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Effects of materials on the Fe** bio—reduction enhancement of DOM in compost

LIAN Shangwang"*>**, MO Jintao">**, LI Shiyao"***, SUN Xiaojie"***, ZHANG Jun">**

(1. Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541006
China; 2. University Engineering Research Center of Watershed Protection and Green Development, Guilin 541006, China; 3. Modern
Industry College of Ecology and Environmental Protection, Guilin University of Technology, Guilin 541006, China; 4. Collaborative
Innovation Center for Water Pollution Control and Water Safety in Karst Area, Guilin University of Technology, Guilin 541006, China)
Abstract: In this study, the aim is to explore how initial raw materials affect the promotion effect of compost DOM for Fe* bio—reduction.
DOM samples were obtained by extracting six types of manured compost (pig manure, PM, chicken manure, CM, silkworm excrement, SE,
cassava residue, CR, kitchen waste, KW, and sewage sludge, SS) and peat soil (PS), and then these samples were analyzed on spectrum
characteristics (FTIR, UV-vis, EEM), electron transfer capability (ETC), and their effects after adding Fe® bio—reduction reaction with
Shewanella MR—1. The results showed that: the DOM from manure composts (pig manure, chicken manure, and silkworm excrement) and
sludge compost contained more aromatic structures, quinone groups, and less lignin—like content, The compost—derived DOM from cassava
residue contains more microbial humic-like components, while those from chicken manure and sewage sludge each contain abundant
tryptophan—like components. The ETC of compost—derived DOM from six materials was generally slightly lower than that of PS (EAC+EDC,
628.42-720.57 wmol + g vs. 710.37 pwmol - ™), with the order of SESPM>CR>KW>CM>SS. The compost—derived DOM from SS, CM, and
SE significantly enhanced the Fe™ reduction rate within 0-2 days, showing 31.57, 25.39, and 22.60—fold increases compared to the blank
control group, respectively. Correlation analysis indicated that the structural characteristics (SUVAzsy X C4, SUVALX C4) of compost—
derived DOM had a significant positive relationship with their enhancement of Fe® hio—reduction, while the content of lignin—like
substances had a significant negative correlation with it. The mature composts of SS, CM, and SE materials contain a greater amount of
quinone—like tryptophan—like components, which endow them with higher electron transfer capability in Fe**/Fe* and Shewanella MR—1,
thereby enhancing the Fe** bio—reduction effect.

Keywords : materiel; aerobic composting; dissolved organic matter; electron transfer capacity; Fe** bio—reduction
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Table 1 Physicochemical properties and organic component content of mature compost and peat soils

i H Ttem PS CM PM CR KW SS SE
MC/% 63.06+0.27 13.240.11 39.75+0.42 56.57+0.27 44.39+1.32 57.16+0.77 50.38+1.34
VS/% 90.38+3.13 47.16+0.33 44.04+0.82 42.45+0.86 42.30+1.70 60.02+1.19 39.24+1.54

pH 6.51+0.03 7.91+0.07 8.18+0.01 6.61+0.04 7.13+0.08 8.90+0.01 10.37+0.03

C/N 33.20+0.09 11.62+0.13 5.74+0.07 8.2120.09 12.20+0.02 7.20+0.11 9.52+0.10

Ji& Wi1% 0.73+0.03 0.23+0.03 0.26+0.02 0.11+0.02 0.27+0.03 0.61+0.01 0.54+0.02
E R % 7.000.17 12.49+0.12 21.21+0.25 17.77+0.06 8.89+0.58 23.35+0.19 17.79+0.29
LT YR 1% 13.76+0.38 2.61+0.29 16.67+2.00 13.08+0.76 3.25+0.62 15.00+2.21 31.08+1.73
YR 1% 37.77+0.96 19.820.11 8.87+1.39 11.00+3.41 17.69+2.65 17.70+0.44 2.10+0.75
AIFZEI% 22.81+1.23 7.86+0.64 6.93+0.93 21.50+0.90 10.16+0.73 13.07+0.73 14.57+0.64

