetrica1) 
-C-O stretching and OH deformation of COOH, 
-C-O stretchi ng of ary1 ethers, ami de I II .• 
-C-O stretching (aromatic ether, hydrated po1yo1s and 
carbohydrates. 
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Fig. 3. FTIR spectra of the humic fractions from raw (a) and mature (b) 
sludge-grape debris compost and raw (e) and mature (d) city refuse compost. 



Fi~o 3 and Table 4 show the FTIR spectra and the main observed infrared 

bands of the humic acid-like fractions studie~o The spectrum of the humic acid 
from the mature S-GD compost showed a reduction of the. bands assigned to 
aliphatic C-H stretch (2975-2825 cm-1) and po1yols and carbohydrates 
(1170-1300 cm-1) as compared to the spectrum of the humic fraction from the 
raw compos~o This suggests that the mature compost posseses a higher 
humification degree.o In the case of the CR compost, only a reduction of the 
band attributed to carbohydrates and polyo1s was observe~o 

The percentage of material removed by persu1fate accounted for about 50 % 

of the humic fractions of the two raw composts and 40% and 45% of those of the 
S-GD and CR mature composts, respective1y.o This behaviour might be expected 
because during the composting and maturation process the more easily 
degradab 1 e organi e const ituents are decomposed.o 

The chromatograms of the products of the oxidation with persulfate of the 
humic fraction from the four composts studied were similar.o Major products 
identified were phthalates, straight chain fatty acids (C12 to C18), 
,-hydroxyacids, straight chain fatty diacids- and benzenedicarboxylic acids 
(Tab1e 5).0 Since 1ipids had been extracted from these humic substances, it can 
be supposed that fatty acids which appeared in the oxidation products were 
bonded to these humic substances.o The dicarboxylic acids were presumed to be 
derived from oxidation of C=C 1 inkages.o 

TABLE 5 
Compound identified as persulfate and permanganate oxidation products of the 
humic .acid-like.fraction-from·theraws·and.mature.S~GD·andCR compostso 

Compounds 

Monocarboxylic fatty acids 
Oicarboxylic fatty acids 
Phtha1ates 
Di and tribenzenecarboxylic acids 
1.4 diethyl piperidinol 

P.ersu1fate 

+ 

1,3,5 - trimethyl - 2,4,6 hexahydrotriazine + 

Methoxy benzoic acid + 

Di and trimethoxy benzoic acids 
P hydroxy acids 
Benzoic acid 
Ethoxy pentanoic acid 
Methyl benzoate 

+ 

+ 

+ 

+ 

Permanganate 

+ 

+ 

+ 

+ 

+ 



When the humic fractions were degraded with pottasium permanganate, all 

the materi al (except ashes) was removed .• The .chromatograms of the products of 

oxidation with permanganate were near1y identica1 for the four samp1es 

studied .• The most abundant compounds iso1ated after permanganate degradation 

were a1iphatic dicarboxy1ic acids (C5 to C12 ), probab1y derived from the 

a1iphatic part of the humic structure, straight chain fatty acids (C9), 

lhtha1 ates, benzoi c acid, and probab1y sorne branched dicarboxy1 i c acids as 

Re 11 as traces of di and tri -benzenecarboxyl i c aci ds (Tab 1 e 5 L The 

~-hydroxyacids iso1ated in the products of the persu1fate oxidation were not 

observed probab1y because they were oxidized to diacid by the permanganat~. 

These oxidative degradation rnethods did not demonstrate any difference 

between the humic fractions from the raw and mature compost. 

CONCLUSIONS 

There was a degradation of 1ipids during composting and maturation 

process whi ch was more i ntense in the CR compost than in the S-GD compost .• 

lipidic fractions did not show qua1itative changes due to composting .. 

However quantitative differences could be observed between the 1ipidic 

fractions from raw and mature compost, main1y in the high molecul ar weight 

alkanes series. 

Elemental ana1ysis and FTIR spectra showed that the humic acid-like 

fraction of the compost studied had a clear aliphatic character corresponding 

to a newly formed humic substance. Ouring composting, a sl ight i ncrease of 

the proportion of aromatic compounds as well as an increase of the carboxy1 

and carbonyl group content and degradation of carbohydrates were observe~. In 

the humic fraction from mature S-GD compost degradation of N-compounds 

(amides) was also observed. 

Gas chromatograms of the products of the persulfate and permanganate 

oxidation of the humic fractions from the four compost studied did not show 

differences due to composting, probably because these methods might be too 

drastic for the study of 10w transformed materia1s. 
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