345/ Journal of Soil Research Vol. 39, No. 3, 2025

Publisher: Soil Science Society of Iran S Sl
. £ SR
Journal of Soil Research
il and Water Sci. B
(Soil and Water Sci.) @%’\,\Aif
https:// srjournal.areeo.ir/ * Rosearcn

Chemical and Structural Properties of Humic Acid Extracted from
Leonardites of Selected Mines in Kerman

Razieh Ahesteh?, Majid Hejazi-Mehrizi*®, Naser Boroomand?, Mehdi
Sarcheshmehpour?, and Majid Fekri?

2 Department of Soil Science, Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran.

Article Info

Extended Abstract

Avrticle Type
Research Article

Received

August 24, 2025
Revised

October 05, 2025
Accepted

October 26, 2025
Published online
December 20, 2025

Keywords

Humic acid,
Spectrophotometric ratio,
Elemental analysis,

coal washing

*Corresponding author's
email
mhejazi@uk.ac.ir

Background and Objectives: Leonardites display considerable diversity in their structural and

chemical properties, and a more detailed understanding of these characteristics can greatly
contribute to a better appreciation of their potential applications in agriculture. Leonardite
is a naturally oxidized mineral derived from lignite, distinguished by its high oxygen content
and elevated levels of humic acids (40-80%), and is recognized as a primary source for
humic acid (HA) extraction. The chemical structure of humic acid consists of aliphatic and
aromatic chains bearing various functional groups, notably carboxyl and phenolic groups.
These functional groups enable humic acid to interact effectively with metal ions and
organic compounds, thereby enhancing the chemical and biological properties of soil. There
is limited information regarding the chemical composition and humic acid extraction
potential of leonardite deposits from the Pabdana area (Zarand) as well as the waste
materials from the Zarand coal-washing plant. The present study was conducted to
thoroughly investigate these resources with the aim of identifying indigenous potentials for
the production of humic substances

Methodology: A total of 16 samples, including 13 leonardite; L1-L13 were collected from the

Goltoot coal mine, and 3 coal-washing waste samples; C1-C3 were collected from Zarand
coal washing factory. Fresh samples were air-dried, and their pH and electrical conductivity
(EC) were measured in a 1:20 solid-to-liquid ratio (w/w). Humic acid extraction followed
California Department of Food and Consumer Protection method (CDFA Method)
California method. Briefly, 10 g of sample (<75 um) was mixed with 0.1 M NaOH, agitated
for 24 hours, filtered, acidified to pH 1-2, washed, and subsequently dried. The percentage
of extracted HA was calculated as: (weight of extracted HA / weight of initial sample) x
100. An UV-Vis spectrophotometer was used to determine structural characteristic
including E4/E6, E3/E5, and E2/E3. Based on results, 6 samples (C1, L1, L5, L7, L10, and
L13) were selected for further evaluation. Humic acid was extracted from selected samples
and their elemental CHNS analysis, pH, EC and FTIR spectroscopy (400-4000 cm™ 1) were
investigated.
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Results: The results revealed the differences among the initial samples in terms of humic acid

extraction yield. The highest humic acid contents were recorded in samples L1 (64.6%), L2
(60.05%), L10 (60.07%), and L11 (62.35%). The E4/E6 ratio of C1 and L13 (0.12 and 0.58)
exhibited more aromatical structures, whereas samples L3 and L6, with ratios of 3.93 and
3.88 displayed predominantly aliphatic structure. The E3/E5 ratio results showed that the
highest value (5.07) was observed in sample L11, while the lowest value (0.78) was
measured in sample L9. The pH of extracted HA varied from 1.50 (L6) to 7.10 (L9), and
EC varied from 63 in C3to 1035 uS.cm™ in L6. The CHNS elemental analysis revealed that
there is considerable variability in the C, H, O, N content of extracted HA from leonardite
and coal washing waste. The infrared spectroscopy results indicated the presence of
aromatic rings, aliphatic chains, and several key functional groups—including phenolic
hydroxyl, carboxyl, and carbonyl—in the extracted humic acid.