T PRI I bR 22 , =33 VS \C/N IE T R AT 4R R A4 R R EE T T EE

Note: The data in the table are average value +standard deviation, n=3; VS, C/N, fat, protein, hemicellulose, cellulose, lignin based on dry weight

determination.
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Figure 1 Fourier transform infrared spectra and infrared-specific wavelength transmittance ratios of DOM from

six types of mature composts and peat soil
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Figure 2 Specific UV absorbance values of DOM from six types of mature composts and peat soil
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Figure 6 Correlation analysis of DOM structural functional groups and electron transfer capacity of maturity compost and peat soils

L T RE ST BB S S P YR BUS AR XM R, UEARIE U A, DA% 59 EDC AU R B0

PRI 2R (WAL A VR £ SS .CM A SE Ji A EE Y DOM B
AR T Fe AR5
2.4 XM

FHRME A BT 25 T R (] 6) , B3 520 EAC 1 A
R & C3, MR 0~2 d Fe™ i J5L S5 (g 35 K 28 ) J
SUV Az0XC4 . SUV A 36XC4 . Enso/Esnn il Easo/Eseso DOM [
EAC 5 C3 & 1o 2 fUMH ¢ , iX R WISE B4 o ) Jie A |
T DOM ¥ EAC & . 735, DOM B EDC FIETC 5
EVISINE AR SNt DS 2 Ca LN R E DL PS
P X AT BRSO AEHE AR R R, DOM 38 3 B 3 T 48

P 1%) WHARTY

EDC, NGB S B DOM [ 52 B EDCH*, 0~2 d Fe™
W J5 3 R 5 SUV AsoX C4 Fl SUV Apex C4 5L i 2 1E A
K, M5 Easol Earn Fl Easol Ees 22 8] 5 i 25 67K 56, X 6
W H A R R 250 1 25 B 2 PR A 43 v R A I T Fe™' (1)
M JE T ELAT R A 2ROR B i AN R Fe ik
Jio F9E F B R AL AT AR LR B Tl
PB4 T2 R Al R E A L S
55 Fe™ (A3 JETHe7 M TA 40 25 £, 20 1R 41 43 vh A TR 26
SER AR IR Fe A WD SR 1) E B STk E - A TR IR
) DOM H1,0~2 d P Feift J5i 3 % 5 EAC \EDC 1 ETC



R % HURIAPHERE DOM ) Fe™ A 438 T3 AL B 3259

PIR BB B E A SCHE . 3O P E 9 DOM
S TR AR AT A AUk TR 67 915 PR 42 9 (- 0.49~
0.61 V), A IR HL A7 A F Fe¥/Fe? (0.37 V, ¥ R
£8) Ay FUEC T MR-1 AP (-0.5~-0.2 V) Z [Al [
A 1RO 4 AT R o b S A P W R ™ A Y F A%
B4 P, B, HA RS EACHI EDC JE[H 2 5 Fe*
W, 80~2 d Fe™ 1A I3 % 5 EAC .EDC F1 ETC
BERM A B E . FEARMTH, HEE DOM [ EAC/
EDC/ETC - & g H Fe® A Wy 3h JE 85007 il — 48
bro JE SR TE B — Al ik EAC/EDC By HL v —FL
THERERE 1 0 A, DL 4 1T b 48 7R DOM 7E Fe* A 1)
W JE A R R A B

3 #ie

(1) (CM) JEFE(PM) AR E i (CR) BT 4 b
W (KW) | Ti7 B 5 Y8 (SS) Ml 4 v (SE) 6 Flt i 24 3k A
DOM H1,CM \PM ,SE FI SS % 45 B £ [ 55 B 4544 (Tt S
R IR D B 2ROR T 28 & 5 T CR 35 B 2 191
A W T B T4 43 (C2) , CM AT SS £ DOM W 5 A 3
ZIMREERA > (C4).

(2)6 R RIHEAE DOM B HL F 54 85 RE 1 BRI
Fie w1+, 205 & 1) 88.46%~101.44% , H: i SE>
PM>CR>KW>CM>SS,

(3) 1A 24 HE IR DOM X Fe™ A= 1 1 i 288 4k %4
JEHH I, Hirp SS . CM AT SE [ 5 Ak 85 R fe e, £ H: 0~2
d ) FeX i J5 s 542 73 17 31.57 .25.39 /5 1 22.60 5 .

