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Humic substances of permafrost sediments have been isolated using sequential resin-alkali extraction and 
investigated by the electron absorption and fl uorescence spectroscopy methods. The results of spectral analysis 
are presented in the form of diagrams of optical parameters, allowing humic fractions of diff erent degrees of 
chemical maturity to be identifi ed and changes in their state at thawing of sediments to be traced. 
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INTRODUCTION

Stable fractions of natural organic matter called 
humic substances (HS) are the result of biochemical 
transformation of organic remains and are present in 
all the biospheric objects. They regulate the processes 
of mass and energy exchange in land and water eco-
systems, ensuring their stable functioning. Due to 
extreme complexity of the structural organization of 
HS, their description is not yet available in strict 
chemical terms. In accordance with the general con-
cept, HS are a system of polyphenol polymers, inclu-
ding components of diff erent chemical maturity (the 
degree of humifi cation) – from labile poorly humifi ed 
compounds with a relatively simple aromatic struc-
ture to well-formed stable compounds with highly co-
njugated aromatic systems. HS are referred to a class 
of multifunctional polyelectrolites, where acidic 
func tional groups (carboxylic and phenolic) are de-
terminant. Concentration of the acid groups varies in 
the process of biochemical transformation of humic 
substances, thus aff ecting the character of their fi xa-
tion on the organomineral matrix and their behavior 
in the water medium. Depending on the degree of hu-
mifi cation, the components of HS act as material car-
riers of either accumulative or transport functions in 
biogeocenoses and have diff erent resistance to bio-
logical degradation [Kononova, 1963; Humic…, 1985, 
1989; Orlov, 1990; Stevensоn, 1994; Swift, 1999].

Over the recent decades, diff erent varieties of 
electron spectroscopy have been used to evaluate the 
chemical maturity of HS of natural and anthropogen-
ic origin. The essential advantage of this analysis 
techni que consists in minimal preparation of the 

specimens, relative aff ordability of the equipment and 
simplicity of its operation. Fractions of humic acids 
(HA) and of fulvic acids (FA) isolated under standard 
conditions serve as models of the humic material of 
diff erent degrees of chemical maturity. Precipitated 
in the acidic medium, HA include chemically mature 
forms enriched with highly conjugated aromatic 
structures, whereas FA, soluble over the entire range 
of рН, include poorly humifi ed components with a 
simpler aromatic structure [Bloom and Leenheer, 
1989; Senesi et al., 1991; Korshin et al., 1997; Abbt-
Braun and Frimmel, 1999; Milori et al., 2002; Chen et 
al., 2003; Del Vecchio and Blough, 2004; Domeizel et 
al., 2004; Shirshova et al., 2004, 2009, 2013; Fuentes et 
al., 2006; Birdwell and Engel, 2010].

It is rather problematic to defi ne the humic com-
ponents of different chemical maturity in terms of 
molecular fractions. Despite the long history of 
studying the molecular organization of HS, there is 
no consensus among the scientists regarding this sub-
ject. It has been shown in [Shirshova, 1991; Shirshova 
and Yermolaeva, 2001; Shirshova and Yermolaev, 2002] 
that: 1) In the water medium, HS are represented by 
complex microaggregates, capable of dissociating to a 
number of sub-units of diff erent sizes; 2) The isolated 
sub-units are also capable of dissociation – and so 
forth up to low-molecular components; 3) All the iso-
lated sub-units, including low-molecular ones, are 
subject to aggregation. As far as the HA and FA are 
concerned, low-molecular sub-units have been found 
in both fractions, which diff er by the conditions of ag-
gregation. The results obtained provide grounds to 
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believe that aggregation is a fundamental characteris-
tic of the humic material, and, depending on the con-
ditions, both poorly humifi ed and chemically mature 
forms may be its drivers. Due to the statistical char-
acter of the process, fragments of biomolecules and 
inorganic substances may become components of the 
humic aggregates. The aggregate structures of HS are 
dynamic forms, and their transformation caused by 
changes in the environment may be connected with 
release – conjugation of organic and inorganic com-
pounds. For northern territories, the freezing-thaw-
ing cycle is an important natural factor. 

