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ABSTRACT 

A humic acid isolated from a brown soil (Typic Xerochrept) was characterized by 
analytical pyrolysis and chemical degradation reactions. On Curie-point pyrolysis at 610 °C 
the humic acid yielded pyrolysis products from polysaccharides, proteins and lignins. Fatty 
acids and aliphatic hydrocarbons were also released. Acid hydrolysis or persulphate oxidation 
of the humic acid released polysaccharides, proteins and to some extent lignins and fatty 
acids, leaving a residue that amounted to ca. 25-30% of the initial weight. Pyrolysis of the 
humic acid residues \indicated the abundant presence of homologous series of w-alkanes, 
n-alk-1-enes and a.w-alkadienes. The data suggest that lignin is not a significant contributor 
to the most resistant part of the humic acid. Other plant components, mainly highly aliphatic 
biopolymers encountered in plant cuticles and suberin, are probably a significant and 
resistant part of humic acids. 

Biopolymers; gas chromatography; humic acids; mass spectrometry; pyrolysis; soils. 

INTRODUCTION 

Humic substances, the major organic constituents of soils and recent 
sediments, are widely distributed over the earth's surface and occur in 
almost all terrestrial and aquatic environments. Soil humic substances arise 
from or are left over after the chemical and biological degradation of plants 
and animal residues by microorganisms. The products thus formed possess 
complex chemical structures that are more stable than the starting materials 
[1]. The humic substances are not well defined classes of organic com
pounds. Their distinction is based on differences in solubility in aqueous 
solutions at different pH levels. The major humic fractions are humic acid, 
fulvic acid and humin. 
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Since Archard first isolated humic acid from peat in 1786 [2], 200 years of 
chemical investigations of humic substances have been accomplished. In 
spite of this extensive research, the chemical nature of the humic substances 
is still unclear, and the (bio)chemistry of the formation of these substances is 
one of the least understood aspects of humus chemistry and one of the most 
intriguing [3]. 

Over the years, different origins have been proposed for the formation of 
humus in soils. However, only two of them are mainly accepted: The old 
and most classical theory, proposed by Waksman in 1932 [4], states that 
humic substances are derived from lignin. The polyphenol theory, currently 
accepted, states that quinones of lignin origin, together with those synthe
sized by microorganisms polymerize in the presence of amino compounds to 
form humic macromolecules [3]. 

Lignin building blocks have indeed been isolated from humic substances 
after application of degradative methods such as sodium amalgam reduction 
[5] and copper(II) oxide oxidation [1]. 

Waksman [4] assumed that humic acids are modified lignins. However, it 
is well known that lignins in soils or as substrates in cultures of micro
organisms suffer from extensive transformations such as demethoxylation 
and strong oxidation of the aliphatic side-chain [6]. Investigations have been 
carried out on the degradation of lignin by basidiomycetes and also on the 
enzymes involved in the process [7], and it is clear that some fungi, for 
instance Phanerochaete chrysosporium, degrade easily 60-70% of different 
types of woods [8]. 

In spite of the processes mentioned above for the origin of humic 
substances, these substances can be found in environments in which lignin is 
absent. Thus, humic acid is encountered in a sediment of a Greenland lake, 
where cyanobacteria are the main organisms [9]. Also, in cold areas, humus 
is formed from mosses, which do not contain lignin. Stevenson [3] has 
reported that in the Great Plains of the U.S.A., peat-like deposits of lichen 
origin have been described. Accordingly, in the light of current investiga
tions it is difficult to accept the hypothesis of a humic matrix originating 
from lignin. 

This paper deals with the investigation of humic acids and their chem
ically degraded counterparts in order to gain more information about the 
structure of the humic acid and to reveal what role lignin plays in the 
process of humification. 

EXPERIMENTAL 

Data on the soil sample used, the chemical characteristics of the humic 
acid isolated and the analytical pyrolysis technique have been reported 
previously [10]. Briefly, the samples were suspended in methanol. One 
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droplet of the suspension (10-20 jtig of sample) was applied to a ferromag
netic wire with a Curie temperature of 610 °C. The temperature rise time 
was about 0.15 s and the wire was held at the end temperature for 10 s. 

