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Abstract—Cryogenic Curie-point pyrolysis-gas chromatography-mass spectrometry has been applied to 
investigate the chemical composition of organic matter present in soils. Two soil fulvic acid fractions, a 
so-called soil polysaccharide fraction and polymaleic acid were analyzed. The soil polysaccharide fraction 
contains almost exclusively polysaccharides with major building blocks glucose, mannose and galactose. 
The soil fulvic acid fractions contain varying amounts of polysaccharides, lignins and lipids. Polymaleic 
acid structures were virtually absent in the podzol fulvic acid and absent in other soil organic matter 
fractions, indicating that these structures, previously suggested to be present in soil fulvic acids, do not 
play an important role. 
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INTRODUCTION 

The extraction by means of base and acid is a widely 
used method in soil chemistry to fractionate organic 
matter. The major fractions thus obtained are label
led humic acids (soluble in base, insoluble in acid), 
fulvic acids (both base and acid soluble) and humins 
(base insoluble). 

Chemically spoken these fractions consist of well-
defined compounds such as polysaccharides, pro
teins, lipids, lignins (nonhumic materials) and less 
well-defined complex polymeric organic matter 
(humic materials). It is thought that this humic 
material is a random condensation product of 
monomeric and oligomeric compounds released 
from decaying plants and animals and microbial cell 
components (Haider el a/., 1975). 

In some cases it is possible, to some extent, to 
separate humin, humic, and fulvic acid fractions into 
humic and nonhumic components. For example, the 
so-called soil polysaccharide fraction is obtained 
from the fulvic acid fraction by adsorption on arti
ficial polymers such as polyvinyl pyrrolidone Polyclar 
AT (Acton era/. , 1963). 

The chemical nature of the humic components 
present in the humic acids, fulvic acids and humins 
have been investigated for about 100 years. Howev
er, it is still relatively unclear what the structural 
composition of these humic substances is. The major 
reason for this very likely is the difficult accessibility 
for chemical analysis due to the polymeric matrix. 

Many investigators have used chemical degrada
tion techniques in an attempt to overcome this 
problem (Schnitzer and Khan, 1972; Martin et a/., 
1974, 1981). However, difficulties are being experi-
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enced in finding suitable degradative reagents and 
conditions which allow the isolation of structurally 
meaningful organic molecules, because the degrada
tion reactions are either specific, resulting in low 
overall yields, or nonspecific, leaving uncertainty as 
to whether the products truly reflect the structure of 
the original material. 

To avoid the problems encountered in chemical 
degradative methods we applied analytical flash 
pyrolysis to a selection of carefully chosen soil 
organic matter fractions. In this paper we report 
about the data obtained by pyrolysis-gas chroma
tography-mass spectrometry (Py-GC-MS) of a so-
called soil polysaccharide, two fulvic acid fractions of 
different types of soils and polymaleic acid. This last 
sample was included in this study since recently some 
authors have considered polycarboxylic acids such as 
polymaleic acid as good model compounds for soil 
fulvic (Bracewell et al., 1980) and humic acids 
(Wilson era / . , 1983). 

EXPERIMENTAL 

Typic Xerochrept soil 

A brown soil, Typic Xerochrept according to the 
American Soil Taxonomy, was employed. The soil 
sample and the methods used for extraction and 
separation of the fulvic acid fraction have been 
described earlier (Saiz-Jimenez el ai, 1979). Briefly, 
the air-dried soil was extracted with a mixture of 0.1 
M Na 4P 20 7 and NaOH. The extract obtained after 
centrifugation was acidified with 0.1 N H O . The 
resulting fulvic acid fraction was separated by adsorp
tion on Polyclar AT into a soil polysaccharide and a 
purified fulvic acid fraction. The elemental composi
tion and the pyrolysis mass analyses of these fractions 
have been reported before. 
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Podzol soil Soil polysaccharide 

A podzol fulvic acid sample was kindly provided by 
Dr M. Schnitzer, Ottawa. The isolation and the 
chemical characteristics of this sample have been 
described elsewhere (Ogner and Schnitzer, 1971; 
Schnitzer. 1978). 

