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Abstract—The alteration of organic matter from three sod–podzolic soils in the course of the extraction of
watersoluble humic substances was studied by means of sizeexclusion chromatography using a combined
UV–DOC detector. A comparison of watersoluble humic substances with humic and fulvic acids extracted
from the same soils was carried out.
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The dissolved organic substances (DOSs) of soils
and, in particular, humic substances (HSs) of soil
solutions, are the least studied along the natural
humous component; this is related to the low concen
tration of organic carbon (OC) in the soil solution [4]
and also the complexity of the extraction of the water
soluble humic substances (WHSs). On the other hand,
there are continuous discussions about the existence of
humic acids (HAs) and fulvic acids (FAs) in actual soil
systems and whether these are the result of the hydrol
ysis of soil organic substances during alkali extraction
used for their separation [3].
The purpose of this work is to observe the molecu
lar weight changes that occur for the organic sub
stances from aqueous extracts of soils during the
extraction of watersoluble humic substances and
comparison of their properties with those of humic
and fulvic acids extracted from the same soils.
MATERIALS AND METHODS
Preparations of humic substances were extracted
from three soils with various states of cultivation: vir
gin sod–podzolic weakly soddy deeppodzolic
medium loamy on the limon under the forest (SSV;
pHaq 5.0, OC 4.3%), cultivated sod–podzolic
mediumtillable medium loamy weakly eroded on the
limon (SSC; pHaq 7.8, OC 1.5%), and arable sod–
podzolic deeptillable medium loamy (SSA; pHaq 7.3,
OC 3.8%).
Humic acids were extracted using standard proce
dures by extraction with 0.1 M NaOH with further
precipitation by acidification to pH 1–2 with 0.1 M
HCl [3]. Fulvic acids were obtained from the obtained
supernatant using the method in [6]. Preparations
were purified using electrodialysis. As a result, we

obtained three preparations of humic acids (HA–SSV,
HA–SSC, and HA–SSA) and fulvic acids (FA–SSV,
FA–SSC, and FA–SSA).
In order to separate the preparations of the water
soluble humic substances, a sample (1 kg) of the air
dried soil was passed through a sieve with a mesh size
of 1 mm and was placed in distilled water (2 l), thor
oughly shaken, and left overnight. The obtained water
extract was filtered through a Blue Ribbon paper filter
and membrane filter with a pore diameter of 0.45 µm
for the separation of the true dissolved organic sub
stances from the colloidal ones. The extraction was
carried out using 10 kg of each soil. Filtered extracts
were combined, acidified to pH 1–2 with 0.1 M HCl
and put through a glass column filled with Amberlite
XAD2 resin to precipitate watersoluble humic sub
stances (Fig. 1). The remaining procedures of their
elution from the column and further desalination were
analogous to those described for fulvic acids. At each
step the samples were taken for analysis by sizeexclu
sion chromatography to control for the changes that
were occurring in their solutions. As well, the concen
tration of organic carbon in the solutions was deter
mined using a Shimadzu 5000 TOC analyzer (Japan);
this made it possible to determine the contents of the
various fractions of dissolved organic substances in the
soils.
The molecular mass of the preparations of humic
substances was determined by sizeexclusion chroma
tography using the method from [8]. Their fraction
ation was performed on a column filled with Toyope
arlHW50(S) gel (Japan); polydextranes with known
molecular mass were used as calibrating substances.
The concentration of HAs in the samples analyzed was
1–2 mg OC/l; phosphate buffer served as the mobile
phase (0.028 M, pH 6.8), the rate of elution was
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Soil + Distilled water
Filtration through a Blue Ribbon paper filter

Aqueous extract
Filtration through a 0.45 µm membrane filter

Dissolved organic substances
Acidification to pH 2 with 0.1 M HCl

Dissolved organic substances, pH2
Precipitation on Amberlite XAD2 resin,
washing of Cl−, desorption by 0.1 M NaOH,
purification by electrodialysis

Watersoluble humic substances
Fig. 1. Scheme of the extraction of watersoluble humic substances in soils.

1 ml/min. Registration of HAs on the column exit was
performed by the content of organic carbon in the
elute using a flow detector (Graentzel, Germany) and
by absorption by the elute at 254 nm with a UV detec
tor. On the basis of the obtained gel chromatograms

the molecular mass (MM) of the preparations of
humic substances was calculated in the peak (Mp) and
the average weight molecular mass (Mw) was calcu
lated using the GelTreat program [5].
RESULTS AND DISCUSSION
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Fig. 2. Gel chromatograms of the preparations of soil
organic substances (based on the example of SSA of a soil):
the solid line is UV detection and the dashed line is detec
tion by OC.

Control of the changes that took place in the dis
solved soil organic substances at different stages of the
extraction of WHSs was performed using sizeexclu
sion chromatography. The simultaneous use of an OC
detector and UV absorption made it possible to moni
tor both the differences in the total pool of the water
soluble organic substances and in its humous compo
nent. Corresponding gel chromatograms are given in
Fig. 2.
On gel chromatograms of the aqueous extract of
the soil (Fig. 2) with detection by OC, two poorly
resolved peaks were detected at elution volumes Ve of
26 and 35 ml. The peak that corresponds to the frac
tion of organic substances with higher molecular mass
(17–42 kDa) was characterized by the near absence of
absorption at 254 nm. This confirms that substances
with the given exit volume were not related to humic
substances and were mainly represented by polysac
charides. The presence of a peak on gel chromato
grams with UV detection at Ve = 35 ml makes it possi
ble to relate the second peak (2–17 kDa) to humic
substances.
Filtration of the initial aqueous extract through a
0.45 µm membrane filter, which is usually used for the
separation of colloidal organic substances from true
dissolved ones, did not give rise to considerable
changes in the gel chromatograms. Assuming that the
concentration of organic carbon in the DOS solutions
was 90–93% of the concentration in aqueous extracts
it can be concluded that the content of the colloidal
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to the shift of the peak on the chromatogram to higher
elution volumes.