(4) HH e BF 98 45 51 R | JE 2O IR DOM B
A T2 45 48] 11 2 £ S R 40 0 1T BB 2 Fe™ A 0 D A7 58
AN ) 3 BT RR A TR i A 2R T R B AT
AE X I2 040 Ji o B2 7 A R A o AR DGR 23 BT 3R T
SUV AzoxC4 Fll SUV A 5eXC4 55 15 0~2 d Fe i Jif i %
EREIEMHX(P<0.05), MERTRTHSZ R E
A, R, SS.CM il SE JiE Zh i I DOM Ff HAT 4%
ZERISEER IS0 TR AL 5% A A T3 5 Ho X Fe? A
WA SR AL SN

S 3k

[11ZHU L J, WEL Z M, YANG T X, et al. Core microorganisms promote
the transformation of DOM fractions with different molecular weights to
improve the stability during composting[J]. Bioresource Technology,
2020, 299:122575.

[2] CHIA W Y, CHEW K W, LE C F, et al. Sustainable utilization of
biowaste compost for renewable energy and soil amendments|]].

Environmental Pollution, 2020, 267 : 115662.

[3] SAID-PULLICINO D, ERRIQUENS F G, GIGLIOTTI G. Changes in
the chemical characteristics of water—extractable organic matter during
composting and their influence on compost stability and maturity[J].
Bioresource Technology, 2007, 98(9) : 1822-1831.

[4] HE X S, XI B D, CUI D Y, et al. Influence of chemical and structural
evolution of dissolved organic matter on electron transfer capacity
during composting|J|. Journal of Hazardous Materials, 2014, 268 : 256~
263.

[S]LIU L H, ZHENG N G, YU Y X, et al. Soil carbon and nitrogen cycles
driven by iron redox: a review[]]. Science of the Total Environment,
2024, 918:170660.

[6] FUAGHK, FA4F . S A BRIg JF00s L 38 o o 4 e T 20 1k A 8t
WA [J]. PR3 R 2015, 36 (9) 1 3533-3542. SI Y B, WANG J.
Influence of dissimilatory iron reduction on the speciation and
bioavailability of heavy metals in soil[J]. Environmental Science, 2015,
36(9):3533-3542.

(7] B, 3, XU, 55 . B i LA ALK S R A AT 5k
[J]. HoER AL HE 2, 2022, 37(2) :202-211. DUAN X, LI Z, LIU M,
et al. Progress of the iron—mediated soil organic carbon preservation
and mineralization[J]. Advances in Earth Science, 2022, 37(2) : 202—
211.

[8] YUAN Y, ZHOU S G, YUAN T, et al. Molecular weight—dependent
electron transfer capacities of dissolved organic matter derived from
sewage sludge compost|J]. Journal of Soils and Sediments, 2013, 13
(1):56-63.

[9]1 YANG C, ZHENG M X, ZHANG Y, et al. Bioreduction of hexavalent
chromium: effect of compost—derived humic acids and hematite[J].
Chinese Chemical Letters, 2020, 31(10):2693-2697.

[10] HEITMANN T, GOLDHAMMER T, BEER J, et al. Electron transfer
of dissolved organic matter and its potential significance for anaerobic
respiration in a northern bog[J]. Global Change Biology, 2007, 13(8) :
1771-1785.

[11] HUANG D Y, ZHUANG L, CAO W D, et al. Comparison of dissolved
organic matter from sewage sludge and sludge compost as electron
shuttles for enhancing Fe (Il ) bioreduction[J]. Journal of Soils and
Sediments, 2010, 10(4) :722-729.

[12] SEEREE, 42, f— N, S5 [ALRGE KOG 15 Y8 I S HENE 1 7 o R
JotHL R RS B ) B9 SE M ()], TR FR R AR 4, 2023, 43(5) £ 2393
2403. MO JT,LIJ, LU Y M, et al. Effects of intermittent aeration
on the electron transfer capacity of humic substances in aerobic
composting of sewage sludge[J]. China Environmental Science, 2023,
43(5):2393-2403.

[131 WU JQ,ZHAO Y, QI H S, et al. Identifying the key factors that affect
the formation of humic substance during different materials
composting|J]. Bioresource Technology, 2017, 244:1193-1196.

