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Effects of Sludge Biochar Based Compost on Properties and Remediation of Soil Contaminated by Manganese
ZHANG Xiang', YU Zhen', CHANG Ken-lin'?, WANG Yin"

(1.Key laboratory of Urban Pollutant Conversion, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China;
2.School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: With the rapid urbanization, sewage sludge, an inevitable major byproduct of wastewater treatment, is being produced massively
with dramatic increase and is thus required to be treated effectively. In this work, sewage sludge was converted into biochar through pyrolysis
and then composted into a compost fertilizer with pig manure. Effects of sludge biochar on the composting and of sludge biochar based com—
post on the physic—chemical and microbial properties of a manganese—contaminated soil were investigated. Results show that the BET-sur—
face and pH of sewage sludge biochar largely increased after pyrolysis. Addition of sludge biochar accelerated the composting process and
improved the quality of the compost. Sludge biochar based composts significantly improved soil pH and electrical conductivity, increased
bacterial and fungal community population, and enhanced activities of dehydrogenase and urease. Quantities of ammonia—oxidizing archaea
and ammonia—oxidizing bacteria in soil were also increased by applying sludge biochar based composts. Applying sludge biochar based
compost caused the partial conversion of acid—soluble manganese into residual fraction, decreasing the bioavailability of soil manganese, and
in turn increased cabbage yield greatly.

Keywords: hydrothermal treated sludge; biochar; composting; microorganism; heavy metal bioavailability
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Table 1 PCR primers for real-time PCR assay

FIAREELA ElR7E2 0 FFoI(s" - 3)
Bacterial 16S rRNA 58F CCTACGGGAGGCAGCAG
S517R ATTCCGCGGCTGCTGGCA
Fungi 185 iRNA ITS3 GCATCGATGAAGAACGCAGC
ITS4 TCCTCCGCTTATTGATATGC
AOB amoA amoA -1F GGGGTTTCTACTGGTGGT
amoA -2R CCCCTCKGSAAAGCCTTCTTC
AOA amoA Arch-amoAF STAATGGTCTGGCTTAGACG
Arch—amoAR GCGGCCATCCATCTGTATGT

kg )BT L LU AMEREAE St A B4 SOy ai rh s 28 s
TN 16 ke, FEFPES TR 0.5 kg, FEFE B it
RE RS o NS FRIA 1.0 kg BORSFFAE R REAA R, HE
NESSFRRELEZ) 60 do S3 b, B B —dIARUSINA P e 5%
TSURAE X R o B Rl AL A T E DL | 3
S, R E 3 AER . IR S — e
A6 B2, NF: Normal Fertilizer) . 75 ¢ i £} (SF:
Sludge Fertilizer) 1 4= 9 i IE#} (BF : Biochar Fertiliz—
er)o HENESE LG = FIAEE S B TR 235000 .

1.3 B¥EFHELE

S A BB AR R TR S Y
TSP . ERERIBRER AT 20 MR R 5 TS T
i, A o HIEA BT L3R 2.

GARSLIGTER N 15 emy HASH 20 em REIFEIA
RO IAT o BWIN 5%F0 10% 04— B ALK 751
NEBHFRIAE Dy i NERE, 43 38 5%NF (10%NF .5%SF
10%SF .5%BF . 10%BF , [R5 B AN G AL () X6) BE
4,308 CTo WA R T 4 AR, 3t 28 M 4b
B, AR AR TR 5.0 keo

PEHULIT 20 5 5 SR04 il 3 4 . #R 4
FhFJ5 SEA T PR )b DL GRIE A 4 — 0 1 35, kA T
HUEK R 50 d JEE] . L B FREE I, 1
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Table 2 Physical and chemical properties of sludge,