In the previous studies, the HS of permafrost 
sediments by the methods of electron spectroscopy 
off ered a number of optical parameters to characterize 
the quantity and quality of the humic material; es-
sential diff erences between the parameters of HS ex-
tracted from freshly frozen and air-dry specimens of 
sediments have been ascertained [Shirshova et al., 
2009, 2013, 2015]. This study is focused on systema-
tization of the results of the study of humic substan-
ces by the methods of absorption and fl uorescence 
spectroscopy. 

OBJECTS AND METHODS

Specimens of permafrost sediments of the tundra 
zone of the eastern sector of Arctic were the object of 
this study (Table 1). The cryiolythological characte-
ristics of the sediments, a detailed description of the 
place and of the method of sampling and the condi-
tions of their storage are described in [Kunitsky, 1989; 
Kholodov et al., 2003; Gilichinsky et al., 2005]. Each 
specimen was divided into two parts: one part was 
kept in a freezing chamber and was designated as F 
(frozen); the other part was dried in air and was kept 
at room temperature during two months, was desig-
nated as T (thawed). The content of organic carbon 
(Сorg) in air-dry specimens of the sediments was de-
termined using a carbon express-analyzer AN-7529. 

Isolation of HS and their preparation
for analysis

Humic substances were isolated from sediment 
specimens by the method of sequential cation exchan-
ge-alkaline extraction, which was conducted in three 
steps [Shirshova et al., 2009]: 1) fi rst in distilled water 
with ion-exchange Nа+-sulfocationite (RSO3Na) the 
most mobile fraction of HS-S was extracted; 2) then, 
using the complex-forming Nа+-carboxylated cation 
exchanger (RCO2Na) – the fraction HS-C, closely 
conjugated with metal cations; 3) this was followed 
by treatment of the 0.1 М NaOH group to extract the 
free fraction HS-A, conjugated with organic compo-
nents, including large polymer complexes. Using the 
standard technique, the fractions HA-S, C and A and 
FA-S, C and A were isolated from each HS extract 
obtained. For comparison, the previously studied hu-

mic fractions were used: 1) HA and FA obtained from 
air-dry specimens of permafrost, modern soils and 
those of the aquatic origin [Shirshova et al., 2013, 
2015]; 2) HA isolated from the fractions HS-S, C and 
A after their additional centrifugal extraction at 
30000g during 1.5 hours (HAg-S, C and A) [Shirsho-
va et al., 2009]; 3) specimens of HA cleared from min-
eral admixtures (HA-C2, HA-A2), mineral and or-
ganic admixtures (HA-C3, HA-A3) [Shirshova et al., 
2006a].

Spectral analysis of the specimens
of the humic material

Spectrophotometric measurements were conduc-
ted using a HITACHI 557 spectrophotometer at 
room temperature using a quartz tray (1 cm × 1 cm). 
Using the method described in [Shirshova et al., 
2015], we determined the content of chromophoric 
humic material (CHS) in the sediments studied; in 
the solutions of initial extracts HS-S, HS-C and 
HS-A, optical density was measured at the wave-
length λ = 337 nm (A337, cm–1). The obtained opti-
cal density values were normalized to 1 g of the sedi-
ment specimen by multiplying it by the volume of the 
isolated extract of HS (mL) and by dividing it by the 
weight of the specimen (g) considering dry weight; 
the obtained values of CHS are represented in con-
ventional units (c.u./g): А337, cm–1·mL/g. 

The absorption spectra of humic fractions (HS-S, 
C and A and of HA-S, C, A and FA-S, C, A isola-
ted from them) were recorded in the range of 200–
600 nm; in recording the spectra, specimens of humic 
fractions prepared for fl uorescence analysis were used 
(see below). In the same specimens of humic frac-
tions, optical densities were measured separately at 
the wavelengths λ  =  254 and 436  nm; for each 
fraction, the ratio of optical density at λ = 254 nm to 
that at λ = 436 nm was calculated: А254/А436. 