[14] ZHAO X Y, TAN W B, PENG ] J, et al. Biowaste—source—dependent
synthetic pathways of redox functional groups within humic acids
favoring pentachlorophenol dechlorination in composting process[J].
Environment International, 2020, 135:105380.

[15] skesit, L), e, 55 AR ARHENL 5 BB R 25 F RS A
FE[0). P E IR B RN, 2021, 41(2) 1 763-770.  ZHANG Q, XI B D,

www.daes.org.an




m@g 3260

VRERRE Y F44EFE 128

YANG ] J, et al. Structural characteristics of fulvic acid composted
with different materials[J]. China Environmental Science, 2021, 41
(2):763-770.

[16] ONWOSI C O, IGBOKWE V C, ODIMBA J N, et al. Composting
technology in waste stabilization: on the methods, challenges and
future prospects[J]]. Journal of Environmental Management, 2017,
190:140-157.

[17]MOU D Q, LU Y L, CHEN Y X, et al. Simulation of dissolved—oxygen
distribution in matrix particles during the aerobic composting process
of sewage sludge with two-region model[J]. Journal of Cleaner
Production, 2023, 428 : 139380.

[18] LIU Z H, DAT Y, ZHU H X, et al. Effects of additive on formation and
electron transfer capacity of humic substances derived from silkworm—
excrement compost during composting[J]. Journal of Environmental
Management, 2024, 351:119673.

[19] KAMMOUN M, GHORBEL I, CHARFEDDINE 8, et al. The positive
effect of phosphogypsum—supplemented composts on potato plant
growth in the field and tuber yield|J]. Journal of Environmental
Management, 2017, 200:475-483.

[20] NAKASAKI K, TRAN L T H, IDEMOTO Y, et al. Comparison of
organic matter degradation and microbial community during thermophilic
composting of two different types of anaerobic sludge[J]. Bioresource
Technology, 2009, 100(2) : 676-682.

[21] VAN SOEST P J, ROBERTSON J B, LEWIS B A. Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides in
relation to animal nutrition[J]. Journal of Dairy Science, 1991, 74
(10):3583-3597.

[22] SUN B, LI Y S, SONG M ], et al. Molecular characterization of the
composition and transformation of dissolved organic matter during the
semi—permeable membrane covered hyperthermophilic composting[J].
Journal of Hazardous Materials, 2022, 425 : 127496.

(23] Fhi)F-, 2R 2, 1 B, 45 VRIS [ L] T RS A X6 4 28 e T
RN AL A e BB 1) 205 2 B 2T AP GG R 5 43 A 1. D63
5 53T, 2014, 34(9) :2413-2418. SUN X P, LI G X, XIAO
A P, et al. Analysis on the impact of composting with different
proportions of corn stalks and pig manure on humic acid fractions and
IR spectral feature[J]. Spectroscopy and Spectral Analysis, 2014, 34
(9):2413-2418.

[24] TRAR, [ /N, A0, 55 . TF B AN St T T 75 06 R4 L v J 9
MBI RRAEL) ). 342 4H, 2019, 56(2) :398-407.  ZHANG T, HE
X S, LI M, et al. Spectral characteristics of humus in chernozem in
Qinghai-Tibet Plateau under reclamation and long—term fertilization
[J]. Acta Pedologica Sinica, 2019, 56(2) :398-407.

[25] A FILL, BLi, B A, 55 . AN o A AL HUNE et - 48 Jog 78 o 21
S WL AR AR ] S 5 6T AT, 2021, 41(2) £ 523-528.
TONG L H, ZHU L, ZHAO N, et al. Spectroscopic characteristics of
soil humus components under different proportions of organic and
inorganic fertilizers[J]. Spectroscopy and Spectral Analysis, 2021, 41
(2):523-528.

[26] SADRNOURMOHAMMADI M, BREZINSKI K, GORCZYCA B.

Ozonation of natural organic matter and aquatic humic substances:

P 1%) WHARTY

the effects of ozone on the structural characteristics and subsequent
trihalomethane formation potential[J]. Water Quality Research
Journal, 2020, 55(2) : 155-166.