Polymaleic acid 

Polymaleic acid was prepared by the pyridine-
catalysed homopolymerization of maleic anhydride 
as described by Braun and Pomakis (1974). The 
obtained product was further purified by cation-
exchange resins (Amberlite IR 120, in H+ form). The 
elementary composition of the sample was: C 46%, 
H 4%, N 0.5%, O (by difference) 49.5%. 

Pyrolysis-gas chromatography-mass spectrometry 

The Py-GC-MS analyses were carried out using a 
pyrolysis unit similar to the one described by Meuze-
laar et al. (1975) modified for use at high tempera
tures (van de Meent et al., 1980). The Curie tempera
ture of the wires used was 510°C. The pyrolysis 
products were separated on a capillary glass WCOT 
column (28 m x 0.5 mm i.d.) coated with CP sil 5 
(1.25 (im film thickness) held at 0°C for 5 min and 
subsequently temperature programmed to 300°C at a 
rate of 5°C min"'. Helium was used as the carrier gas. 
The chromatograph (Varian Model 3200) was cou
pled to a Varian Mat 44 quadrupole mass spectro
meter operated in the El mode at 80 eV and with a 
cycle time of 2 s. 

RESULTS 

The reconstructed ion chromatogram traces of the 
pyrolysis mixture obtained from the soil polysacchar
ide, the two soil fulvic acids and the polymaleic acid 
are shown in Figs 1-4. The peak numbers in the 
figures correspond with the numbers mentioned in 
Table 1. 

Pyrolysis products were identified by comparison 
of their mass spectra with literature data and with 
standards when available. Further, Py-GC-MS data 
obtained for well-defined polymers like amylose,. 
cellulose, chitin, several proteins and peptides, and 
lignins allowed for a more detailed recognition of 
typical pyrolysis products (van der Kaaden et al., 
1983a,b. 1984; Saiz-Jimenez and de Leeuw, 1984; 
Boon et a/., in preparation). 

Due to the great complexity of the pyrolysis 
mixture not all the individual compounds present 
could be separated by gas chromatography, which 
sometimes hampered firm identifications. Some pro
ducts are tentatively identified on the base of mass 
spectrometric characteristics. In the Table 1 they are 
indicated with a question mark. 

The pyrogram of the fraction obtained from the 
Polyclar ATeluate. the soil polysaccharide (Fig. 1), 
is almost exclusively made up of pyrolysis products of 
polysaccharides. 

The major pyrolysis products encountered: furfu
ral (35), methylfurfural (48), 4-hydroxy-5,6-dihydro-
2-//-pyran-2-one (50), 4-hydroxy-6-methyl-5.6-
dihydro-2-H-pyran-2-one (55), levoglucosenone 
(71), 1,4-dideoxy-o-glycero-hex-l-enopyranos-3-
ulose (102), and levoglucosanes from galactose 
(109), mannose (113), and glucose (119) units, are 
well-known and considered to be very specific pyroly
sis products from polysaccharides. In addition, sever
al typical chitin pyrolysis products are present. 

Podzol fulvic acid 

The pyrogram of the podzol fulvic acid preparation 
(Fig. 2) mainly consists of pyrolysis products of 
polysaccharides, heavily oxidized lignin moieties and 
dialkyl phthalates. Major components are methylfur-
an (17), acetic acid (23), furfural (35), methylfurfural 
(48), levoglucosenone (71), characteristic polysac
charide pyrolysis products, and several dialkyl phtha
lates (124-127). Present also are lignin pyrolysis 
products such as guaiacol (70), vinyguaiacol (103), 
vanillin (108), acetoguaiacone (112), methyl vanil-
late (114) and vanillic acid (121). 

Typic Xerochrept fulvic acid 

The pyrogram of the purified acid sample (Fig. 3) 
shows as major peak phenol (51), guaiacol (70), 
vinylguaiacol (103) and a dialkyl phthalate (129). In 
addition, other conspicuous peaks correspond to 
methylfuran (17), benzene (22), toluene (31), furfu
ral (35), methylfurfural (48), methylguaiacol (92), 
catechol (97), 2-6-dimethoxyphenol (104), C14 and 
C|6 fatty acid (123, 132) and another dialkyl phtha
late (125). Therefore, as stated also for the podzol 
fulvic acid, this preparation is predominantly com
posed of polysaccharides with considerable amounts 
of lignin moieties. 

