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Abstract

An investigation was made of the influence of alkaline extraction on the characteristics of humic substances extracted from Brazilian soil
samples. Humic substances (HS) from seven different soils samples collected in Brazil were extracted using the procedure recommended by
the International Humic Substances Society (IHSS). Soils, HS and humins were characterized by thermogravimetry and differential thermal
analysis. About 8 mg of each material (soil, HS and humin) were placed in a platinum crucible and heated continuously from“ZDdb 750
a heating rate of 10C min~! in an atmosphere of synthetic air (100 ml mih A thermal analysis revealed a difference between the content
and structural characteristics of organic matter present in HS and humin fractions in relation to their soils. The results indicated that alkaline
extraction alters the characteristics of humic substances during the extraction process, underlining the importance of developing methodologies
and analytical procedures that allow organic matter in soils to be studied without extracting it.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction (HS) are important because their structure governs the prop-
erties and reactions of these materials in the environment. For
The main fraction of organic matter contained in soils, decades, the chemical structure of humic substances has been
peat, sediment and natural water consists of humic sub-investigated using several techniques, particularly infrared
stances (HS), which are comprised of a complex mixture of and UV-visible spectroscopy, nuclear magnetic resonance,
physically heterogeneous substances, with different sizes andspin electron resonance, fluorescence and PY—CG-MS to
molecular weights and a large number of functional groups gain a better understanding of the structure of humic mat-
containing oxygerj1,2]. Due to their structural characteris- ter[5-8].
tics, HS control several physical and chemical properties of  The structural, chemical and functional properties of HS
soil, e.g., stability of aggregates, buffering capacity, sorption can be studied in detail in the free state, i.e., when free of inor-
of hydrophobic organic compounds and transport, bioavail- ganic componentg},9]. Therefore, several procedures have
ability and complexation of metals presentin the environment been proposed in the literature for the extraction of HS us-
[3,4]. Investigations of the structure of humic substances ing alkaline solvents, chelating agents, organic solvents and
aqueous saline solutiofil0—12]. Alkaline solvents were the
* Corresponding author. Tel.: +55 15 32383414; fax: +55 15 32282466, €arliest reagents used for extracting HS and remain the most
E-mail addressahrosa@sorocaba.unesp.br (A.H. Rosa). efficient and widely use{B-10]. The International Humic
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Substances Society (IHSS) recommends a standard proce- 7200 60°W 48°W 36°W
dure based on a 4h treatment with 0.1 mofLNaOH at
room temperature in and\atmospher§l0,13,14]. After this
period of alkaline treatment, the soluble alkali extract is oper-
ationally defined as a humic substance (HS) and can be sepa-
rated from the residue (humin), which is composed of organic
matter linked with mineral pha$@]. However, this procedure
has been criticized in the literature because the alkaline ex-
traction can promote some structural alterations in the HS, in
particular, auto-oxidation and other chemical modifications,
including the breakdown of humic macromolecules and con-
densation of amino-carbonyf8,10].

In the field of environmental chemistry it is very impor- 2408
tant that the results obtained in laboratories can be used to
shed light on environmental processes. Thus, itis crucialthat o e 1200 km
HS not be altered during their extraction. In this work, differ- Scale
ential thermal analysis and thermogravimetry were used to
study the influence of alkaline extraction on the characteris- Fio 1. Sol e collection sites in BrezikSanta Maria (RS) S8
tics of organic matter present in seven different soil samples G'ghgélvg's S(;n;;) :chai‘z'r:g S(lges;,ns:r?zzigléira%m:retin(as(ln), ;iaf:;‘;
collected in Brazil. Differential thermal analysis (DTA) and  grange (MS), § Manaus (AM) and $ Boa Vista (RO)).
thermogravimetry were chosen for this study because they
are interesting techniques for studies involving the charac-
terization of organic matter in soils, and because they allow
for analyses of original samples without chemical treatment,
which is an indispensable characteristic for the type of study
proposed here.