[27] it 2o, SRR, R B AT Ak B 200 A L S R
SR ZE AL FRAE 52 R 0], P AL AR R~ 2 i (A SRR i),
2016, 44(10) : 141-149. MENG A H, ZHANG Z D, WU J G. Effect
of cow dung on elemental composition and structural characteristics of
soil humus in soybean continuous cropping field[]]. Journal of
Northwest A&F University ( Natural Science Edition), 2016, 44(10) :
141-149.

[28] KARPUKHINA E, MIKHEEV I, PERMINOVA I, et al. Rapid
quantification of humic components in concentrated humate fertilizer
solutions by FTIR spectroscopyl]]. Journal of Soils and Sediments,
2019, 19(6) :2729-2739.

[29] LI Y H, GONG X F, SUN Y H, et al. High molecular weight fractions
of dissolved organic matter (DOM) determined the adsorption and
electron transfer capacity of DOM on iron minerals[J]. Chemical
Geology, 2022, 604:120907.

[30] BERNAL M P, ALBURQUERQUE J A, MORAL R. Composting of
animal manures and chemical criteria for compost maturity
assessment. A review[]]. Bioresource Technology, 2009, 100 (22) :
5444-5453.

[31] GUO X X, LIU H T, WU S B. Humic substances developed during
organic waste composting: formation mechanisms, structural
properties, and agronomic functions[J]. Science of the Total
Environment, 2019, 662:501-510.

[32] LI K M, SHAHAB A, LI ] Y, et al. Compost—derived humic and fulvic
acid coupling with Shewanella oneidensis MR—1 for the bioreduction
of Cr( VI) [J]. Journal of Environmental Management, 2023, 345:
118596.

[33] HAN X, YU H B, SONG Y H, et al. Characterizing humic substances
from a large—scale lake with irrigation return flows using 3DEEM-
PARAFAC with CART and 2D-COS[J]. Journal of Soils and
Sediments, 2020, 20(9) :3514-3523.

[34] HASSOUNA M, MASSIANI C, DUDAL Y, et al. Changes in water
extractable organic matter (WEOM) in a calcareous soil under field
conditions with time and soil depth[]]. Geoderma, 2010, 155(1/2) :
75-85.

[35] YU H B, XI B D, MA W C, et al. Fluorescence spectroscopic
properties of dissolved fulvic acids from salined flavo—aquic soils
around Wuliangsuhai in Hetao irrigation district, ChinalJ]. Soil
Science Society of America Journal, 2011, 75(4):1385-1393.

[36] SANTIN C, YAMASHITA Y, OTERO X L, et al. Characterizing
humic substances from estuarine soils and sediments by excitation—
emission mairix spectroscopy and parallel factor analysis[]].
Biogeochemistry, 2009, 96(1) : 131-147.

[37] Z5A 52, 220 H, We iy, 46 R SEMENE b Bt o T AR L T BB ML
il B AL RRAE (D], PR 5 TR, 2022, 40(12):79-88. LIK M,
LI'J Y, YOU S H, et al. Electron transfer mechanism and spectral
evolution characteristics of humic acid during pig manure composting

[J]. Environmental Engineering, 2022, 40(12) : 79-88.



2025 12 A

YR IE, 55 PR SEAL DOM ) Fe A= W)3d0 JiE ik A8, 14 5211 3261

[38] FMBEAS, AR, FRACFE, 28 . AN IR B0 75 6 AT 1o 75 6 4 o
THASRE ST HREIR )] EEARER TR 222441, 2024, 44(2) :304-312.
SUN X J, TAN Z H, ZHANG M X, et al. Effect of different carbon—
rich amendments on electron transfer capacity of humic substances
during sludge composting[J]. Journal of Guilin University of
Technology, 2024, 44(2) :304-312.

[39] RILEY S M, AHOOR D C, REGNERY J, et al. Tracking oil and gas
wastewater—derived organic matter in a hybrid biofilter membrane
treatment system: a multi—analytical approach[J]. Science of the Total
Environment, 2018, 613:208-217.

[40] SCOTT D T, MCKNIGHT D M, BLUNT-HARRIS E L, et al. Quinone
moieties act as electron acceptors in the reduction of humic
substances by humics—reducing microorganisms|J|. Environmental
Science & Technology, 1998, 32(19) :2984-2989.

