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ABSTRACT

Humic acids were extracted from different composts and have been
characterized by chemical and speciroscopic methods. Meaningful differences in the
composition were revealed by UV, Visible and IR spectroscopigs. The obtained data
showed that carbon, hydrogen and nitrogen of the studied humic acids were slightly
affected by the source of the humic acids, indicating thal these humic acids appeared
to be closely related structurally. However, the C/H and O/H values for Yan-HA were
higher than the cther humic acids. This could indicate that this humic acid is more
humified and in a more candensed state. The UV and Visible specira of the isclated
humic acids exhibiled the same trend showing ne minimum or maximum absorption,
San-HA and Enz-HA have the lowest value of Eo/Eg ratio indicaling a higher degree of
aromatic condensation and low aliphatic structure. The IR spectra of the studied
humic acids indicated that, there was a broad similarity among the different humic
acids studied. The intensities of the absorption band vary slightly from one lo ather.
They differ mainly in the ratios of the number of functional groups and the degree of
polymerization. On the other hand, humic acid extracted from sludge (Bos-HA)
contains the highest percentage of aliphatic carbon, associated with palysaccharides
structures.

Keywords: Compost, humic acids(HA), elemental analysis, UV& visible absarption,
IR spectroscopy.

INTRODUCTION

Humic substances and its composition are important diagnostic
criteria that reflect the nature and direction of the present soil formation
process. These materials arise from the chemical and biological degradation
of pfant and animal residues and from synthetic activities of microorganisms
(Schnitzer,1978). Humic  substances are  dark-coloured, acidic,
predominantly aromatic, hydrophilic, chemically complex and polyelectrolyte-
like materiais that range in molecular weights from a few hundreds to several
thousands (Stevenson,1982 and Soler Rovira e! al2002).The elementary
analysis of humic acids provides information on the distribution of carbon,
hydrogen, nitrogen and oxygen. Humic acid elemental composition is usually
in the range: C, 43.8t0 58.7%; H, 3.2t06.2%; N, 0.8t0 4.3% and O, 32.8to
38.3% (Schnitzer,1978). The O/H mole ratio for soil humic acids is usually
about 0.5, while the C/H mole ratio is approximately 1.0 {Steelink, 1985).
Taha (1991) and Abo El-fadl et al/{1992) reporied that humic acids are
chemically similar, but they different in molecular weight and ultimate
analysis.

The spectroscopic investigations of humic acids in the UV region
(200-400 nm) and visible region (400-80C nm) are important for botb the
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characterization and the determination of genetic differences as well as for
transition between the types of humic acids (Flaig et a/.,1975). In contrast to
the relativeiy few absorption bands observed it the UV and visible regions,
the infrared (IR) spectra of humic acids contain a variety of bands that are
diagnostic of specific molecular structures (Stevenson,1982) who stated that
IR spectroscopy is a valuable technique, hence it provides a key information
regarding the nature, reactivity, structural arrangement of oxygen- containing
functional groups and the occurrence of protein, carbohydrate constituents
and inorganic impurities (metal ions, clay) in the extracted humic acids. Aiso,
infrared (IR) analysis has contributed substantially to the knowledge of the
chemistry of humic acids (Schnitzer and Khan,1972 and Stevenson,1982).
The main objective of this work is to determine and discuss
comparatively the compositional, structural, and functional properties of the
humic acids isolated from different types of organic fertilizers (composts).

MATERIALS AND METHODS

Source of humic acids:

Humic acids were isolated from different organic fertilizers
(composts) used in the Kingdom of Saudi Arabia, namely: 1) Khaldia (animal
westes, Kha-HA); 2) Sanbest ( plant& animal residues, San-HA); 3) Yanbost (
plant residues, Yan-HA);, 4) Al-Knharj (Cow westes, Cow-HA); 5) Al-Enzy
(animal&plant residues, Enz-HA) and 6) Bostan( sludge wests, Bos-HA).
Some chemical properties of these composts are given in Table (1).

Extraction, purification and isolation of humic acids:

Humic acids were extracted from the different composts with 0.1M
NaOH solution {Kononova, 1966 and Taha, et al., 1993) using a sample:
extractant ratio of 1: 5. For each extraction step, the compost was shaken
mechanically with 0.1M NaQOH soiution for 3 h., and the suspension was
allowed to settle overnight, then the supernatant liquid was siphoned off,
followed by centrifugation at 10000 rpm for 15 min. to remove the suspended
materials. The combined alkaline extract was tnen acidifiea with HCi to pH=
1, left standing for 24 h to allow the complete precipitation of humic acid. The
acid soluble fraction, which represent fulvic acid, was discarded. The humic
acid precipitate was purified by dissolution in 0.1M NaOH. The suspension
was centrifuged, the residues were discarded, and the alkaline supernatant
was acidified with HC! to pH=1. The suspension was left standing for 24 h. at
reom temperature. The precipitated humic acid was then recovered with
distilled water, dialyzed until free of CI" ions, and freeze dried.