Polymaleic acid 

The pyrogram of polymaleic acid (Fig. 4) exhibits 
major peaks for male'c anhydride (33), 2,3-
dimethylmaleic anhydride (53), methyl hydrogen 
succinate (80), methyl hydrogen maleate (81), and an 
unknown compound, (105). 2-Cyclopenten-l-one 
(29), that has been reported by Bracewell etal. (1980) 
to be a major pyrolysis product of aliphatic polycar-
boxylic acids and polymaleic acid, was only present in 
trace amounts. Other pyrolysis products reported by 
Bracewell et al. (1980) for polymaleic acid, such as 
phenol and cresols, are not represent in our pyroly-
sate or are hardly distinguishable from the back
ground level. Fatty acids may arise from contamina
tion during the polymerization and/or purification 
process. 
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Fig. 1. Pyrogram of soil polysaccharide. 

Fig. 2. Pyrogram of podzol fulvtc acid. Underlined number indicates minor contribution to the peak. 



Fig. 4. Pyrogram of polymaleic acid. Underlined number indicates minor contribution to the peak. 



Table 1. Pyrolysis products from soil polysaccharide, soil fulvic acids and polymaleic acid 

Peak No. Compound Peak No. Compound 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

Carbon monoxide 
Carbon dioxide 
Methane 
Ethane 
Hydrogen sulphide 
Propene 
Propane 
Methanol 
Sulphur dioxide 
Chloromethane 
Methanelhiol 
Bromomethane 
Butene 
Acetone 
Ethanol 
Furan 
lodomethane 
Ethanethiol 
Pentadiene 
Cyclopentadiene 
2-Methylpropanal 
2.3-Butadione 
Pentanc 
2-Methylfuran 
3-Methytfuran 
3-Methylbutanal 
Hexene 
2-Methylbutanal 
Benzene 
Acetic acid 
Ethylfuran 
2.5-Dimethylfuran 
2.4-Dimcthylfuran 
2-Vinylfuran 
A'-Mcthylpyrrol 
2-Cyclopenten- 1-one 
2-Methylcyclopentanone 
Toluene 
Dihydvopyran ? 
Maleic anhydride 
3-Furaldehyde 
2-Furaldehyde 
Acetamide 
Benzylalcohol 
Furfuryalcohol 
Ethyl benzene 
3-Methylcyclopent-2-ene-l-one 
w-and/or /i-xylene 
Styrenc 
o-Xylene 
C-Alkylfuran 
Mcthylmaleic anhydride 
Cj-Alkylbenzene 
a-Angelica lactone 
5-Methyl-2-furaldehyde 
4-Oxo-pentanoic acid methyl ester 
4-Hydroxy-5,6-dihydro-2/7-pyran-2-one 
Phenol 
Ci-Alkylbenzene 
2,3-Dimethylmaleic anhydride 
2-Hydroxy-3-methyl-2-cyclopenten-l-one 
4-Hydroxy-6-methyl-5,6-dihydro-2//- pyran-2 
Dimethyl maleate 
Dimethyl succinate 
C r Alkylbenzene 
CvAlkylbenzene 
5-(2-Hydroxyethylidene)-2(5W)-furanone 
2.3.4-Hexanetrione 
2-Methylbutanoic acid methyl ester 
CvAlkylbenzene 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 

83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

■121 
122 
123 

one 124 
125 
126 
127 
128 
129 
130 
131 
132 
133 

3-Hydroxy-6-methyl-3,4-dihydro-2/V-pyran-2-one 
C4-Alkylbenzene 
C-Alkylbenzene 
C-Alky!benzene 
Furan derivative 
p-Cresol 
Guaiacol 
Levoglucosenone 
Methyl benzoate 
3-Hydroxy-6-methyl-2H-pyran-2-one 
3-Hydroxy-2-methyl-4//-pyran-4-one 
Chitin pyrolysis product 
CvAlkylmaleic anhydride 
Cj-Alkylbenzene 
C4-Alkylbenzene 
Ethyl methyl succinate 
Methyl hydrogen succinate 
Methyl hydrogen maleate 
2.3-Dthydro-3,5-dihydroxy-6-methyl-4//-pyran-4-

