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Chemical Alteration of Humic Substances as revealed by Component Analysis
using Adsorption Chromatography

Koyo YONEBAYASHI
Faculty of Agriculture, Kyoto Prefectural University

Summary

To estimate the average chemical structure of humic acids, structural parameters were calculated from the
elemental and functional groups analysis and hydrogen distribution estimated by '"H-NMR ; carbon aromaticity
fa, hydrogen to carbon ratio in hypothetical unsubstituted aromatic material Hau/Cau, and number of aliphatic
substituent ng;. From the Hau/Cau value, condensation degree of aromatic ring was estimated. Number average
molecular weight of humic acids were measured by the vapor pressure osmometry. Consequently, Andisol humic
acids consist of a few structural subunits assumed to be condensed aromatic rings with short aliphatic
substituents and many carboxyl and carbonyl groups. Aquent and Ochrept humic acids consist of many
structural subunits assumed to be aromatic ring with relatively long aliphatic substituents.

Macroporous, nonionic Amberlite XAD-8 resin was used for fractionation of soil humic acids in order to
reduce their complexity. H*-saturated humic acid was adsorbed onto the resin at pH 3 and fractionated into
four components by stepwise elution using universal buffers adjusted to pH 7, to pH 11, water, and 509 ethanol.
The first components consists of a few structural subunits, assumed to be condensed aromatic rings with short
aliphatic substituents and many carboxyl groups. The second component was characterized by phenolic groups,
and the third by relatively long aliphatic chains. The fourth component consists of many structural subunits,
assumed to be aromatic rings with long aliphatic substituents. These components were termed as carboxylic,
phenolic, semi-aliphatic, and aliphatic components, respectively. Andisol humic acids contained abundant
amounts of carboxylic component. Aquatic sediment humic acids contained ample amount of aliphatic compo-
nents. Phenolic component was dominant in humic acids of tropical peats sublayer soils.

Component analysis could lead to a new way to estimate the humification processes of humic substances.
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Elemental composition of humic acids.
Atomic H/C vs. O/C. I, plankton;II, wood ;
I, lignin ; IV, peat ; V, brown coal ; VI, low
rank bituminous coal ; VI, medium rank bitu-
minous coal ; VI, high rank bituminous
coal ; IX, semi-anthracite ; X, anthracite. O,
Andisol ; &, Mollisol/Vertisol ; 0, Ochre-
pt; ®, Aquent ; A, Histosol ; ¥, Oxisol ; ®,
aquatic sediment.
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Table 1 Factor loading matrix after varimax rotation.

Variable Factor 1 Factor 2 Factor 3 Factor 4
E % -0.52 0.66 —0.47 0.09
alog K 0.19 —0.65 0.60 0.07
Carbon —0.68 0.21 —0.31 —0.56
Hydrogen 0.74 —0.52 0.36 —0.06
Nitrogen 0.92 —0.13 —=0.03 0.07
H/C ratio 0.77 —0.48 0.37 0.02
O/C ratio 0.07 0.02 0.31 0.82
N/C ratio 0.91 —0.12 0.04 0.08
Carboxy!l —0.04 0.84 —0.15 —0.04
Phenolic OH 0.02 —0.46 0.08 —0.10
Carbonyl —0.20 0.81 —0.16 0.00
Alcoholic OH 0.11 —0.19 0.89 0.07
a-CH;, a-CH, —0.52 0.34 0.21 —-0.27
B-CH,, p-CH 0.65 0.02 0.18 —0.55
Remote CH, 0.82 0.08 0.05 —0.43
OCH;-H 0.12 —0.74 0.11 0.34
Lactone-H —0.04 0.01 0.11 0.63
Aromatic-H —0.54 0.61 0.23 —0.21

Table 2 Number of various types of hydrogen and carbon par molecule.
(Hypothetical molecular weight ; 10000, SUS-1 ; Mollisol)
COOH C=0 PhOH Al-OH Lact. Aro. OCH: Ha HpB Hy Total

H 48 20 10 43 40 73 69 18 42 15 378

Cfun 48 20 23 91

c Cali 43 9 21 5 78

Car 48 40 10 43 73 23 9 246

Ceor 43

Average molecular structure parameters, equations
Hau/Ca=Car/(Car+Ccor) =246/ (246 +43) =0.85
n=(CB+Cy)/Ca+ 1=(21+5)/9 +1=3.9

fa=(Car+Ccor) /C= (246+43) /458 =0.63
o= (Car—Cyr,) /Car= (246 —73) /246 =0.70
Ccor=TC—Cfun—Cali—Car
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Table 3 Structural parameters of humic acids.