Elemental analysls of the isolated humic acids:

The elemental composition ( C, H, N ) were performed on a Perkin
Elmer C, H, N, 8/ 0 analyzer, series Il madel 2400. Oxygen was calculated
by subtracting of C% + H% + N% from 100 { Schnitzer, 1978).
Ultraviolet (UV) and Visible spectra:

Ultraviolet (UV) ( 200400 nm) and visible light (400- 800 nm)
spectra of the studied humic acids were carried out using a MILTON ROY
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Spectronic 1001 plus spectrophotometer, Solutions of sodium humates were
prepared by dissolving 2 mg of the purified humic acid in 10 mi of 0.05N
NaHCQ, solution according to the method of Chen el ai{1977). The ratio
between the absorbance at wavelengths of 465 and 665 nm, which is
conventionally indicated as EJEs, was measured on the same solutions of
sodium humates.

Infrared spectra {IR):

The infrared spectra ( 4000- 600 cm’ 'y were performed on KBr pellets
using a Perkin Eimer 883 IR spectrophotomater. Pellets were obtained by
accurately weighing 1 mg of humic acid and 300 mg of dry KBr. The mixiure
was finely milled, transferred inte a 132 mm die, and finally pressed under
vacuum at 10 tons for 1 min,

The resylting peliets were weighed again and dried under vacuum at
70°C { Schnitzer, 1978).

Table 1: Chemical analysis of the organic fertilizers ( composts).

% %% | % pm
Source | aisture| PH To NP ’T( Fe_[Cul Zn | Mn [PolCdINi[Go
Khaidia 4375  [8.70 28,87 1.68]0.63/1.89] 2800 [ 14 | 173]168]34] 2 [12] 4
12.50 | 7.38]14.58]0.78 [0.35(0.58] 9680 |28 |732232{84] 2 [16[12
st 29.63  [8.10[19.18]1.28 |0.46/0.66 11340286 506 | 226 [78| 2 [30] 4

j 10.20 8.29 [14.83[1.28[0.67[0.66] 6980 [150{458 11082 3 [36] 2
P73 8.44)11.94]0.20(0.14/0.72] 3320 | 8 | 64 | 44 [40]/ 4 [16] 4
35.42 7.44 3077[168_10_’:‘:8058 7060 [156]118] 68 [112{ 6 {32] 2
* pH was measured in 1:5 suspension.

RESULTS AND DISCUSSION

Elemental composition;

The efemental analysis of humic acids provides an useful inventory
of the distribution of the major elernents in the humic substances. Also, the
elenental analysis provides C/N, C/H and O/H ratios which give an indication
about the aromaticity, the aliphatic compounds contents and the degree of
oxidation (Drozd and Licznar,1983).

The elemental composition data of the isolated humic acids are
given in Table (2), showing the percentage of carbon, hydrogen, nitrogen and
oxygen, in addition o the elemental ratios (G/N, C/H and O/H ratios). Carbon
content ranged from 44.09% to 53.68%. The low carbon content in Enz-HA
and Yan-HA are very similar to typical values reported in the literature for
marine or lacustrine humic acids (Ishiwatari,1985),whereas the carbon
percentages obtained for Kha -HA. San-HA and Bos-HA fall within the range
typical of soil humic acids (50.3-54.8%) (Schnitzer,1977) obtained fram
widely differing environments. Hydrogen contents of these humic acids varied
between 4.16% and 6.38%. It is of interest to notice that Yan-HA had the
lowest percentage (4.16%) of hydrogen indicating more humification than the
other humic acids. On the other hand, all of the humic acids show a very high
nitrogen content (range from 4.01% to 7.63%) that is closed to the highest
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limit of the range usually found for humic acids( 2-7%) (Schnitzer,1985). This
particularly true for the humic acid obtained from Bostan fertilizer, which
showed the “highest percantage{ 7.63%). Oxygen ‘contents of the studied
humic acids varied between 34.76% and 46.48%.

Table (2) also show that the C/N ratios of the isolated humic acids
varied between 6.88 and 12.83. The ratios are much lower for the humic
acids extracted from Al-Kharj and Bostan fertilizers, respectively because of
their humic acids contain the highest percentages of nitrogen. These narrow
ratios would indicate that Kha -HA and Bos-HA may be in a mature state.
However, Visser {1964) stated that no constant change could be detected in
C/N ratio with the degree of humification, possibly owing to the nitrogen
content which depends on more factors than only the state of decomposition
or humification.