The excitation and fl uorescence emission spectra of 
humic fractions were obtained using a HITACHI 850 
fl uorescence spectrophotometer. The measurements 
were conducted using a quartz tray (1 cm × 1 cm) at 
room temperature. The excitation spectra were 
recorded in the range of wavelengths of 200–550 nm, 
with the fluorescence emission wave length being 
λ em = 450 nm; the emission spectra we re recorded 
in the range of wavelengths λem  =  350–600  nm, 

Ta b l e  1. A characteristic of the permafrost
 sediment specimens studied

Specimen 
number Type of sediments  Corg, g/kg

1 Holocene QIV, peated loam 54.5
2 Late Pliocene QIII, loam 3.6
3 Late Pliocene–Early Pleistocene 

N2–QI, sandy loam
4.9

N o t e. Corg – the content of organic carbon.
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with the fluorescence emission wavelength being 
λexc = 337 nm. The optical density of the analyzed 
solutions at the wavelength of 337  nm was 
≤0.15 units, рН 7.5–8.0. A detailed description of the 
conditions of preparing the specimens for ana lysis 
and of the spectra recording regimen is shown in 
[Shirshova et al., 2009, 2013]. For each humic frac-
tion, the following fl uorescence parameters were cal-
culated: Ix254/Ix305 was the ratio between intensity in 
the fl uorescence excitation maximum in the range of 
244–260 nm and that in the range of 300–310 nm (in 
the absence of one of the maxima, intensity at the 
wavelength of λ = 254 and 305 nm, respectively, was 
measured); Feff  was the ratio between intensity in the 
fl uorescence emission maximum and the optical den-
sity of the analyzed solution at the wavelength of the 
fl uorescence excitation wave being λ = 337 nm. 

The relative standard deviation related to deter-
mination of the indicated optical parameters in three 
iterations did not exceed 6 %.

RESULTS AND DISCUSSION 

Shown in Figs. 1, 2 are the electron absorption 
and fl uorescence spectra of the HS, FA and HS frac-
tions isolated from sediments maximally diff erent by 
age: 1 (QIV) and 3 (N2–QI). The general view of the 
obtained spectra is typical of humic substances. At 
the same time, certain diff erences were observed in 
the spectra of the pairs HS (T) and HS (F) of each 
sediment (Fig. 1). One of the causes of that may be 
diff erent eff usion of the material of humic fractions 
from specimens T and F (Fig. 3) and the resulting dif-
ferences in the composition of the analyzed HS. In 
accordance with [Polubesova et al., 1994; Polubesova 
and Shirshova, 1997; Shirshova et al., 2006b, 2013, 
2015], the infl uence of thawed frozen sediment/soil 
specimens on the exctraction lability of the humic 
fractions depends on the character of the fi xation of 
the latter on the organomineral matrix, the duration 
of the frozen state and possible changes in the state of 
the humic material when analyzed under standard 
laboratory conditions. The most essential diff erences 
were observed o the spectra of the pair HS-S (T) and 
HS-S (F), which allowed the HS-S fraction to be 
considered as an indicator of the state of the humic 
materials contained in permafrost. 

Absorption spectra
The absorption spectra of HS fractions (Fig. 1, a) 

and of HA and FA isolated from them (Fig. 2, a) are 
represented by a smooth curve of decreasing intensity 
at transition from the ultraviolet (UV) region to the 
visible region of the spectrum with small maximum/
leverage in the shortwave range of the spectrum. To 
describe the absorption spectra of humic fractions, 
the ratio between the optical density at the wave-
length λ = 254 nm and that at λ = 436 nm (A254/A436) 

was used, tested in [Shirshova et al., 2006a]. The va-
lue of A254/A436 provides a qualitative estimate of the 
ratio of chromophores absorbing in the UV and in the 
visible regions of the spectrum. Absorption at the 
wavelength λ = 254 nm is related to the presence ov 
carboxyphenols, using the terminology proposed by 
[Bloom and Leenheer, 1989]. Intensive absorption in 
the UV-range (Fig. 2, а) characteristic of FA is ex-
plained by the fact that the poorly humifi ed compo-
nents composing them are enriched with carboxyl 
and phenol groups. Absorption at the wavelength 
λ = 436 nm is considered to be due to chromophores 
responsible for coloring of humic substances; in the 
chemically mature humic material their content is 
higher and/or they have a somewhat diff erent qua lity 
or chemical environment [Bloom and Leenheer, 1989; 
Korshin et al., 1997; Gjessing et al., 1998; Abbt-Braun 
and Frimmel, 1999; Del Vecchio and Blough, 2004; Do-
meizel et al., 2004; Fuentes et al., 2006]. 

