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Fig. 1 The natural formation process of humic acid (marked by black arrows) and its industrial production methods

(marked by red arrows)
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Fig. 2 The mechanism of mineralization (marked by a red solid line arrow) and humification
(marked by a black solid line arrow) in organic waste composting process
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Table 1 Comparison of technical parameters of typical artificial humic acid synthesis methods

Jrik JEkH A BURREPC SR ] /M SEALF A R H/C O/C E/E, Z7%3Cik
MR PRSI R 2565 1080  (NH,),SO,. Ca(H,PO,),MK,SO, 0.06 0.08 — [12]
X el — 960~1 440 X 0.09 07 — [13]
E TR 70~80 10 ¥ 0.10 0.80 — [14]
T AR ) — — 7 1.14 — 684  [15]
Wik R, 43 Sl Ml — 1 440 ¥ S — [16]
KRR AR R 11~29 3240 wr - - — [17]
RN — 2160 =N N — (18]
NN EL L — 1080 & [ — [19]
42 FORFEFE . i — 2 400 RIFAHER - — [20]
Wit 180~210 1~2 0,HINaOH 122 — — [7]
A8 R M+ H R+ A A 25 240 MnO, 0.74 0.70 320  [21]
FRFEFF AL HE 30~70 25 H,0, — 113 1.80  [22]
MM i 3 H,0, 1.11 062 — [23]
b EMRE WET]R 26 12 0, e [24]
T AR . A2 sl 45 1 KMnO, - - — [25]
TURL P 50 12 H,0, - - — [26]
JLAs 36 24 o B — [27]
P 50 12 b - - — [28]
AR RJE ., A 200 24 KOH 0.89 036 — [29]
HRE A 230 13 H,PO, 1.21 0.57 5.71 [30]
KB FAL INEFEFE 240 6.7 (NH,),PO, 0.83 0.63 4.04  [31]
5-F% F JLRERE (HMF) 170 3.3 H,S0, - - = [32]
i 120 24 H,S0, - - = [33]
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Fig. 3 The pictures of natural environment of black soil formation and the possible routes for the synthesis of
fulvic acids and humic acids
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Table 2 Comparison of advantages and disadvantages of typical methods for artificially synthesizing humic acid
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Fig. 4 The reaction mechanism of protein promoting the hydrothermal synthesis of humic acid from glucose substances
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Fig. 5 Biomass based artificial synthesis of humic acid and its application pathways in environmental pollution remediation
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Table 3 Application of humic acid in the degradation of environmental pollutants

159 RS2t IR RN WV EBE SGEORIE
Hg' T AR THER AP (DOM) '0, [52]
K LA AR FA, HA FA’, “HA' [53]
FHEHEIR SRS FA FA’ [54]
fikkme AL (AOPs) DOM '0,. 8O, [55]
FH R AOPs HA '0,. -OH [56]
PAHs A P DOM [571
Ak TR HA [58]

1) JEFEIR 5 4 Jm B AR U

W PR SR AR SR TR R Z M S LB R OTR, HARtE NS, JE5ERR
S RO R 11 i S M e s QN e e ol T 01 i S B Y s ke A e ol P P €0 2
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557 WAAE S RN A R AR 5 QB 2 P RO 2 1775
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B-OH. -0, A'0,, X% ROS 5B MY IR . JEIEIRER T2 S5/ LIS U S LR
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KIS Y) A AR ORI, S —SBFIE R B, TEBHRR T A e AR R A LTS
PWI B R . EAh, SRS SRt ] fE U A R R R Otk DTN ] SO, IFE 1k,
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H,0, Y 5 0 B e 48 T Fe(11) 5 H,O, IR, FrLA Fenton EALRCRAZ BIBRHI 7, Hik, e
Fe(Illy/Fe( 1) AOMEFREUR AT LIARE R Fenton W UECR . FCRM, JETEIR 545 G T LUINEE Fe(Tl) A
J5h Fe( ) BifEiE Fe(IV) A MEAYELL, MIMEEE-OH AR GHERT, Wi 6(a), YU 2500 BF5E T4k
FEFEIR B HLUTHE (Gt-HA) 361k H,0, 7= -OH MEAAMEBER A RE 1, K BRILT0TE A8 e R il R TR L S
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Fig. 6 Typical application principle diagram of humic acid in environmental pollution remediation
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Table 4 Application of humic acid in soil remediation of petroleum hydrocarbon pollution
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Research advance on artificial synthesis of humic acid and its application in
environmental pollution remediation
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Abstract Humic acid (HA), as a widely occurring organic substance in the natural environment, plays a
crucial role in both biotic and abiotic geochemical processes, particularly in carbon cycling, soil fertility, and
environmental pollution remediation. Due to its unique functionality and environmental importance, the demand
for humic acid in the market is rapidly increasing. Artificial synthesis of humic acid has attracted considerable
attention due to its advantages of readily available raw materials and enhanced product functionalities. The
methods and characteristics of artificial synthesis of humic acid from organic waste, such as biological
composting, chemical oxidation polymerization, and hydrothermal humification, were reviewed. Then, the
applications and effects of humic acid as an electron transfer medium in the redox reaction of pollutants, as an
adsorption complexing agent to stabilize heavy metals, as a biostimulant to accelerate bioremediation, and its
application in the remediation of petroleum hydrocarbon-contaminated soils, were discussed. Finally, an outlook
on the future development direction of artificially synthesized humic acid and its application prospects in
environmental pollution remediation was given.

Keywords humic acid; artificial synthesis; biological humification; chemical oxidation polymerization;
hydrothermal humification; environmental pollution remediation
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