one 
C,-Alkylphenol 
Methylindene 
Cj-Alkylbenzene 
C-Alkylbenzene 
Benzoic acid 
Ci-Alkylbenzene 
Chitin pyrolysis product 
C4-Alkylbenzene 
Naphthalene 
Methylguaiacol 
l,4-3.6-Dianhydro-a-/>glucopyranose 
Methylnaphthalene 
QrAlkylmaleic anhydride ? 
Ethyl hydrogen succinate 
Catechol 
Vinylphenol 
Ethylguaiacol 
Chitin pyrolysis product 
Phthalic anhydride 
l,4-Dideoxy-/>glycero-hex-l-enopyranos-3-ulose 
Vinylguaiacol 
2.6-Dimethoxyphenol 
Unidentified 
Eugenol 
Methylphthalic anhydride 
Vanillin 
Levoglucosane (galactose) 
Methylphthalic anhydride 
rra/is-lsoeugenol 
Acetoguaiacone 
Levoglucosane (mannose) 
Methyl vanillate 
Ethyl-2,6-dimethoxyphenol 
(4-Hydroxy-3-methoxyphenyl)-propan-2-one 
Vinyl-2.6-dimethoxyphenol 
C,2 Fatty acid 
Levoglucosane (glucose) 
Chitin pyrolysis product 
Vanillic acid 
Acetosyringone 
C,4 Fatty acid 
DialkyI phthalate 
DialkyI phthalate 
DialkyI phthalate 
DialkyI phthalate 
C,5 Fatty acid 
DialkyI phthalate 
C1(, Fatty acid (branched) 
DialkyI phthalate 
C16 Fatty acid 
C, s Fatty acid 
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DISCUSSION 

The products obtained after pyrolysis of the soil 
polysaccharide fraction very clearly show that this 
fraction consists almost exclusively of polysacchar-
ides. Further, the soil polysaccharide fraction studied 
shows upon pyrolysis a similar pattern when com
pared with other well-defined plant polysaccharides 
(van der Kaaden et al.. 1983b). 

The average composition of polysaccharides in 
inorganic soils showed that glucose, galactose and 
mannose are the dominant neutral sugars (Cheshire. 
1977). It is noteworthy that the anhydrosugars from 
these units are clearly present in the pyrolysis pro
ducts mixture. In addition, chitin pyrolysis products 
(van der Kaaden et al.. 1984) were present. Amino 
sugars, which account for up to H)% or more of the 
soil nitrogen and often form 5% of isolated soil 
polysaccharide (Cheshire and Anderson. 1975) are of 
widespread occurrence as structural components in 
micro-organisms and animals, and these seem the 
likely source of the soil material. 

The obtained results show that Polyclar adsorption 
is an adequate method for isolating these polysacchar
ides. as already stated by Swincer el al. (1968) who 
reported that Polyclar proved to be the most useful of 
the materials tested for separating coloured materials 
from the polysaccharide in the fulvic acid solution. 
The question arises whether other so-called "soil 
polysaccharide'' preparations previously studied by 
pyrolysis-gas chromatography (Martin. 1977) and 
isolated by acetone precipitation from the fulvic acid 
solutions are indeed mainly polysaccharides. In this 
context Acton el al. (1963) reported that the acetone 
precipitated fractions, after treatment of fulvic acid 
solutions with acetone, designated as microbial gum, 
has serious limitations as an indicator of soil polysac
charides because it has a high noncarbohydrate 
content and is not representative of the total carbohy
drate constituents in soils. Further, the acetone 
soluble portion contained greater concentrations of 
polysaccharides than the precipitated gum portion. 

The products present after pyrolysis of the podzol 
fulvic acid fraction mainly consist of polysaccharides 
and lignins. with a considerable contribution of 
phthalates. This observation disagrees with some 
studies of podzol fulvic acid fractions reported in the 
literature (Anderson and Russell. 1976; Schnitzer, 
1978; Bracewell el al., 1980). In some papers it has 
been stated, based on chemical degradation data, 
that the aromaticity of podzol fulvic acid fraction is 
about 70% (Schnitzer, 1977, 1978). However, it 
cannot be excluded, in our opinion, that the use of 
drastic oxidative reagents result in a severe break
down of the nonaromatic moieties such as polysac
charides, resulting in a relative enrichment of aroma
tic structures. 