Conclusion: In conclusion, leonardites from the Pabedana region, particularly samples L1, L2,

L10, and L11, constitute promising sources for humic acid extraction, characterized by high
yields and diverse chemical properties that support their application in sustainable
agricultural practices.
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Table 1. pH and EC of leonardite and coal-washing waste samples

Aigod (nS/em) (S S ylan A% ol
Sample EC (nS/cm) pH
c3 413 8.38
C2 639 7.42
Cl 732 758
L1 784 6.09
L2 530 341
L3 245 6.32
L4 233 5.45
L5 320 259
L6 236 511
L7 261 767
L8 1031 424
L9 513 711
L10 225 5.81
L1l 304 6.57
L12 319 73
L13 215 7.67

(Wb ,lez) C3 5 (anle Jloz) C2 (anle ) C1 g Jlej albly g L13 g L12 L11 L10 L9 L8 L7 L6 L5 L4 L3 L2 L1 cys)lsd
Leonardite samples L1, L2, L3, L4, L5, L6, L7, L8, L9, L10, L11, L12, and L13, and coal-washing waste samples C1 (one-

month), C2 (four-month), and C3 (four-year).
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Table 2. Humic acid extraction percentage and spectroscopic ratios of the extracted humic acid selected
leonardite and coal-washing waste samples

Lrdiges () Soged sl o150 E4/E6 E3/E5 E2/E3

Sample Humic acid content (%)
C3 20.55 1.28 1.17 0.07
C2 47.11 1.70 1.71 0.064
C1l 19.11 0.12 0.99 0.069
L1 64.61 3.28 2.74 0.043
L2 60.05 114 1.01 0.083
L3 23.43 3.93 3.78 0.004
L4 50.02 2.96 4.52 0.014
L5 45.26 1.01 1.22 0.053
L6 30.02 3.88 3.72 0.004
L7 15.56 1.93 0.91 0.084
L8 38.81 0.85 0.98 0.071
L9 25.45 0.71 0.78 0.058
L10 60.07 2.87 2.61 0.011
L11 62.35 2/6 5.07 0.014
L12 24.03 2 0.82 0.084
L13 46.06 0.58 0.99 0.057

(Wl ,lg2) €3 g (4nlo sloz) C2 anle ) C1 g Jlé5 albl g L13 g L12 111 L10 L9 L8 L7 L6 L5 L4 L3 L2 L1 cod,bgd

Leonardite samples L1, L2, L3, L4, L5, L6, L7, L8, L9, L10, L11, L12, and L13, and coal-washing waste samples C1 (one-month), C2 (four-month),
and C3 (four-year)
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Table 3. Elemental composition, pH, and EC of the extracted humic acid from selected leonardite and coal-washing
waste samples

Srdige Ko
e Spogr OIS 039258 3578 oSl N o mic pu  ECHS.em-
Selected Humic Nitrogen  Carbon Hydrogen Sulfur  Oxygen D
examples acid
%

C1 19.11 21 35.29 2.30 0 6040 2049 128 078 6.46 458
L1 64.61 2.18 72.22 4.34 0 2126 3864 022 072 6.61 372
L5 45.26 2.35 56.44 3.70 3.34 3417 2801 045 079 6.59 252
L7 15.56 221 57.06 3.52 0 3721 3012 049 074 6.13 539
L10 60.07 2.15 52.94 2.89 0 42.02 2872 059 066 215 458
L13 46.06 1.97 35.33 2.43 0 60.27 2092 127 083 645 491

(4nle ) C1 (g Jle5 albl g L13 g L10 L7 L5 L1 cus)gd

Leonardite samples L1, L5, L7, L10, and L13, and coal-washing waste sample C1 (one-month)
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Figure 2. FTIR spectra of the humic acid extracted from leonardite and coal-washing waste samples. L1, L5, L7,
L10, and L13 as selected leonardite samples, and C1 as the one-month coal-washing waste sample
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