Fluorescence excitation spectra
Fluorescence excitation spectra allow additional 

information to be obtained on chromophore and fl uo-
rophore groups as part of HS. Theoretically, fluo-
rescence excitation spectra are copies of absorption 
spectra of fl uorophores [Parker, 1972; MacCarthy and 
Rice, 1985; Bloom and Leenheer, 1989; Filippova et al., 
2001]. For the excitation spectra of the studied humic 
fractures (Fig. 1, b, 2, b), the presence of two peaks 
with maxima of about 254 nm (the range of 244–
260  nm) and about 305  nm (the range of 300–
310 nm). In the FA spectra, there is a clear maximum 
in the range of 305 nm, whereas in the HS spectrum, 
the main maximum is localized in the range of about 
254 nm. In the UV spectrum of the salycilic acid, 
which is used as a model carboxyphenol compound 
[Bloom and Leenheer, 1989], there are two peaks in 
the ranges of 230–242 and 296–306 nm; at ionization 
of the acid groups, the maximum is smoothened in the 
range of 230–242 nm and the peak is intensifi ed in 
the range of 296–306 nm. It is logical to presume that 
one of the causes of the observed diff erences in the 
fluorescence excitation spectra of FA and HA ob-
served in Fig. 2, b is the diff erence in the ionization 
degrees of functional acid groups. The fact that the 
fluorescence excitation spectra of decalcified HA 
specimens (the inset in Fig. 2) are close to the FA 
spectra for their shape suggests correctness of this hy-
pothesis. It is likely that removal of metal cations re-
sults in additional ionization of functional acid groups 
and/or their exposure on the surface of humic parti-
cles. Considering the above, the ratio between maxi-
mum/leverage intensity 254 nm in the region of 
305 nm in the fl uorescence excitation spectrum (the 
value Ix254/Ix305) may be used for the purpose of com-
parative evaluation of the ionization degree of func-
tional acid groups as parts of HS. 
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Fig. 1. Electronic spectra of humic substances extracted from specimens 1 and 3:
a – absorption spectra; b – spectra of fl uorescence excitation; c – spectra of fl uorescence emission. The humic substances were 
extracted stepwise using sulfonic acid resin (HS-S fraction), carboxylate resin (HS-C fraction) and 0.1 М NaOH (HS-A fraction). 
F– natural frozen specimens; T – thawed air-dry specimens kepte at positive temperature during two months. 
The wavelength, namely: the absorption wavelength λ (а), the excitation wavelength λexc (b) and the emission wavelength λem (c) 
fl uorescence wavelength. 
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Fluorescence emission spectra
The fl uorescence emission spectra of humic frac-

tions (Fig. 1, c, 2, c) have been discussed in detail be-
fore [Shirshova et al., 2013]. As a rule, the spectra of 

humic fractions consist of a wide structureless band 
in the range of 420–520 nm, FA fl uoresce most in-
tensely, and HA emit fl uorescence less intensely. In 
the spectra HS-S, HA-S and FA-S, sediments 3 

Fig. 2. Electronic spectra of humic acids (HA) and fulvic acids (FA) from specimens 1 (T) and 3 (T):
a – absorption spectra; b – spectra of fl uorescence excitation; c – spectra of fl uorescence emission. HA-S, С, А and FA-S, С, А were 
extracted from humic acid fractions extracted stepwise with sulfonic acid resin (HS-S), carboxylate resin (HS-C) and 0.1 М NaOH 
(HS-A). Inset: spectra of fl uorescence excitation of preparations HA-C2 and HA-A2, purifi ed from mineral admixtures. See the 
notations and explanations in Fig. 1 and in the text. 

Fig. 3. The content of chromophoric humic substances (CHS) in the permafrost sediment specimens.
See the notations in Fig. 1 and in the text.
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(N2–QI), fluorescence maxima are detected in the 
range of 382–398 nm. The observed blue shift of the 
band beyond the FA region indicates the presence of 
‘extra poorly humifiedʼ compounds in the specimen 
analyzed. The intensities in the fl uorescence emission 
maximum are used to determine the Feff  parameter, 
which characterizes the chemical maturity of the in-
vestigated humic fractions. 

