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Effect of Hydrogen Peroxide and Fenton-like Reagent on Soil Carban, Nitrogen and

Microorganism

ZHOU Yang'?, DENG Yamei*®, ZHU Fengxiao®, ZHAO Guangchao'*, FANG Guodong®*, WANG Rongfu**, ZHOU Dongmei’
(1 College of Environmental Science and Engineering, Anhui Normal University, Wuhu, Anhui 241002; 2 Key Laboratory of
Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008; 3 School
of Resources and Environment, Anhui Agricultural University, Hefei, Anhui  230036; 4 School of International Tourism, Anhui
International Studies University, Hefei 231201, China)

Abstract: Hydrogen peroxide-based Fenton or Fenton-like reactions have been used extensively for the remediation of organic
pollutants in the contaminated sites. However, the effects of H,O, or Fenton reactions on soil properties and microbial
communities are not fully understood. In this study, the effects of H,O, and different Fenton reagents including H,O,, H,0,/V,03
and H,O,/citrate chelated ferric on soil properties and microbial communities were studied. The results showed that H,O, was
decomposed quickly in soil accompanied with obvious degradation of soil organic matter (SOM), dramatic increase of soil
ammonium nitrogen, and slight change of soil nitrate nitrogen. High-throughput sequencing was used to analyze microbial
multi-samples and biome structure in soil, and it was found that H,O, and Fenton reagents significantly reduced soil microbial
diversity.

Key words: H,0,; Fenton-like; Soil properties; Soil microbial diversity; Community structure
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PR SFIE I IT T 250 A A T O TS e
MBS RER | KBS0 4 Ak 12 R A DRt ey R e A+
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TR A 5 b AR 3R A5 e s 2 s,
TiAh, AR, b p— S A AR
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PINTTA RIS A H AU R, 7 PR p 1
SRR, A S 2R A 3 B RN HL0,,
I A B 1 P TG AL o HLO, 72 A [ il ok
15 Y. Lu SEPOBESE T pH A0 T 282500
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B RBRACR . Xu ZFPUESE T A RO 25 a0 X
P R PR R R R I , 2 BRI AR
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T 100 ml #T = AR, H,0, B8N AR [ Ak
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TASE IS 8 AIRE S, RRALFES, 3 1 FAT, R
RT3 ROV 1. 3.0 5. 7. 10,
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Fig. 1 H,0,decomposition under different treatments
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FEFE 600 mg/L, X FEREKNIFERES H0,
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Fig. 2 DOC concentrations changing with time under
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Fig.4 Concentrations of soil ammonia nitrogen and nitrate nitrogen changing with time under different treatments
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Fig. 5 Bacterial relative abundance at phylum level

T )T 25 b BB Y 22 SR EAT 0 A 3L, ol
H,0, AbF 5 FFAE IR 8 /H,0, A0 R JEERETR [ ]R] V,04/
H,0, Zb 3TN R ELA 1 25 125 7

TEITHI P ZOKF L, AR S inIE 6 Fros,
UL, HyO, AbFE 38 5 )5 - e b U E MR TR B 2R
AL 5 XF HE - S 0] B % 3 I ) A AR A T AR R AR Ak 5 %
T HyOp B 3 A4k BRI RS2 WA i B AP 2 4 BAT
B BIARRIE ,  ELFPBRRER/H,0, Ak A SN I [a] 4
st Z [] AR BB B v

40 ~
20 Stress: 0.01
= 20
X
=
S
é o CK
= ol o V,04/H,0,
A FPRERRER/H,0,
v H,0,
ATMRLEE
20 |+ —80
| L | L | | L | L 1 L |
-80 -60 —40 -20 0 20 40
PCoA (99.4%)
6 TEIMHAEKTE LB ELEHIHE

Fig. 6 Community structure distribution at phylum level
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Fig. 7 Community structure distribution at genera level
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B, MBI HyO, A BEAIAT B IR B/ HL00 AR BIIAE ) Bl IOBRERIE S HAAEIERY PCoA [ETA cluster RS

FIF R, T V,05/HyO0 ABERS SR IRE A B 31 HoO, A3 50 IR A TR PR A A T SR ) 2028
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Table 1 The species of bacterial genus abundance increased and decreased by hydrogen peroxide

Ak PHAS R WES EES H,0, PR Hy0, V,05/H,0, CK

5d 10d 14d 21d 28d 5d 10d 14d 21d 28d 5d 10d 14d 21d 28d 1d 28d

EJEWEIN Actinobacteria Micromonospora 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.1
Actinobacteria unclassified 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.1
Proteobacteria unclassified 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.5 04 04 04 04 0.0 0.0
Proteobacteria Acintobacter 0.1 0.1 02 0.1 02 0.1 0.1 0.1 0.1 02 1.1 1.2 1.0 1.1 09 0.0 0.0
Proteobacteria Pseudomonas 0.5 06 04 04 05 04 04 03 05 05 5.0 6.1 49 56 5.0 0.0 0.0