0°s

12°8

sieved material were extracted with a volume of 0.1 ol L
HCI solution equal to 10 times the weight of the sample.
The pH of the solution was adjusted between 1 and 2 us-
ing 1.0mol L HCI solution. The soil/HCI mixture was

shaken for 1 h and the suspension was allowed to settle.

The mixture was then centrifuged at 14%§ for 10 min,

and the supernatant separated from the sediment. The lat-

ter was neutralized with 1.0 mof! NaOH solution at pH

7.0 and a volume of 0.1 molt! NaOH solution equal to

10 times the weight of the sample. The mixture was shaken
S for 4 h under a nitrogen atmosphere and then allowed to set-
tle overnight, after which the soluble supernatant (HS) was
separated from the insoluble sediment (humin) by centrifu-
gation at 1478 g for 10 min. HS and humin were dried
at 55°C in an oven equipped with an exhaust system un-
til they reached a constant weight. The percentage of ex-
tracted HS was calculated in relation to the mass of soil sub-
jectedto extraction (5.0 g), while the percentage of humin was
calculated by subtracting the percentage of HS from 100%
(Table 2).

2. Experimental
2.1. Chemicals and reagents

Diluted acids and bases required to isolate the H
were prepared by diluting 30% hydrochloric acid solution
(p.a. Merck AG, Darmstadt/Germany) and sodium hydrox-
ide monohydrate (p.a. Merck AG), respectively, with high
purity water (Millipore-Q system, Millipore GmbH, Es-
chborn/Germany).

2.2. Collection of samples

The soil samples were collected from soil surfaces
(0—20cm) in different regions of Brazil. The collection sites
are depicted irFig. 1. The dried soil samples were ground 2.4. Differential thermal analysis (DTA) and
and passed through a 2mm sieve. The fertility of the soil thermogravimetry (TG)
samples (Ca, K, Mg, P, S, CEC) was characterized using the
methodology described by Raij et §1.5]. The atomic ra- The intact soil, extracted HS and humin (residue from the
tios of C/N were calculated after determining the carbon and alkaline extraction of the HS) samples were ground with a
nitrogen using a Perkin-Elmer 240 — C elemental analyzer. mortar and pestle and sieved through a 70 mesh (0.2 mm)
Table llists the physico-chemical characteristics of the soil sieve to homogenize them and increase their surface area.

samples. For the DTA and TG analysis, about 8 mg of each material
(soil, HS and humin) were placed in a platinum crucible and
2.3. Humic substances and humin extraction heated continuously from 20 to 75Q at a heating rate of

10°Cmin~1 in a synthetic air atmosphere (100 ml mi).
The humic substances were extracted according to theThe DTA and TG curves were recorded simultaneous us-
procedure recommended 1jy,10-12]. Five grams of the ing a TA Instruments STA-2960 Simultaneous DTA-TGA
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Table 1
Physico-chemical characteristics of soil samples
Samples Location pH K Ca Mg H+Al CEC C (%) N (%) Atomic
(mmolL™Y)  (mmolL™) (mmolL™1) (mmolL™1) (mmolL™Y) ratio, C/N
Si 29°68S,5380W 4.6 75 75 20 44 146 35.63:1.50 4.68:0.46 9.0
S 29°08S,5r32W 6.5 55 354 30 11 401 37.86:0.55 2.80t0.08 15.8
S 25°02S,4793W 4.7 13.1 121 35 80 249 34.48:0.14 1.99-0.02 20.2
Sy 21°10S,4748W 4.1 1.5 56 14 179 251 2324 153 1.93:0.10 14.1
S5 20028S,5437W 51 7.0 143 29 52 231 39.62:0.15 6.65£0.29 6.9
Ss 3°10S, 6007W 4.0 0.7 6 1 47 55 34.29+0.06 7.24+0.02 55
S 2°49N, 60°39W 43 1.1 82 11 216 310 55.26:0.37 2.32:0.02 27.8

S;: soil from Santa Maria; 8 soil from Bento Gongalves;sSsoil from llha de Canaia; S;: soil from Ribeio Preto; §: soil from Campo Grande;eSsoil
from Manaus; $: soil from Boa Vista; H + Al: potential acid; CEC: cationic exchange capability.