biochar and soil

Wi dR 151 V5P e +-4
pH 7.50+0.02 10.00+0.04 5.32:0.03
MR EC/S em™  524.67+1.78 87133378  203.67+2.22
LR BET/m? g 0.6020.02 13.05+0.04
N/% 0.6960.002  0.337+0.001  0.261+0.004
C/% 14.84120.098  7.841:0.015  3.078+0.023
H/% 2205£0.020  0.626+0.032  1.038+0.034
S/% 4.097£0.063  3.818+0.081  3.960:0.038
K/mg- g™ 9.82+0.03 20.33+0.06 8.37+0.05
Na/mg* g™ 4.61x0.02 10.57+0.05 0.86+0.01
P/mg:g” 4.53+0.08 7.28+0.05 1.51£0.02
Ca/mg*g” 6.78+0.02 39.66+0.11 0.03+0.00
Ni/mg kg™ 31.34+1.17 30.97+0.74 19.82+0.52
Cr/mg kg™ 69.02+1.12 97.98+1.60 57.50+0.81
Mn/mg-kg™ 403215021  565.69:0.61 3 629.81+25.48
Cd/mg kg™ 1.15£0.09 0.85+0.05
Ph/mg kg 43.98+3.03 28.92+7.56
Cu/mg kg 90.17¢0.02  122.10+1.51
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pH {EFTHL S 3850 51 F pH 31 UB-7(Ultra Ba—
sic, US) F1HL 71 Cond 3110(Tetracon 325, Germany)
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nia—oxidizing archaea: AOA) F1Z E L4 7 ( Ammonia
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HESII(ULEE 1),1 wL DNA B8, PCR WV A& 1FM
95 CHIZEE 2 min;95 CZEME 105,55 CIR K 305,72
CHEFH 1 min, 40 TMEHF ;72 °C, 10 min. AOA Fl AOB
() b e Ml 2638 1 % pGEM —Teasy #& {4 (Promega,
Madison, US) ¥ A 1 3EAE ST A5 2 amod FEH .
SHTA 168 rRNA FTELTA 18S iRNA 11475 #fE ih £&
1 DNA JE R HE BRI 43 ) N Escherichia coli F1 T+
PR B — A LR 0 RE AR A5 0 8 1 B KA
(919%~98% ), R> KT 0.992, I HA7E Fu 42 il Hh & A W
HEES,

1.5 Eitath

SIS T A ECHE ] Origin 8.0 2K A1 &1 3 SPSS
19.0 #4751 53H7 , R H Turkey(P<0.05) L2 74031
LIS

2 HER55H
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2 BN A Rk BRS¢ RIS JT
R, N FMH TR, I5RMES R H TR S
AR (A& C/N AU 21.32 F+ 2 23.27, 1511
pH i 7.50 F+% 10.00., HLF 20 AL 0 66.07%, H
524.67 pS+em™ M E 871.33 pS+em™. FFIL RIS
VLA 1S 2 i 25 s, HL LR T 0.60 m?- g™
W2 13.05 m? g, AT ESE Ni §EEALN
%, Ph A Cd & iR, HoAth oo 3= & B .
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pH AT, B T itk s B SR e — RIERL 5 R IE
BE AR B A R G R 5 = FIIE R C/N AH
I, 290 12,8 920K CaNa K Al P 19 & H HE—
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Table 3 Physical and chemical properties of fertilizers used

M&ID — B TR AR IR
pH 6.80+0.00 6.860.00 6.88+0.01
H 3R EC/pS em™ 3 370.00£6.67 1 218.67+3.56 1 806.00+1.33
C/N 11.60 11.78 11.59
K2R GlY% 7545 87.5+4.5 9525
K/mg* g 9.84+0.21 13.61 £0.03 1597 +0.08
Na/mg* g 1.7620.01 4.29 +0.01 5.25 +0.02
P/mg- g’ 8.44+0.33 8.80 +0.45 9.83 +0.40
Ca/mg* g’ 3.85+0.04 17.06 0.13  21.10+ 0.01
Ni/mg* g 8.31x0.51 11.30+0.78 40.29+1.65
Cr/mg* g 12.4120.13 30.37+0.26 41.1620.37
Mn/mg* g™ 476.00£0.92  463.91:0.81  551.91+4.55
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Figure 1 Soil pH, EC and salinity before and after plant under

different treatments
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Table 4 Bioavailable Mn in soil and total Mn in cabbage before and after plant under different treatments

A RS ISR o
pheLl . , ,
PR /mg - kg™ B G /mg - kg™ YU % H 5 mg kg ST /mg kg

CT 0.35+0.02 0.34+0.02 1.94 0.52+0.03 2.48+0.18
5%NF 0.42+0.02 0.30+0.02 28.40 0.39+0.03 1.30+0.03
10%NF 0.42+0.03 0.31+0.00 26.92 0.45+0.07 1.32+0.09
5%SF 0.37+0.02 0.22+0.01 40.77 0.53+0.05 1.32+0.02
10%SF 0.37+0.02 0.21+0.02 42.73 0.51+0.01 1.02+0.00
5%BF 0.41+0.02 0.33+0.02 19.75 0.50+0.03 1.96+0.03
10%BF 0.38+0.01 0.26+0.02 32.25 0.47+0.03 1.28+0.01

TE " U k=] (RMAE R PR ) /FPHEHT 1< 100%
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Figure 2 The change of different species manganese in soil before

and after plant under different treatment conditions
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under different treatments
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