The C/H ratios of the isolated humic acids ranged from 0.67 to
0.95 where that of the San-HA and Yan-HA have the highest values (0.95
and 0.94, respectively), indicating that these humic acids in a high degree ot
humification. Gomah, et &/.(1978) and Kaloosh {1984) reported that C/H ratio
is usually considered to be parallel to the degree of condensation of aromatic
rings in the humic substances or to indicate the degree of humification.

The O/H ratios of the studied humic acids were found to vary
from 0.34 to 0.64, with the highest value for Yan-HA (0.64). This could
indicate that the process of oxidation and dehydrogenation appeared to
proceed more in this humic acid than the others. Kononova (1966) stated that
the increase in O/H ratio for the humic substances could indicate more
oxidation and humification of the molecule of humic acids. These data are in
harmony with those reported by Taha ( 1989 and 1991).

Table 2: Elemental composition and atomic and EJE, ratios of the

humic acids

- % Atomic ratio
SourceofHA | ¢ | w [ N | o | cN | cm | om | BoEe
aldia 53.68 | 540|565 3527 [ 1108 | 083 | 041 | 650
Sanbest 50.55 | 4.45 | 490 | 40.10 [ 1204 | 095 | 056 | 7.90
anbost . | 4681 14161634 ] 4259 ] 863 | 094 | 064 | 570
Al-Khar 4416 (44174914394 | 688 | 083 | 0.62 | 640
}-Enzy 4400 | 542 [ 401 | 4648 [ 1283 | 068 | 054 | 530
ostan 5123 16387633476 783 | 067 | 034 | 460

Absorption in the UV(200-400nm) and Visible{400-800nm) reglons:
Absorption in the UV and visible regions of the isclated humic
acids is due to presence of multiple bonds and to unshared electron pairs in
orcanic molecules {Schnitzer and Khan, 1972). As shown in Figs. {1&2),
humic acids, like many relatively high molecular weight materials, yield
generally uncharactenistic spectra. The absorption spectra of the studied
humic acids in the UV and visible regions are characterized by a monotonous
decrease of absorbance with increasing wavelength, showing no minimum or
maximum absorption. This could be due to the heterogeneity of molecular
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constituents found in the structure of humic acids such as phenoclic
compounds “and their oxidation products, amino acids and their codensation
products with phenols in. oxidizing medium {(Flaig,ef al 1975, Chen ef
al ,1977; Schnitzer, 1978, Lichszteld, 1983 and Taha,1991}. As indicated in
Figs (1&2), the absorbance decreases as the wavelength increases. Higher
absorbance at shorter wavelengths has been aftributed to increased

mobilities of electrons over aromatic carbon “nuclei” and over unsaturated
structures conjugated with these “nuclei” (Schnitzer and Khan, 1972).

As shown in Fig. {1}, it was observed that the spectra of the exiracted
humic acids in the UV region exhibited the same trend. However, there is a
slight maximum absorption is indicated in the 250 to 280 nm regions for Kha -
HA and Enz-HA, respectively and this may be related to the differences in
degree of humification (Stevenson, 1982).

200 250 aam RE ay

VWarsbeng th ()

Fig.(1) UV spectra of the isolated humic acids

It is also indicated from Fig.(2) that the absorbance of the studied
humic acids in the visible region were slightly affected by the source of the
humic acids and they exhibited the same trend showing no minimum or
maximum absorption. It was concluded that the similarity of humic acids
spectra, regardless of origin, method of extraction, and purification suggests
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that these .humic acids had similar basic structures. These findings are in
harmcay with those reperted by Kononova (1966) and Taha et af. (1993). In
tnis respect, Hayes and Swift (1978) assumed that humic materials contain
numerous chromophors whose absorption bands overlap throughout this

spectral

region and to absorb with growing intensity as the wavelength

decreases. Thus it is nof possible lo observe or measure one particular
chromophore or derive definitive information with regard to chemical

composition or structure.

it is, however, possible to utilize the general

features of the spectrum, namely the intensity of absorption and the gradient
of the spectrum.

o
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Fig.(2) Visible spectra of the isolated humic acids

The E,/Eq ratio:

The ratio of absorbance at 465 and 665 nm, referred to as the
EJ/Eg ratio, has heen widely used for characterization of humic acids. As
indicated in Table (2), the E4/Eq ratio for the exfracted humic acids ranges
from 46 to 79 This result agreed with the data reported by
Kononova({1968). In general, progressive humification and increased
condensation are indicated by a decrease in the Ei/Egratio (Kononova,
1966). Thus a low ratio may be indicative of a relatively high degree of
cordensation of aromatic constituents; a high ratio reflects a low degree of
arcmatic condensalion and infers the presence of more aliphatic structures
{Chen et al.1977). The results here could indicate a lower molecular weight
of San-HA as well as a higher content of carboxylic functionalities in this
humic acid than the others. The E/E; values obtained for the other humic
acics are close to those normally reported in the literature for soil humic
acids {Chen et al, 1977 and Deiana et al., 1990). However, an inverse
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relationship has been observed between the E,/Es ratio and the mean
residence time of humic materials; specifically, the humic material with the
highest E4/Es ratio had the lowest mean rgsidence time, indicating that the
more humified and highly condensed (aromatic) substances were of more
ancient origin {Stevenson, 1982}