thermoanalyzer. Weight losses were calculated from the TGis obtained as humin fraction complexed with mineral col-
curves (all the TG curves were normalized to the samples’ loids. Thus, the sum of the organic matter in the extracted
mass). fractions (HS and humin) should be approximately equal to

that in the original soil. Based on this assumption, we used

3. Results and discussion 25

3.1. Thermogravimetry 2.01-

The literature contains various reports on the thermal be- 50
havior of soils, HS and humind6—-20]. Thermoanalytical
techniques (TG/DTA, DSC and PY—-CG-MS) are extremely
useful in studies of these materials, allowing for analyses of
their thermal behavior without requiring their extraction.
Using TG/DTAand PY—-MS, Leinweber and Schuli28]
associated the thermal decomposition of compounds present™ 0.0+
in soils with temperature, observing that, as a rule, phenolic L
compounds and lignin monomers undergo thermal degrada- st t 1« 1+ 1 .+ 1 .1 .1
tion between 300 and 45, while alkylaromatics and lignin 0 100 200 300 T“/OSC 500 600 700 800
dimers degrade at temperatures ranging from 500 t6¢650
Sheppard and Forger¢h6] found that the thermal degrada-  Fig. 2. DTA curves of soil, humin and humic substances from Santa Maria.
tion of carbohydrates occurs at temperatures of up t&¢' 850 Conditions: sample mass 8.7329 mg, platinum crucible, synthetic air atmo-
During the alkaline extraction of soils, part of the organic SPhere 100mLmin, heating temperature 40750 at 10°C min*.
matter is extracted in the form of HS, while another part

1.0
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Temperature difference /°C

2.5

Table 2 i
Mass and percentage of humic substances and humin from different soil %)
samples collected in Brazil %
Samples Mass extracted (g) Percentage in relation to mass of %

soil subjected to extraction (%) E
HS 0.6750 13.50 E
HS, 0.5595 11.19 5
HSs 0.7880 15.76 ©
HSy 2.2115 44.23 g
HSs 0.6435 12.87 5
HSs 1.1220 22.44 =
HS? 0.9325 18.65
Hl 4.3250 86.50 x i . 1 . I " bl s 1 s 1 . L .
Ha 4.4405 88.81 0% 100 200 800 400 500 600 700 800
Hs 4.2120 84.24 T/°C
Ha 2.7885 55.77
Hs 4.3565 87.13

Fig. 3. DTA curves of soil, humin and humic substances from Bento
He 3.8780 77.56 Gongalves. Conditions: sample mass 8.7329 mg, platinum crucible, syn-
H7 4.0675 81.35 thetic air atmosphere 100 mL ik, heating temperature 40-750 at
HS;_7=humic substances from;SS;; H1_7=humin from S-S;. 10°Cmin~1,
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Fig. 4. DTA curves of soil, humin and humic substances from CaiaarConditions: sample mass 8.7329 mg, platinum crucible, synthetic air atmosphere
100 mL mirr%, heating temperature 40750 at 10°C min™,

thermogravimetry to determine the organic mass of the frac-
tions (HS and humin) and to compare the results with soils. _
To this end, the data were treated as follows: 50 -

(1) The TG curves of soils, humin and HS were normalized
to the same initial mass (8.73293 mg).

(2) The loss of organic matter from the soil, humin and HS
(Table 3) was determined based on atemperature interval
of 150-650°C. This interval of temperature was chosen
based on our DTA curves (Figs. 2—-8) and the literature
[16-18]. In addition, this interval of temperature mini-
mize the influence of the water content and the presence
of metal ions that could volatilize during heating, inter- ) '50 100 200 300 400 500 600 700 800
fering in the results obtained. T/°C