Diagrams of optical parameters
To describe optical absorption and fl uorescence 

spectra, three parameters are used (А254/А436, 
Ix254/Ix305, Feff ), each of which displays specifi c infor-
mation about the structural organization of fumic 
fractions. Representation of the results of spectral 
analysis as diagrams of optical parameters contri-
bute to summarization of the information obtained. 
Fig. 4, a, b contains diagrams in А254/А436 and Feff  co-
ordinates for HS, FA and HA fractions from F and T 
specimens of the studied sediments. The use of optical 
parameters of HA and FA allows identifi cation of the 

distribution principle in the diagram of the humic 
components of diff erent chemical maturity. In accor-
dance with the positions of FA and HA fractions in 
the diagram field, four regions may be identified 
(Fig. 4, a): I – chemically mature HA; II – interim 
FA–HA-structures (the latter ones include HA with 
optical parameters close to those of of the adjacent 
FA); III – poorly humifi ed FA; diff use region IV of 
extra poorly humified components. As seen from 
Fig. 4, the scatter of the values of optical parameters 
increases in transition from region I to region IV. The 
narrowest region I includes the most transformed hu-
mic forms which have a similar molecular structure. 

Shown in Fig. 4, b are the diagrams of the optic 
parameters of HS fractions of the sediments studied. 
It is to be noted that the optical properties of HS are 
not a sum of the properties of HA and FA components 
[Shirshova et al., 2004]. No less important factors are 
the character of the bond group and the mutual loca-
tion of the HA- and FA components as part of the ini-
tial molecular structure. It is reasonable to investi-

Fig. 4. Diagrams of optical parametes:
a, b – in A254/A436 и Feff  coordinates; c – in Ix254/Ix305 and Feff  
coordinates. The inset corresponds to the diagram area with the 
values from 0 to 2.2 (the axis of abscissa) and from 5 to 9 (the 
axis of ordinates). The humic fractions were isolated from 
specimens 1–3. I–IV – area of localization of humic fractions of 
diff erent chemical maturity. See the notations in Fig. 1 and in 
the text.
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gate HS fractions, as their structure is closer to the 
native one, determining the behavior of humic mate-
rial under natural conditions. Contributing to this is 
the combination of the soft cationite-alkaline proce-
dure of isolation-fractioning of HS with the sensitive 
non-destructive method of electron spectroscopy. All 
the isolated HS fractions, including region I (the in-
set in Fig. 4, b), were diff erentiated in the fi eld of the 
diagram, which is a constructive advantage of the lat-
ter when the quality of each fraction is tested. As seen 
from Fig. 4, b, the most part of HS-C and HS-A from 
speciments F and T is located in the region of chemi-
cally mature forms (I). The optical properties of these 
fractions are close and change little in thawing of the 
original specimens. Essential diff erence between the 
HS of the studied sediments is found in the area of 
localization of the mobile HS-S. Here diff erences be-
tween the parameters of the pairs HS-S (T) and HS-S 
(F) are observed (they are connected with lines in 
Fig. 4, b, c). As a rule, in HS-S (F), the percentage of 
poorly humifi ed forms is higher than in HS-S (T), 
with extra poorly humifi ed components localized in 
region IV prevailing in the region of the HS-S (F) 
sediments 2 (QIII) and 3 (N2–QI). Under conditions 
of permafrost degradation, these mobile photophysi-
cally active organic compounds may get into conju-
gated aqueous ecosystems and aff ect the environmen-
tal conditions of the adjacent territories. The follow-
ing explanation has been offered for the observed 
phenomenon [Shirshova et al., 2013, 2015]. When 
sediments thaw, fi rst solution takes place, which is ac-
tivation of the least mature forms (of the FA-type, 
which are soluble both in the alkaline and acidic me-
dium). This is followed by their aggregation with 
subsequent formation-functioning of independent 
poorly humifi ed structures. In the long-term scale, 
dynamic equilibrium between aggregate structures 
formed on the basis of chemically mature and poorly 
humified forms, is shifted to the latter, with extra 
poorly humifi ed components isolated from them. As 
far as HS-C and HS-A, they are conjugated more 
closely on the organomineral matrix (complex com-
pounds with metals, ester groups). As a result, poorly 
humifi ed forms which are part of HS-C and HS-A, are 
less soluble than when they are part of HS-S, and, 
consequently, they are less apt to changes. In addi-
tion, the character of stabilization of humic macro ag-
gregates plays a signifi cant role due to poor interac-
tions in HS-S, HS-C and of the ester type in the 
HS-A fraction. Therefore, the spectral characte ristics 
and the behavior of the HS fractions of permafrost 
sediments much depend on the origin of the speci-
mens under study. For example, in HS-S (F) of the 
Holocene sediment 1 (QIV), only a trend for the 
growth of the value of А254/А436 is noted, compared 
to that in HS-S (T). Insigifi cant increase in HS-S (T) 
of the value of Feff  seems to be related to the change in 