Soil Group Number fa Har/Car n

Andisol 10 0.59~0.75 0.62~0.89 1.4~13.1
Mollisol/Vertisol 6 0.52~0.69 0.74~1.01 2.5~10.1
Inceptisol (Ochrept) 5 0.45~0.51 0.95~1.15 4.1~ 6.4
Entisol (Aquent) 7 0.51~0.61 0.84~1.14 3.9~12.1
Histosol 3 0.58~0.62 0.84~0.93 3.8~ 8.9
aquatic sediment 8 0.35~0.48 12.9~19.4
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Fig. 2 Hypothetical average chemical structure of
humic acids. A, Aquent ; B, Andisol.

Table 4 Elemental and functional group compositions of the four components of Inceptisol and

Entisol humic acids.

Humic  Compo- ¢ H N 0 aE)/rrCl:ic ag/rgic >>>>>>>> fHI}_CRQE@Lgt?y;?f?éé?gglg_)_éiéaﬁs-
H [V [¢) 0, O, —

acid nent %6)%6) (%) (%) ratio ratio COOH =0 lic-OH lic-OH
A 49.0 3.8 2.9 44.3 0.93 0.68 4.2 6.6 0.8 4.6

Inceptisol B 50.0 4.5 3.4 42.1 1.08 0.63 4.0 5.4 1.2 4.3
C 53.4 5.1 3.4 38.1 1.15 0.54 3.2 3.8 1.1 1.3
D 58.1 6.6 3.5 31.8 1.36 0.40 2.5 1.3 0.5 5.5
A 48.3 3.9 4.1 43.7 0.96 0.68 4.2 5.0 0.7 1.7

Entisol B 51.4 4.1 4.3 40.2 0.97 0.59 3.7 ND 1.1 ND
D 55.9 6.2 4.5 33.4 1.33 0.45 2.2 1.7 0.6 5.9

Components A, B, C, and D were eluted with universal buffer adjusted to pH 7, to pH 11, water, and 50%

aqueous ethanol, respectively.
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Table 5 Proton distribution of the four components of Inceptisol and Entisol humic acids

Aromatic Lactone OCH;-H a-H £-H v-H
Humic acid  Component -H -H OH-H CH,,CH-H CH,,CH-H CH;-H
(%) (%) (%) (%) (%) (%)

A 65.5 12.0 13.0 3.2 2.9 3.4

. B 52.8 15.3 20.1 3.2 5.1 3.5
Inceptisol C 50.8 12.8 12.1 3.3 16.8 4.2
D 16.3 24.2 15.7 3.9 35.0 4.9

A 16.7 42.3 27.7 6.2 4.3 2.8

Entisol B 16.8 43.5 25.2 5.9 5.1 3.6
C 16.1 33.7 33.9 2.2 9.3 4.8

D 12.4 5.1 50.5 1.9 22.1 7.9

Components A, B, C, and D were eluted with universal buffer adjusted to pH 7, to pH 11, water, and 50%

aqueous ethanol, respectively.

The area of each peak in the "H-NMR spectra is given as the percentage of the total area of all the peaks in

the spectrum.

D Inceptisol-Ochrept- 44
A Histosol
u aquatic sediment .4

* tropical peat
sublayer

90 O Andisol
& Molllsol/Vertisol

a0 * Entisol —Aquent-

30

Components C+D
(%)

1‘; 2’0 3‘0 "D 5(’) 56 7(; 80 80
Component A { %)
Fig. 3 Distribution of soils in the triangular dia-
gram for humic acids components.
A, carboxylic; B, phenolic: C, semi-
aliphatic ; D, aliphatic component.
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