(3) The loss of organic matter from the samples of humins
and humic substances was corrected based on the per_Fig. 6. DTA c'u.rves of soil, humin and humic gubstance_s from Campo_
centage of exracted mass (Table ). For this purpose, 0%, C21Sens saapi mass 220 bt g eteer
the humin and HS mass loss was multiplied by the per-
centage of extracted mass. This mathematical treatment
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Fig. 5. DTA curves of soil, humin and humic substances from Rileir  Fig. 7. DTA curves of soil, humin and humic substances from Manaus. Con-
Preto. Conditions: sample mass 8.7329 mg, platinum crucible, synthetic air ditions: sample mass 8.7329 mg, platinum crucible, synthetic air atmosphere
atmosphere 100 mL mitt, heating temperature 40—750 at 10°C min~2. 100 mL mirr%, heating temperature 40750 at 10°C min—2.
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Table 3

Extraction influence and organic matter loss from soils, humin and humic substances as a function of temperature

Samples 150-350 mg 350-500 mg 500-650 mg Total mass (mg) El [%Hy + %HS]/Sx
%H; 0.4106 0.2602 0.0037 0.6745

%HS, 0.1318 0.1168 0.0367 0.2853

%H; + %HS, 0.5424 0.3770 0.0404 0.9598 9378
Si 0.6131 0.3411 0.0693 1.0235

%H, 0.8868 1.0805 0.1733 2.1406

%HS, 0.1075 0.1470 0.0553 0.3098

%H, + %HS, 0.9943 1.2275 0.2286 2.4504 85.19
S 1.5098 1.0806 0.286 2.8764

%Hs3 0.5690 0.5756 0.0938 1.2384

%HS; 0.1085 0.1252 0.0935 0.3272

%H3 + %HS; 0.6775 0.7008 0.1873 1.5656 75.01
S3 0.9959 0.9323 0.1590 2.0872

%Hy 0.2773 0.3214 0.0441 0.6428

%HS 0.3444 0.5904 0.1039 1.0387

%H4 + %HS, 0.6217 0.9118 0.1480 1.6815 98.94
Sy 0.5562 0.9976 0.1457 1.6995

%Hs 0.2732 0.3212 0.0518 0.6462

%HS 0.0960 0.1403 0.0370 0.2733

%Hs + %HSs 0.3692 0.4615 0.0888 0.9195 8234
S 0.5163 0.4923 0.1081 1.1167

%Hg 0.0498 0.0695 0.0444 0.1637

%HSs 0.1783 0.1807 0.0238 0.3828

%Hg + %HSs 0.2281 0.2502 0.0682 0.5465 76.87
S 0.2020 0.3729 0.1360 0.7109

%H; 0.7440 1.0859 0.2916 2.1215

%HS; 0.1304 0.3833 0.2055 0.7192

%H7 + %HS; 0.8744 1.4692 0.4971 2.8407 12958
Sy 0.8838 1.1118 0.1966 2.1922

%Hy, %HS, = mass loss considering the percentage of humin and humic substances extragtedp#a8ass loss; %kt %HS, = sum of organic matter loss
from humin and humic substances.

was required because, during the alkaline extraction, the equation:
organic matter concentrates in the HS fraction, and to [%H, + %HS]

study the distribution of organic matter from soil to HS El

and humin fractions, the mass balance must be consid- S

ered. where El is the extraction influence; %khe loss of
(4) The results of extracted organic matter present in humin organic matter from the humin fraction; %kifhe loss

and HS were compared with the original soils (Table 3) of organic matter from the humic substances fraction;

from which they had been taken, based on the following %S, the loss of organic matter from the soils.

25

20 -

Temperature difference /°C
5
T

0 100 200 300 400 500 600 700 800
T/°C

Fig. 8. DTA curves of soil, humin and humic substances from Boa Vista. Conditions: sample mass 8.7329 mg, platinum crucible, synthetic air atmosphere
100 mL mirr%, heating temperature 40790 at 10°C min—2,
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The EI (extraction influence) values indicate to what ex- studies of humic substances, leading to a more realistic un-
tent the organic matter present in the soils is altered during derstanding of environmental processes.
alkaline extraction. The El values close to 100 indicate little
alteration, while values far from 100 indicate greater alter-
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