The pyrolysis-gas chromatographic-mass spectrometric (Py-GC-MS) 
analyses were carried out using a pyrolysis unit previously described [10]. 
The pyrolysis products were separated on a fused silica column (28 m x 0.5 
mm I.D.) coated with CP-Sil 5 (1.25 jum film thickness) held at 0 ° C for 5 
min and subsequently programmed to 300 ° C at a rate of 5 ° C/min. Helium 
was used as the carrier gas at a rate of 1.6 ml/min. The chromatograph 
(Varian Model 3200) was coupled to a Varian-MAT 44 quadrupole mass 
spectrometer operated in the electron impact (El) mode at 80 eV and with a 
cycle time of 2 s. 

Humic acid was hydrolysed for 24 h with 6 M HC1 in sealed tubes at 
105 °C. Persulphate oxidation has been described elsewhere [11]. Briefly, 200 
mg of sample were mixed with 50 ml of 5% potassium persulphate and 
heated for 2 h at 140 °C in a bomb. The bomb was cooled and the residual 
humic acid was washed several times with distilled water, dried and weighed. 

The extraction of the humic acid fractions with hexane was repeated ten 
times (sonication for 5 min). The solvent was removed using a rotary 
evaporator and the residue was dissolved in ethyl acetate and chromato-
graphed with a Carlo Erba Fractovap 4160 gas chromatograph equipped 
with a CP-Sil 5 fused-silica column (25 m X 0.5 mm I.D.), programmed from 
130 to 330 °C at a rate of 4° C/min. 

RESULTS AND DISCUSSION 

The pyrolysis of humic acid at a Curie temperature of 610 °C yielded a 
complex chromatogram (Fig. 1). An extensive description of the pyrolysis 
products encountered in different humic fractions, including this humic acid, 
has been given elsewhere [10]. Therefore, only a few significant 
pyrolysis/evaporation compounds were selected in order to characterize the 
changes in the humic acid after chemical degradation (Table 1). Some of the 
compounds included in the group "Others", although not significant enough 
to reveal structural changes, are interesting as they have not previously been 
reported in humic acids. 

Fig. 1 indicates that polysaccharide, protein and lignin pyrolysis products 
and also evaporation products (mainly lipids) are present in the humic acid. 
Other identified compounds were series of alkylbenzenes ( Q - Q o ) , al-
kylnaphthalenes (C1-C4), fatty acids (C10-C27), fatty acid methyl esters 
(C12-C30) and a few aromatic hydrocarbons such as acenaphthene and 
several indenes. In addition, a homologous series of «-alkanes and M-alk-
1-enes from C5 to C35 was identified. Most of these compounds were 
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Fig. 1. Py-GC trace of humic acid. Curie temperature, 610 ° C. For identification of peaks see 
Table 1. Lines and numbers underneath the trace represent positions of n-alkanes. The 
number corresponds to the carbon atoms. 

reported previously in a pyrolysate of this humic acid obtained at a Curie 
temperature of 510 °C [10]. 

Most of the pyrolysis products obtained from the humic acid originate 
from well defined structures, such as polysaccharides and proteins, sub
stances which can be removed by acid hydrolysis. To investigate further the 
structure of the resistant part of the humic acid, the humic acid was treated 
with 6 M HCl and subsequently extracted. About 60% of the humic acid (by 
weight) was removed by this acid treatment. 