Firmicutes Tumebacillus 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.2 0.0 0.0 0.0 0.2 0.0
Firmicutes Bacillus 61.061.462.762.261.0 62.0 61.7 63.4 62.3 59.9 50.1 54.1 57.1 57.1 60.2 39.6 1.1
Firmicutes Geobacillus 04 04 04 03 03 03 03 02 03 03 23 3.1 34 34 29 0.0 0.0
Firmicutes unclassified 02 0.1 02 02 02 02 02 02 02 02 08 0.1 0.1 02 02 2.0 0.0
Firmicutes unclassified 04 04 04 07 0.7 0.7 05 1.0 0.6 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Firmicutes Oceanobacillus 13.914914.613.9 14.8 145152139143 147 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Firmicutes Exiguobacterium 0.8 09 09 0.8 0.8 09 1.0 09 1.0 09 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Firmicutes Paenibacillus 1.7 16 1.7 1.6 1.5 1.7 1.8 1.5 1.6 1.7 0.8 03 0.2 0.2 0.2 04 0.1
Firmicutes Laoeyella 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 09 0.1 0.0 0.0 0.0 0.0 0.0
Firmicutes unclassified 16 13 13 1.8 1.7 1.7 1.5 20 1.5 2.1 1.8 0.6 04 0.7 0.5 64 03
Firmicutes Aerococcus 131414 12 1515 14 13 15 15 00 00 00 0.0 00 0.0 0.0
Firmicutes Carnobacterium 09 1.0 1.0 09 09 09 10 08 1.0 09 08 1.2 1.2 1.3 1.1 0.0 0.0
Firmicutes Enterococcus 03 03 02 03 02 03 03 02 03 03 1.0 1.3 1.3 1.2 1.1 0.0 0.0
Firmicutes Leuconcstoc 03 02 02 02 02 03 02 02 03 03 1.0 1.6 1.3 1.1 0.9 0.0 0.0
Firmicutes Lactococcus 123127119123 123 11.211.6 11.1 11.8 12.3 16.219.919.6 19.8 19.6 0.0 0.1
Firmicutes Streptococcus 0.6 06 05 06 0.6 0.5 0.5 0.5 0.6 06 29 34 34 33 29 0.0 0.0
Firmicutes Alkaliphilus 0.7 0.7 0.8 09 09 0.8 0.8 0.6 0.8 09 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FEFEE  Acidobacteria Gplo6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.9
Acidobacteria Gp3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.6
Acidobacteria Gp4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6
Acidobacteria Gp6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.7 1.8
Actinobacteria unclassified 0.0 0.0 00 00 00 0.0 00 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.6 22
Bacteroidetes Flavisolibacter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1
Bacteroidetes unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.5

Chlorobi Ignavibacterium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7
Chloroflexi unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 4.1
Chloroflexi unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 03 1.3

Gemmatimonadetes Gemmatimonas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3
Proteobacteria Phenylobacterium 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 2.0
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.3 2.0
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 2.9
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.9
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5d 10d 14d 21d 28d 5d 10d 14d 21d 28d 5d 10d 14d 21d 28d 1d 28d
FEEFE{X  Proteobacteria Sphingomonas 0.0 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.1 0.8 03 0.1 0.1 1.3
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.1 0.0 0.0 0.0 0.6 52
Proteobacteria Azohydromonas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Proteobacteria Piscinibacter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Proteobacteria Ramlibacter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6
Proteobacteria Massilia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.7
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 3.0
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 1.4
Proteobacteria Geobacter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.6
Proteobacteria Anaeromyxobacter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Proteobacteria unclassified 0.0 0.0 0.0 00 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.6
Proteobacteria unclassified 0.0 0.0 0.0 00 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 1.4
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 00 0.0 0.0 0.0 0.1 1.2
Proteobacteria unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 2.2
Verrucomicrobia  3_genus_incertea_sedis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7
Firmicutes Ammoniphilus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.1
Firmicutes unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.1
Firmicutes unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 43 0.1
Firmicutes Clostridium_sensu_stricto 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 04 04 0.3 03 15.6 3.3
Firmicutes unclassified 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 9.5 2.2
Firmicutes Gracilibacter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.1 0.0 0.0 0.0 0.0 0.7 0.7
Firmicutes unclassified 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.1 0.0 0.0 0.0 0.0 1.5 1.6
Firmicutes unclassified 03 0.0 0.0 0.0 00 0.0 00 0.0 00 00 1.1 0.0 0.0 0.0 0.0 19 1.1
unclassified unclassified 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 02 02 0.1 0.1 34157
T RPN EE %),
3 it S 3k
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