[41] TANG Z R, HUANG C H, TAN W B, et al. Electron transfer
capacities of dissolved organic matter derived from swine manure
based on eletrochemical method[J]. Chinese Journal of Analytical
Chemistry, 2018, 46(3) :422-430.

[42] B8, (/N 048, 45 HENE s BEASR] 43Ttk A L el
THERS AR ST R AS K R R[], S M Ak, 2017, 45(4) 1579
586. YANG C, HE X S, GAO R T, et al. Effect of compositional and
structural evolution of size —fractionated dissolved organic matter on
electron transfer capacity during composting|J]. Chinese Journal of
Analytical Chemistry, 2017, 45(4) :579-586.

[43] STERN N, MEJIA J, HE S M, et al. Dual role of humic substances As
electron donor and shuttle for dissimilatory iron reduction[J].
Environmental Science & Technology, 2018, 52(10) :5691-5699.

[44] WANG H S, GE X F, LI S Y, et al. Insight into the binding
characteristics of dissolved organic matter(DOM) and Fe( [I )/Mn( Il ) :
based on the spectroscopic and dialysis equilibrium analysis[J].
Chemosphere, 2024, 362:142672.

[45] HUANG X Y, LIANG Y Z, YE Q T, et al. Theoretical modeling of
molecular fractionation of dissolved organic matter on ferrihydrite and
its impact on proton and metal binding properties[J]. Science of the

Total Environment, 2023, 888:164276.

[46] HF5E, 75 WeWg, ZEIE AL, 45 . 0 BB M DOM X 8kid Jot i S Abade Ji
7J<%5kﬁrﬂ%-;;u@ [J]. BREE Rl #2545, 2021, 41(7) :2814-2825.  SHU
Y, GONG X F, LI Y H, et al. Effect of DOM on dissimilatory
reduction of ferrihydrite by iron reducing bacteria in Poyang Lake
wetland[]]. Acta Scientiae Circumstantiae, 2021, 41(7) :2814-2825.

[47] JE e, 5 B, KBTS, 45 R R A B IR B e A M ko e v A
R WROEE BT il 5 0635 S B, 2023, 43(4) £ 1320~
1328. ZHOU A, YUE Z B, LIU A Z, et al. Pectral analysis of
extracellular polymers during iron dissimilar reduction by salt—
tolerant ~ Shewanella  aquimarinal]].  Spectroscopy —and  Spectral
Analysis, 2023, 43(4) : 1320-1328.

[48] YUAN Y, TAO Y, ZHOU S G, et al. Electron transfer capacity as a
rapid and simple maturity index for compost|J]. Bioresource
Technology, 2012, 116:428-434.

[49] ZHU Z K, TAO L, LI F B. Effects of dissolved organic matter on
adsorbed Fe( 1 ) reactivity for the reduction of 2—-nitrophenol in TiO,
suspensions[J]. Chemosphere, 2013, 93(1) :29-34.

[50] ZHANG Y, ZHOU M H. A critical review of the application of
chelating agents to enable Fenton and Fenton-like reactions at high
pH values|J]. Journal of Hazardous Materials, 2019, 362 :436-450.

[51] HUDSON J M, LUTHER G W, CHIN Y P. Influence of organic
ligands on the redox properties of Fe( I ) as determined by mediated
electrochemical oxidation[J]. Environmental Science & Technology,
2022,56(12):9123-9132.

[52] BABAUTA J T, NGUYEN H D, BEYENAL H. Redox and pH
microenvironments within Shewanella oneidensis MR—1 biofilms
reveal an electron transfer mechanism|J]. Environmental Science &
Technology, 2011, 45(15) :6654—6660.

[53] AESCHBACHER M, VERGARI D, SCHWARZENBACH R P, et al.
Electrochemical analysis of proton and electron transfer equilibria of
the reducible moieties in humic acids[J]. Environmental Science &
Technology, 2011, 45(19) :8385-8394.

[54] KISHI S, SAITO K, KATO Y, et al. Redox potentials of ubiquinone,
menaquinone, phylloquinone, and plastoquinone in aqueous solution
[J]. Photosynthesis Research, 2017, 134(2) : 193-200.

(TG - R i)

www.daes.org.an