the composition and/or condition of HS-S during 
standard preparation of the original specimen in the 
laboratory. It is likely that a longer stay in the frozen 
condition is required for poorly humifi ed forms to be-
come accumulated. The most essential diff erences be-
tween the parameters of the pairs HS (T) and HS (F) 
were recorded for sediment 2, where all the HS (F) 
fractions are localized in regions III–IV. A distinctive 
feature of this sediment is the low eff usion HS from 
specimen F (Fig. 3), which is characteristic of dis-
solved organic substances (DOS), the solubility of 
which essentially decreases as a result of freezing 
[Fellman et al., 2008; Shirshova et al., 2013]. Prevail-
ing in the composition of DOS are free humic com-
ponents, which are poorly diff erentiated by the forms 
of bonds on the organomineral matrix. As a result, 
HS-S, С and А fractions have little diff erence in terms 
of their optical parameters and bahavior. 

Shown in Fig. 4, c is the diagram in Ix254/Ix305 
and Feff  coordinates (due to a small amount of the ma-
terial of certain humic fractions, they are not present 
there). As expected, in general, the diagram looks like 
a mirror refl ection of the diagram А254/А436–Feff, the 
diff erences refer to the position of the HS fractions of 
sediment 2 (Fig. 4, a, b). In the diagram Ix254/Ix305–
Feff, the following regions may be identified: HA; 
HA–FA; FA, where HS-S of specimen 1 are localized; 
the region of extra poorly humified components, 
where HS-S of specimen 3 is located. In accordance 
with the position in the diagram fi eld of pairs HS-S 
(T) and HS-S (F), the latter are relative enriched 
with ionized carboxyl groups, which is typical of less 
mature humic structures. All this agrees with the re-
sults obtained in analyzing the diagram А254/А436–
Feff. As for specimen 2, then, judging by the value 
Ix254/Ix305, a certain part of the carboxyl groups as 
part of HS-S, С (F) is in a certain ‘bound’ state. As 
noted above, the presence of a large number of DOS 
is presupposed to exist in specimen 2. We can pre-
sume the free forms of HS as part of DOS to be sub-
ject to reverse ‘cryoaggregation’ with participation of 
carboxyl groups. It is possible to observe the optical 
properties of ‘cryoaggregates’ in the example of po-
tentially water-soluble HS-S and C fractions. Thus, 
the study of humic fractions with the diagram 
Ix254/Ix305–Feff allows evaluation of the functional 
qualities of the material analyzed. 

It follows from the obtained experimental data 
that the diagrams of the optical parameters of HS of 
permafrost sediments allow the specifi cs of the struc-
tural organization of conserved humic fractions and 
the extent of changes taking place in them at thawing 
of sediments to be evaluated. A question arises re-
garding applicability of the diagrams of optical pa-
rameters to the study of the condition of HS and of 
other objects. Shown in Fig. 5 are the optical parame-
ters of the fractions of FA and HA from air-dry speci-
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mens 1–3, as well as from those of permafrost sedi-
ments of diff erent origin and age, in modern and fossil 
(buried) soils of aqueous origin described in [Shir-
shova et al., 2006b, 2009, 2013, 2015]. The data from 
diff erent sources come to the same fi elds of the dia-
gram, allowing us to speak about the suitability of the 
latter to analysis of the condition of HS of any natu-
ral ecosystems.