TABLE 1 
A selection of characteristic pyrolysis products derived from humic acids 

Polysaccharides 
Pi Levoglucosenone 
P2 Levogalactosan 
P3 Levomannosan 
P4 Levoglucosan 

Lignins 
L, Guaiacol 
L2 Vinylphenol 
L3Vinylguaiacol 
L 4 2,6-Dimethoxyphenol 

Proteins 
N, Pyrrole 
N 2 Pyridine 
N3 Benzonitrile 
N 4 Indole 

Aromatics 
A, Benzene 
A i Toluene 
A 3 Phenol 
A 4 o-Cresol 

Fatty acids 
F,CM 
F2C16 
F3 Cig 
F4 C20 

Others 
Oj Prist-1-ene 
0 2 y-Tocopherol 
0 3 24-Ethylcholestadiene 
0 4 a-Tocopherol 
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Fig. 2. (a) Py-GC trace of residual humic acid after 6 M HC1 hydrolysis. Curie temperature, 
610 ° C. (b) Py-GC trace of residual humic acid after persulphate oxidation. Curie tempera
ture, 610° C. 

The chromatogram of the pyrolysate of the residual humic acid obtained 
at a Curie temperature of 610 °C (Fig. 2a) displays a relatively simple 
picture, as the pyrolysis products from polysaccharides and proteins are no 
longer present and the ligrun pyrolysis products are drastically reduced. As 
these biopolymers yielded low-molecular-weight structures on pyrolysis, 
their removal resulted in the absence of pyrolysis products at the beginning 
of the chromatogram. This chromatogram is dominated by homologous 
series of M-alkanes, /i-alk-l-enes, a,w-alkadienes and fatty acids. To assess 
the stability of the residue left after acid hydrolysis, two more acid treat
ments were performed. The weight loss was an additional 10% of the total 
weight, which means that 30% of the total humic acid is resistant to 
extensive acid hydrolysis. The chromatogram of the pyrolysate of the 
residual humic acid after the three subsequent hydrolyses is basically the 
same as that obtained after the first acid treatment, which suggests that the 
non-hydrolysable part of the humic acid is resistant and not prone to further 
degradation. 

The untreated humic acid was also subjected to persulphate oxidation. 
This relatively mild oxidation appears to be less drastic than a per
manganate oxidation [11]. The residue after persulphate oxidation amounted 
25%. The chromatogram of the pyrolysate of the residual humic acid is 
shown in Fig. 2b. The trace shows basically the same compounds as those 
obtained for the acid-hydrolysed humic acid, indicating that the most 
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Fig. 3. (a) Py-GC trace of residual humic acid after 6 M HC1 hydrolysis. Curie temperature, 
358 °C. (b) Py-GC trace of residual humic acid after persulphate oxidation. Curie tempera
ture, 358° C. Ph denote dialkyl phthalates. 

resistant parts of the humic acid after either acid hydrolysis or mild 
oxidation are similar. This stable part of the humic acid structure on 
pyrolysis yields mainly homologous series of aliphatic hydrocarbons. Similar 
results were obtained for two other types of humic acid from entirely 
different soils [12], indicating that these alkane/alkene series are common in 
pyrolysates of soil humic acids. 

The relatively large amounts of C16 and C18 fatty acid and the C29 and 
C31 n-alkanes were thought to reflect adsorbed matter. To demonstrate this, 
the residual humic acid after acid hydrolysis and the residue after per
sulphate oxidation were analysed at a Curie temperature of 358 °C. It has 
recently been reported that "pyrolysis" at this temperature may be an 
alternative to solvent extraction of rock samples [13]. Here, we selected this 
Curie temperature mainly to evaporate the volatile components present in 
the humic acid. 

Fig. 3a and b show the chromatograms of both residual humic acids. It is 
apparent that the two traces are similar qualitatively. The evaporate is 
composed of fatty acids, n-alkanes and a few dialkylphthalates, compounds 
obviously adsorbed to the humic acid. Therefore, the residual humic acids 
were exhaustively extracted with hexane. The chromatogram of the hexane 
extract of the persulphate-oxidized humic acid is shown in Fig. 4. The 
chromatogram obtained from the acid-hydrolysed humic acid was similar. 
Fatty acids up to C32, n-alkanes up to C35 and three dialkyl phthalates were 
identified. 
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Fig. 4. GC trace of the hexane extract of residual humic acid after persulphate oxidation. 

Fig. 5a and b show chromatograms of pyrolysates of the hexane-extracted 
residual humic acids. They were subjected to pyrolysis at a Curie tempera
ture of 770 °C, so that they could be compared with chromatograms 
reported in the literature for a cuticle biopolymer [14]. 