Infrared spectra {IR):

Infrared spectra of humic substances exhibit a number of bands
that provides information about the nature, reactivity, structural arrangement
of oxygen-containing functional groups (Stevenson, 1982). The IR spectra of
the isolated. humic acids are shown in Fig. (3). The assignment of the main
recognizable absorption bands is given in Table (3). As indicated from the
Fig. (3), the isolated humic acids exhibit similar infrared absorption patterns,
with a few exceptions. The primary features of these spectra are the
following: (1) a common mtense broad band at about 3400cm™ (ranged
between 3318 and 3403 cm™), attributed to H-bonded OH, secondarily, to NH
stretching of various functional groups (Taha, 1991). The centers of this band
are seen to be different according to the differences in the hnmic acids
samples investigated. Also, it may be attributed to different amounts of
phenclic and/ ora[coholrcOH groups (Soler Rovira el ai., 2002) (2)a peak at
about 2925cm’ (ranged between 2925 and 2937 cm’), caused by the
stretching of aliphatic C-H groups whose intensity is much hlgher in the Bos-
HA.(3) a peak at about 1710cm ™ (ranged from 1710 to 1713cm™), caused by
C=0 stretching of various carbony! groups, including COOH groups, which is
more proneunced in San-HA; Yan-HA and Cow-HA and absent in the other
studied humic acids.(4) a commen strong band in the region 1641-1660cm™,
which is generally considered an envelope of a number of unresclved peaks
primarily because of C=C aromalic vibrations, C=0 stretching of amide
groups {amide | band), quinines and/or C=0 of H-bonded c¢onjugated of
ketones, and COQ svmmetric stretching. whrch is pronounced in all the
studied humlc acids.(5)a peak around 1540 crm’ (ranged between 1510cm™’
and1540cm™), preferentially ascribed to N-H deformation and C=N stretching
of amide ( amide Il band), which is very strong band in Kha HA and Enz-HA
and faint or absent shoulder in the other humic acids.{E) a peak around
1460cm”’ { ranged between 1450cm™ and 1461¢m™), attributed to aliphatic
C-H, which is very intense band in Kha-HA and Enz-HA but faint or absent
shoulder in the other humic acids.(7) a peak in the region 1412-1422cm™,
preferentially assigned to OH deformation and C-O stretching of phenolic
groups, which is more prongunced in Kha-HA, San-HA and Enz-HA and faint
or absent in the other humic acids.(8) a band in the region 1220 cm™'- 1267
cm’’, generally ascribed to C-O stretching and OH deformation of COOH
groups and C-O stretching of ethers and esters, which is more indicated in
all the studied hUI'I'IIC acids except for Cow-HA.(9) a peak in the range
between 1124cm” and 1127cm’’, possibly attributed to C-O of various
alcoholic and ether groups which is apparent in all the |solated humic acids
except for Yan-HA .(10) a peak in the region 1030 - 1034cm™ evident in all
the isolated humic acids, attributed to C-O stretching of polysaccharides-like
components and/or to Si-O of silicate impurities.
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Fig. (3). IR spectra of the isolated humic acids.

The IR results of the isolated humic acids confirm the compositional
analysis results by showing the existence of marked structural and functional
differences’between these humic acids.

In general, it could be said that the IR spectra of the studied humic
acids supports the interpretation that structure of these humic acids are rather
similar, at least in the constructure of the number of the internal “nucleus”.
They differ mainly in the ratios of the number of functional groups and the
degree of polymerization. These data are in good agreement with those
reported by Stevenson{1982); Amer(1986), AboEI-Fad! et a/.,(1992); Taha ef
al. {(1993) and Soler Rovira et al.(2002).

Tabie 3: Absorption bands in the IR spectra of humic acids.

Yave number (cm unctional group ]
18 - 340 H-bonded OR and N-H stretching
2925 - 2637 _aliphatic C-H stretching
1710- 1713 TIC=0 stretching__
“641 - 1660 —amides and aromatic G=( stretching
5 ?1;3 - 1540 lhl]:fl and gﬁl stretching of amide
1450 - 1401 % lghatu: -H bendin
1412 - 1422 eformation and C-O siretching
1220 - 1267 IC-O stretching and C-O stretching of ethers
1124 - 1127 O of aiccholic and ethers
[1030- 1034 -O stretching of polysaccharides
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