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Humic substances

A novel model of humin
E. Lichtfouse
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Laboratoire Sols et Environnement, INRA/ENSAIA-INPL, 2 avenue de la Forét de Haye, 54505 Vandceuvre-Lés-Nancy, France

Our poor knowledge of the structure and forma-
tion of humic substances stems from the lack of
suitable tools which enable the study of the
molecular structure of these complex, yellow-
brownish materials. Here, several findings using
a combination of isotopic, pyrolytic, microscopic

and gas chromatographic methods lead to the
proposal of a novel model of humin structure.
The formation of humin should thus involve at
least three processes: selective preservation of
microbial, straight-chain biopolymers; physical

encapsulation of apolar substances by weak
forces; and chemical binding by covalent bonds.

Unexpected 3C/*2C ratios

In 1995, while analysing various plant and crop soil ma
rials, we were surprised to find out that soil humus is off
enriched in carbon 13 relative to plant matter [1]. This w
rather unexpected because the intense biodegradatio
plant debris in soils should have led to the selective pre
vation of the most resistant:C-depleted lignin and lipid
parts of the plant. We therefore proposed two alternai
explanations for the occurrence®&t-enriched humus. First,
our results fit well with the recondensation mechanis
involving condensation of small molecules such as am
acids and sugars [2], which are indéé&@d-enriched relative
to the bulk plant carbon. A such pathway has been nic
evidenced in 1917 by Maillard who compared synthetic ¢
natural humic substances [2]. Second, since highly resist
aliphatic biopolymers have been recently discovered
microbes and sediments [3], we suspected the occurrenc
such biopolymers in soils. Indeed, soil microbes feeding
B3C-enriched amino acids and sugars should biosynthe
13C-enriched biopolymers. Therefore, several analytic
means were used to probe for such aliphatic biopolymer
soils, as described below.

Resistant straight-chain biopolymers

In order to test the biopolymer hypothesis, we watched ci
fully a sample of HF-treated humin by transmission electi
microscopy. Resistant aliphatic biopolymer showing typic
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very thin laminae (25um thick) were indeed present [4],
thus strengthening the biopolymer hypothesis. Further pyrol-
ysis of humin followed by gas chromatography coupled to
mass spectrometry (GC-MS) revealed the occurrence of
C,—C,, linear alkanes and alkene doublets [5,6] which are
typical breakdown products of aliphatic biopolymers [3].
Therefore, a part of soil organic matter is indeed composed
of straight-chain biopolymers (Fig. 1).

Encapsulated plant wax alkanes

On the other hand, we were puzzled by the additional occur-
rence in the humin pyrolysate of long-chaip~C;; linear
alkanes with the typical plant wax fingerprint [5]. Indeed,
since such compounds are not formed by pyrolytic cleavage,
and since they are still present in the pyrolysate despite pre-
extraction of the soil sample and of the humin, they must
somehow have been encapsulated in the humin matrix by

Bound phytol

Encapsulated n-alkane

pyr

o= |
Y,

Bound sterol

Resistant aliphatic biopolymer

Figure 1. Model of humin explaining the stabilization of soil
organic matter 1) by encapsulation of small polar molecules
(physical sequestration), 2) by binding of functionalized bio-
markers (chemical sequestration), and 3) by selective preserva-
tion of aliphatic biopolymers.
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non-covalent bonds [7]. However, to confirm this hypothe-model

Humic substances

(Fig. 1) have been unambiguously identified.

sis, we had to find another way to distinguish “free” soil-Moreover, the model does not show links between two or
extractable substances [8,9] from their humin-bound coummore molecules because, to my best knowledge, such struc-
terparts. At this point, we thought that trapped moleculetures have not been identified. Further work at the molecu-

should be older than their free counterparts because encagr

level is in progress to unravel the humic puzzle.

sulation should induce the temporary storage of organic suBpecifically, the knowledge of bonding forces occurring in
stances. Having previously set up a way to calculate the rdlumic substances is a prerequiste to understand the fate of
ative age and turnover of soil molecules by maize labellingenobiotics in soils, waters and sediments [15].

[9,10], we measured thé&C/2C ratio of plant-derived
C,—C;; linear alkanes both from the soil extract and from
the humin pyrolysate. As predicted, the isotopic composition
were significantly different, yielding for examp&3C val-

ues [11] of —28.1 %o for the free;Calkane and —29.7 %o

for the humin-bound homologue [7]. A such difference 1.
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