The chromatograms of these extracted residual humic acids are greatly 
dominated by the homologous series of aliphatic hydrocarbons. The fatty 
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Fig. 5. (a) Py-GC trace of residual humic acid after 6 M HCl hydrolysis and hexane 
extraction (ten times). Curie temperature, 770 °C. (b) Py-GC trace of residual humic acid 
after persulphate oxidation and hexane extraction (ten times). Curie temperature, 770 ° C. 
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TABLE 2 
Main classes of pyrolysis or evaporation products identified from acid-hydrolysed or per
sulphate-oxidized humic acids 

Classes of compounds 
Alkanes 
Alk-1-enes 
or.to-Alkadienes 
Acyclic isoprenoids 

Phenols 

Alkylbenzenes 

Alkylnaphthalenes 
PAHs 

Lignins 

Fatty acids 
Dialkyl phthalates 

Range/compound 

C,-C3 5 

C2-C35 
C14-C28 
Prist-1-ene 
Prist-2-ene 
Phytadiene 
Phenol 
Cresols 
Vinylphenol 
Ci -C 1 0 
Benzene and toluene are abundant 
compounds (+ + + ) 

c,-c4 (Methyl)indenes 
Acenaphthene 
(Methyl)fluorenes 
(Methyl)anthracenes 
Fluoranthene 
(Alkyl)guaiacols 
2,6-Dimethoxyphenol 
Cio-C 2 8 

c,-c4 

Abundance 
+ + + 
+ + + 
+ 
+ + + 
+ + 
+ 
+ + + 
+ + 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

TABLE 3 
Plant components identified in soil humic substances (10,12,15) 

Components Origin Presence 
a- and y-Tocopherol 
Pristenes 

Phytadienes 

24-Ethylcholestadiene 
Terpenoids 

Lignin 

New biopolymer from 
plant cuticles and 
suberin 

Plants, algae 
Pyrolysis ; products 
of tocopherols 
Pyrolysis ; products 
of chlorophylls 
Plants 
Plants 

Plants 

Plants 

Pyrolysate of humic acid 
Pyrolysates of humic acid, 
humin and hymatomelanic acid 
Pyrolysates of humic acid 

Pyrolysate of humic acid 
Pyrolysates of humin and 
hymatomelanic acids 
Pyrolysates of all humic 
fractions 
Pyrolysates of humic acid, 
fulvic acid and humin 
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acids and the C29 and C31 «-alkanes are reduced in comparison with the 
unextracted samples. The lignin pyrolysis products are very minor com
pounds. Table 2 indicates the nature of the pyrolysis products obtained for 
the extracted residual humic acids and their relative abundances. 

Because of the striking resemblance between the extracted residual humic 
acids and the biopolymer encountered in plant cuticles, it is concluded that 
a large part of the most resistant (non-hydrolysed by acid, non-oxidized by 
persulphate) humic acid is made up of aliphatic components, probably 
representing the "polyethylene" moiety of a biopolymer, which has been 
isolated from several recent plant cuticles [14]. 

This highly aliphatic biopolymer has also been noted in suberin fractions 
of plants. In this and other studies [10] many plant components other than 
lignin have been identified by analytical pyrolysis in humic acids (Table 3), 
thus emphasizing the importance of these other plant components in the 
formation of humic acid. A possible origin of the most resistant part of 
humic acids from plant cuticles and suberin seems likely. 

CONCLUSIONS 

(1) Humic acids may be formed by different chemical and biochemical 
processes, in which many high- and low-molecular-weight plant components 
are involved. 

(2) The role of the lignin in the formation of humic substances seems to 
be overestimated. Lignin and degraded lignins may be coextracted with 
humic acids or may be linked to humic acid substances, but they do not 
contribute significantly to the resistant part of the humic acids. 

(3) Other more resistant plant components, such as the highly aliphatic 
biopolymer present in plant cuticles and suberin, could represent important 
moieties of the humic acid structure. 
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