Table 1. The relative content of fractions with various
molecular masses in solutions of organic substances of SSA
for soils at different stages of the extraction of watersoluble
humic substances

An additional maximum (Ve = 48 ml) represents
the socalled “salt peak,” whose exit time coincides
with the exit of the phosphate buffer from the column.
This maximum is determined by the elution of low
molecular weight acids [7].

Relative content of the
fractions with various
Preparation of soil organic sub
molecular mass, %
stances
17–42 2–17 0.1–2
kDa
kDa
kDa
Aqueous extract
Dissolved organic substance
Dissolved organic substance, pH 2
Dissolved organic substance that
is nonsorbing on XAD2 resin
Watersoluble humic substances

17
19
19
34

78
77
65
38

5
4
16
28

5

83

12
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As seen from the gel chromatogram of the dissolved
organic substances that were nonsorbing on the
Amberlite XAD2 resin, the largest affinity to the sor
bent was that of the DOSs of the medium (humous)
peak. The relative area of the first and last peaks sub
stantially increased, while the medium peak
decreased. The weight parts of the fractions with vari
ous molecular masses for these gel chromatograms are
given in Table 1.
On the basis of these gel chromatograms, it can be
concluded that only the medium peak of the dissolved
organic substances with pH 2 (2–17 kDa) (Fig. 2) cor
responds to humic substances, since it has its absorp
tion at 254 nm and showed sorption on the XAD2
resin. In spite of the fact that the area of that peak is 65%
of the total content of the organic carbon (Table 1), it
can be suggested that the humic substances from the
aqueous extract were approximately 65% of the dis
solved organic substances. The analogous value for two
other soils was 49%. Thus, knowing the concentration
of the organic carbon in the solutions of the soil DOSs,
the content of the watersoluble humic substances in
the soils can be approximately determined. These val
ues were 43.0, 19.0, and 38.0 mg OC/kg soil for SSV,
SSC, and SSA, respectively.

organic substances was insubstantial. During acidifi
cation of DOSs to pH 2 (Fig. 2) the peak elution vol
ume of the “humic substances” increased from 35 to
38 ml. A second peak formed with an elution volume
of 48 ml, for which the absence of absorption at
254 nm is intrinsic. Two hypotheses can be suggested
for this phenomenon. The first involves the fact that in
the initial dissolved organic substances iron and alu
minum complexes with humic substances are present,
which are characterized by a minimum of complex
ation constants in the pH range of 1–3 [2]. Conse
quently, it can be suggested that with a decrease in pH
to 1–2, the breakdown of these complexes takes place,
resulting in a decrease in their molecular mass. The
second possible explanation is a considerable change
of the pH of the solution during acidification of DOSs;
this inevitably reflects on the results of chromato
graphic analysis due to nonexclusion effects, such as
sorption on a gel due to the protonation of the charge
of humic substances [8]. The mentioned processes led

The molecular masses in the peak and average
weight molecular masses of the organic substances at
different stages of the extraction of the watersoluble
humic substances from the soil solution for all the soils
under study are given in Table 2. The molecular masses
of humic and fulvic acids extracted from those soils are
also given.

Table 2. Molecular masses of peak (Mp) and averageweight molecular masses (Mw) of isolated WHS, HA, and FA prepa
rations
Preparation of organic
substances in the soil
Aqueous extract
Dissolved organic substance
Dissolved organic substance, pH2
Dissolved organic substance that
are nonsorbing on XAD2 resin
Watersoluble humic substances
Fulvic acids
Humic acids

Mp, kDa

Mw , kDa

SV

SSC

SSA

SSV

SSC

SSA

7.6
7.4
6.0
6.1

7.1
7.1
6.0
6.2

9.6
9.5
6.6
6.4

18.5
15.7
12.8
10.5

16.1
15.9
12.8
10.2

15.7
15.4
11.0
17.7

6.2
9.8
16.0

7.2
8.0
17.0

8.0
11.2
18.3

6.3
10.2
14.5

7.2
8.8
16.6

7.9
11.7
14.2

S

Note: Confidence interval of Mp and Mw was ±3%.
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The data in Table 2 show that with the transfer from
the solution of the aqueous extract to the dissolved
organic substance, a slight decrease in Mw takes place
due to the separation of the colloidal organic sub
stances. The position of the peak shifts slightly to lesser
values of molecular mass. During acidification of dis
solved organic substances to pH 2, the Mw of the
organic substances decreased by 3–4 kDa.
On the basis of the proximity of Mp values of the
isolated preparations of humic substances of the aque
ous extract and the lowmolecular weight (humous)
peak of the initial aqueous extract, it can be concluded
that method of extraction that was used in this work
makes it possible to obtain preparations of humic sub
stances that are similar to those that actually exist in
soil solutions.
The Mw values were 8.0–11.7 and 14.2–16.6 kDa
for the preparations of humic and fulvic acids, respec
tively (Table 2). These values correspond well to those
given in the literature for analogous preparations of
humic acids [1, 3]. For the samples of FA and HA
extracted from the same soil, higher values of Mw were
observed for the preparations of humic acids; this cor
responds to the data of other researchers [3]. On the
whole, the preparations of the humic substances can
be arranged in the following order according to the
increase of their Mw: WHS < FA < HA. As well, the Mw
values for fulvic and humic acids exceeded those for
watersoluble humic substances by 3 and 8 kDa on
average, respectively.
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