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Abstract: The Zoige peatlands have recently witnessed escalating declines in water tables and degradation, resulting in
increased carbon emissions. To explore the interactions between phenolics and semiconductor minerals in the Ruoergai
peatlands, this study employs a photocatalytic degradation system for soil sample collection using the five-point method from
three peatlands in the Zoige Peatland, with water levels at =2, —8, and —13.8 cm, respectively. A range of catalyst
concentrations were established in conjunction with phenolics, and the photocatalytic degradation mechanisms were
examined by assessing the degradation products and kinetic properties of phenolics. Translation provided by DeepL.com
(free version) The results show that:; (1) soil minerals in peatlands are mainly composed of hematite, manganosite,
brookite, and zincite. Soil mineral content in the peatland escalated as the water table receded. The content of manganese
chevronite increased from 2.15% to 4.92% , an increase of 2.3-fold, and manganese chevronite showed high photocatalytic
degradation efficiency of gallic acid, a typical phenolics in peatlands, showing a 99.4% degradation rate. The increase
reached 10.14-fold compared to the control. Under Fangmanganese ore photocatalytic-mediated spoilage of Hibiscus sp.
conditions, the degradation rate of gallic acid reached 99.7%, an increase of 26.5%. (2) The photocatalytic degradation
test of gallic acid using argentite as catalyst revealed that the degradation products were mainly Galloylquinone, Phthalic
Acid, Phthalic Anhydride, Propionic Acid and acetic acid. (3) Further kinetic analyses of the photocatalytic degradation of
phenolics indicated that photoelectrons generated from semiconductor mineral photocatalysis predominantly influenced the
degradation of gallic acid, a typical phenolic, following the reduction of water levels in peatlands. Photoelectrons, on the
other hand, generate superoxide ions by reacting with dissolved oxygen, and finally break the chemical bonds of phenolics
such as C—O0 and C—C, accelerating the degradation of phenolics to form substances such as gallic quinone. It can be seen
that the decrease of water level in peatland can enhance the photocatalysis of semiconductor minerals to mediate the
microbial degradation of phenolics to form humic acid precursors such as gallic quinone, and promote the accumulation of
carbon. In conclusion, this study offers a foundational basis for understanding the carbon sink function of peatland

ecosystems and informs strategies for peatland protection and management.

Key Words: peatland; semiconductor minerals; phenolics; photocatalysis; degradation rate
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Table 1 Mass fractions of major semiconductor minerals in peatlands at different water levels

FEH IR/ % FE0/ % KT/ % NN
. . . LTHEW/ %o Zincite
Sample plot Hematite Manganositer Brookite
S1 4.41+0.28a 2.15+£0.04a 1.77+£0.002a 1.84+0.01a
S2 5.10+0.01b 3.21+0.007b 2.13+£0.001b 1.97+0.04b
S3 6.09+0.03c 4.92+0.02¢ 3.49+0.01c¢ 2.32+0.01c

AR RER IR 225 B (P<0.05) , fHO5 P fE Ak 22
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Fig.3 Comparison of different phenolics photocatalyzed by manganosite
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Fig.4 Comparison of degradation
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Fig.5 Comparison of mineralization rates of different phenolics

photocatalyzed by manganosite
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Fig.6 High performance liquid chromatography-mass spectrometry analysis of photodegradation of gallic acid by manganosite
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Table 2 Mass-to-charge ratios of the products of photodegradation of gallic acid by manganosite

BT R JEE IR J5 e rigcigia F )
Gallic acid degradation products Mass/mol Mass/ charge Abund/ (a.u.)
BE TR EE Methyl gallate 184.04 183.03 3627
WE TR Gallic acid quinone 168.01 213.01 51048
A2 H R Phthalic acid 166.03 165.02 14237
2B Phthalic anhydride 148.02 207.03 27487
X2 IEFE IR 4-Hydroxybenzoic acid 138.03 137.02 8216
K R Phenylacetic acid 136.05 135.05 10868
FEMEE TFHR Pyrogallol 126.03 125.02 13250
ZH R Benzoic acid 122.04 122.04 20589
5 & Malonic acid 104.01 103.00 5887
MR Lactic acid 90.03 89.02 198100
Z & Pyruvic acid 90.00 88.99 44122
AR Propionic acid 88.02 133.01 126960
N2 Propionic acid 74.04 73.03 16962
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Table 3 Parameters of quasi-primary kinetic modeling of phenolics degradation under different cavity trapper concentration addition conditions

5 mmol 7.5 mmol 10 mmol 15 mmol 20 mmol
K, 0.01363 0.00901 0.00672 0.00661 0.00367
R? 0.7329 0.79135 0.8429 0.88334 0.94631

R4 REFHERFRNRZ G TE LY REMBH R E—RIAE RN N FRESH
Table 4 Parameters of quasi-primary and quasi — secondary Kinetic modeling of phenolic degradation under different capture agent

addition conditions

AR TR +HA S 227G+ R PRGN+ AR
Capture type e capture agent+0, h* capture agent+0, + OH capture agent+0,
E—2 g )y K, 0.00172 0.00901 0.00560
Quasi first-order reactionkinetic R? 0.74906 0.7218 0.49018
WE— 948} )1 K, 0.000039 0.000094 0.000689
Quasi secondary-order reactionkinetic R? 0.60689 0.96201 0.61735
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Fig.10 Measurement of hydroxyl radical concentration and superoxide radical concentration
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Fig.11 Schematic diagram of gallic acid photodegradation mechanism
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