The technique proposed is of an estimating na-
ture, and obtaining absolute values of optcal param-
eters, clear identifi cation of their localization on dia-
grams and detailed analysis of the identific humic 
fractions are the tasks of specialized studies. The posi-
tion on the fi eld of the diagram of HA cleared from 
mineral and organic admixtures, including poorly 
humifi ed fragments (Fig. 5, b), may serve as a refe-
rence point for chemically mature forms. For these 
specimens, the ratio of А254/А436 does not exceed 7, 
which may be assmed to be the characteristic value 
for chemically mature forms of region I. As seen from 
Fig. 4, a and Fig. 5, a, in the lower part of region I, 
there are ‘anomalous’ HA fractions with the ratio of 
А254/А436 being close to the value characteristic of 
FA. The phenomenon of ‘anomalous’ HA has been dis-
cussed in [Shirshova et al., 2009]. It has been shown 
that this is caused by inclusion of the humic material, 
which is easily separated in additional centrifugal ex-
traction of HS fractions and is enriched with frag-
ments of biomolecules and/or the products of their 
transformation. Considering our own and literature 
data, we determine the fraction sedimented during 
centrifugal extraction as that close to humin (humin-
like, HL). It is to be added that HL carbon is a sig-

nifi cant part (≥24 %) of the carbon of HS fractions 
from specimens of permafrost sediments and of mod-
ern frozen soil. Accumulation of ‘anomalous’ forms of 
HA was recorded also in a fi eld experiment on gras-
sing down of old arable land [Shirshova et al., 2004]. 
To compare with Fig. 5, a, in Fig. 5, b presented for 
one of the specimens are HA-S, С and А from crude 
fractions of HS and HAg-S, С and А, obtained after 
additional centrifugal extraction of the latter. The pa-
rameters of the Hag specimens go quite well into re-
gion I, whereas ‘anomalous’ HA, including the hu-
min-like fraction (Hl), was referred to region V. The 
absence of optical parameters of Gl as such in the dia-
gram is explained by intense opalescence of the solu-
tion of the isolated material of Hl with a tendency for 
sedimentation. The focus on a certain fi eld of the dia-
gram depends on the object of the study and on the 
task set. Thus, the proposed method of presenting the 
results of spectral analysis of HS as a diagram of opti-
cal parameters may be used for studying the condi-
tion of the humic material of natural and anthropo-
genic ecosystems.

CONCLUSIONS

Humic fractions of the organic matter of perma-
frost sediments were isolated using sequential cation 
exchange-alkaline extraction and investigated with 
the electron spectroscopy methods (absorption, exci-
tation and fl uorescence emission spectra). To describe 
each type of the spectrum, qualitative parameters 
were proposed, refl ecting the structural characteris-
tics of the investigated humic material. The results of 

Fig. 5. Diagrams of optical parametes in A254/A436 and Feff  coordinates.
а – HA and FA fractions obtained from diff erent sources (permafrost sediments, modern soils, DOS); b – HA fractions of diff erent 
degrees of purifi cation (HA were obtained in accordance with the method described, HAg are the same fractions after additional 
centrifugal extraction; HA-C2,3 and HA-А2,3 – specimens purifi ed from mineral admixtures (С2, А2) and from m ineral and or-
ganic (С3, А3) admixtures.  V – the area of localization of the humin-like fraction (Hl). See the notations in Fig. 1 and in the text.
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spectral analysis are presented as diagrams of optical 
parameters ensuring a summary of the information 
obtained. A number of regions were identifi ed in the 
fi eld of the diagrams, including components of diff e-
rent degrees of humifi cation from most transformed 
and chemically mature components to extra poorly 
humifi ed ones. It has been shown that the main diff e-
rences among the humic substances conserved in fro-
zen soils are focused on the area of poorly humifi ed 
forms, the optical characteristics of which change in 
the process of thawing of the sediments. 

The diagrams of optical parameters may be used 
for monitoring the condition of the humic substances 
contained in permafrost. 
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