Our results are much more in agreement with those 
of Matcher el al. (1981) who found by CP-MAS '3C 
NMR analyses an aromaticity of 35% in podzol fulvic 
acid fraction. 

The presence of considerable amounts of dialkyl 
phthalates in this podzol fulvic acid is in agreement 
with the results of Ogner and Schnitzer (1970), who 
identified in this same preparation, after solvent 
extraction, several dialkyl phthalates. The origin of 
these phthalates. not shown in such high quantities in 
the other soil humic and nonhumic preparations (see 
Figs 1-4) is uncertain. Phthalates appear to be 
natural constituents of some plants and micro
organisms (Peakall. 1975) and have been reported in 
a wide variety of substrates over a wide geographic 
area. Also, they may interact with fulvic acids during 
the extraction and purification procedures (Ogner 
and Schnitzer. 1970). 

The pyrolysis products obtained from the Typic 
Xerochrept fulvic acid are mainly lignin and polysac
charide derivatives. Major differences with regard to 
podzol fulvic acid are the absence of aliphatic dicar-
boxylic acids and the minor amount of dialkyl 
phthalates. 

The pyrolysis products obtained after the pyrolysis 
of polymaleic acid are related with the starting 
monomer. They are mainly maleic anhydride deriva
tives and aliphatic dicarboxylic acids. Bracewell et al. 
(1980) found 2-cyclopenten-l-one and 2,3-dimethyl 
maleic anhydride as major pyrolysis products from 
polymaleic acid. However, in our preparation 2-
cyclopenten-1-one was a very minor pyrolysis pro
duct, maleic anhydride being the major one. 

Bracewell el al. (1980) have reported that polycar
boxylic and polymaleic acids can be regarded as 
mode] compounds for soil fulvic acids and water 
soluble soil organic polymers. Wilson et al. (1983) 
also consider that aliphatic polycarboxylic and poly
maleic acids are important components of terrestrial 
and freshwater humic acids. This resemblance is not 
supported by our pyrolysis data. In fact, the differ
ences among the pyrograms of polymaleic acid and 
the two soil fulvic acids are striking, and pyrolysis 
products directly derived from polycarboxylic and/or 
polymaleic acids represent a very minor part or are 
absent in fulvic acids. Also in our opinion, the short 
chain aliphatic dicarboxylic acids and their anhyd
rides present among the pyrolysis products of the 
podzol fulvic acid occur as such in the sample and 
may reflect metabolic products from plant origin 
and/or microbial activity. 

CONCLUSIONS 

(1) Pyrolysis-gas chromatography-mass spec-
trometry appears to be a powerful analysis technique 
to study the chemistry of soil organic materials, such 
as fulvic acids and polysaccharides. 

(2) Soil fulvic acids, including podzol fulvic acid 
and the so-called soil polysaccharide fractions, are 
made up of polysaccharide units or remains of these 
biopolymers. 

(3) In addition to polysaccharides, soil fulvic acids 
have varying contributions of lignins, dialkyl phtha
lates and fatty acids. 
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(4) A minor additional contribution of short chain 
aliphatic dicarboxylic acids and their anhydrides in 
the podzol fulvic acid pyrolysis mixture is observed. 
These compounds are thought to be present as such. 
or complexed by iron and aluminium in the so-called 
Bh horizon. 

(5) The origin of these dicarboxylic acids in the 
podzol fulvic acid is uncertain. However, the pre
sence of polymaleic acid-like structures, as suggested 
by Bracewell et al. (1980) and Wilson el at. (1983), 
seems unlikely in view of our results. A direct origin 
of the encountered dicarboxylic acids from metabol
ized higher plant constituents in these podzol soils is 
still a valid explanation for their presence as such. 

(6) The abundant presence of maleic anhydride on 
one side and the virtual absence of 2-cyclopenten-l-
one in our polymaleic acid pyrolysis mixture is in 
disagreement with Bracewell's data. Further inves
tigations are needed to verify these contradictory 
results. 
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