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Abstract: To investigate the effects of biochar on humification and heavy metal passivation of municipal sludge compost, sludge and fungus
residue were mixed according to a wet weight ratio of 1:0.7. Next, three piles were set up, no biochar, and biochar with dry weights of 5%,
and 10% (denoted as CK, BC5, and BC10, respectively) was added for aerobic composting. The results showed that the addition of biochar
to the compost prolonged the high—temperature time and promoted the conversion of fulvic acid to humic acid. Moreover, it reduced the
content of water—soluble organic matter and promoted the decomposition of the compost. Of the three dry weight treatments, BC5 had the
highest passivation effect on exchangeable Cu and Pb, with passivation rates of 78.12% and 97.82%, respectively. Additionally, BC10 had
the highest passivation effect on exchangeable Cr, Ni, and Zn, with rates of 66.64%, 5.88%, and 19.76%, respectively. The increase in Cu,
Pb, and Cr residual distribution ratio after composting was in the order of BC10>BC5>CK, and the increase in Ni and Zn residue
distribution ratio was in order BC5>BC10>CK. The exchangeable components of Cu, Cr, Pb, and Zn were positively correlated with water—

soluble organic compounds and fulvic acid (P<0.01) and negatively correlated with humic acid (P<0.01). The results indicated that the

addition of biochar compost was beneficial for humification and heavy metal passivation, and that these processes were correlated.

Keywords : sludge; biochar; aerobic composting; heavy metal; passivation; humification
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Table 1 Properties of raw materials

A ToKE PR i Cu/ Cr/ Ni/ Pb/ Zn/
Material Moisture content/% Ignition loss/% (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™) (mg-kg™)
15 79.10 71.31 9.09 180.04 142.76 71.84 36.84 856.11
[ 46.90 57.70 34.49 11.39 20.42 19.72 9.42 60.60
Wi 1.39 16.03 71.60 1.14 1.12 1.28 EN oA 72.32

T R B P fE

Note: The data in the table are average values.

Bl &R SEMB KA
Figure 1 SEM picture of biochar
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Figure 2 Changes of physicochemical indexes during composting
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Figure 3 Changes of humus during composting
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AaiALECR A BCS>BC10>CK, i %} Cr.Ni.Zn A 58 4t
BB AR N BC10>BCS>CK, DA Bk i 25 184 i 5 5k
P, Ni Zn 578 2588 i BCS>BC10>CK, 1fif Cu . Pb
CrFR i 3 hn& &y BC10>BC5>CK, CHEN Z:P9f) fiff
1, Cu Zn BlAKAE FH S4B A= 49 Joc FH 22k 384 0 g 38 5
ARG OGS T 4 T Bl A DA AT A 4 A Bl A R R A A
S PR T, AR U N L R 5% F1110% X
&R EEAL TC B2 2500, 1T RE R DR A HE A ol i v e
Yy Can s pa R ) 5 B 4 e 2% TR Bl Ak E 4 )R A
FH©, HE BE o 4] (5~15 d) BCS HE{K HA & 2% & T
BC10, WSS FA 7% HBEAK T BC10, 218 AE J5 199 9 4b F

®2 HRHREERERAEMNEL (mg-kg)

Table 2 Changes of heavy metals contents before and after composting (mg-kg™)

AL Treatment Cu Cr Ni Pb Zn
CK-1f 72.09+1.30¢ 64.43+1.94¢ 38.76+0.78¢ 19.27+1.28be 346.95+6.66b
BC5-1f 70.28+0.06¢ 61.79+2.00d 36.58+1.91cd 18.38+0.55¢ 339.82+12.80b

BC10-1# 69.68+0.97¢ 58.70+0.81e 34.99+2.00d 17.55+0.80¢ 331.28+7.22b
CK-HK 86.80+0.98a 77.25+1.01a 46.18+0.84a 23.34+1.67a 440.49+13.74a
BC5-K 83.70+1.02ab 75.45+0.99ab 43.94+0.73ab 22.07+1.16a 427.28+8.53a

BC10-#K 81.35+£3.99h 73.17+0.21b 41.95+0.88b 21.24+1.25ab 419.45+12.44a

1 [FSAR ) ING B R Ab Bl R 22 53 @ 2 (P<0.05) .

Note : Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).

1% WHART]



2B S B BN S U TR REA 5 JR BA B 1571

(a)

_( b)

S 100 ===== SSSSS S 100
S S
= so0f < s0f
= -2
= =
§ 60 B 'g 60 -
2 2
2 40+ = 401
a Aa
E 20 E{Jf 20
&K &
= -
&) &)
e K e R e K AR B R K
e Nl Ve’ NS A Ve
(o) AL PR Treatment @ Kb FE Treatment
: d
< 1oor” « 1007
= = 7
z =
[ | = L
g 80 2 Z g 80
= YA E=
£ 60f Z 60l
2 2
2 401 Z 40t
2 2
EJ; 201 tni!: 201
R &
“ £
R K R w® KR W R K WK
MR PSSP LS A AR AR
YT E Q,()‘) %(f) %()\Q %()\Q N $()‘3 %(f) ()\Q Q)\Q
Ab PR Treatment Kb Treatment
(e)
~§ 100
=
N
3 80r
.8
§
5 60T
=
=
= 40r
a8
Ei; 20
K
=
N U N N
P PSSP AR
OV ew %(,5 %(f) Q;()\Q %Q\Q

AbPE Treatment
O A4k Oxidizable TR S Reducible
4 RS RPEEESRETN

Figure 4 Changes in the distribution ratio of heavy metals during composting
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Figure 5 Changes of FTIR during composting
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Table 3 Pearson’s correlation coefficient between humus and exchangeable state partition rates in composting

T H Item WSS FA HA Cr Ni Pb Cu Zn

WSS 1 0.979%%  -0.986%* 0.938:# 0.503 0.969% 0.980%* 0.976%*
FA 1 -0.990%* 0.987%% 0.360 0.991% 0.995% 0.984
HA 1 -0.970% -0.446 -0.973%% -0.980%* -0.981%%
Cr 1 0.245 0.984% 0.978% 0.954%
Ni 1 0.321 0.389 0.480
Pb 1 0.995% 0.960%
Cu 1 0.9817%*
Zn 1

T fRFRTE 0.05 3 OOUR ) FH O .25 5+ FRFRAE 0.01 Z3 OB ) AH M 25

Note: * indicates the correlation was significant at 0.05 level (double—tailed); ** indicates the correlation was significant at 0.01 level (two—tailed).

BC5 .BC10 A& Eb A7l 28 1.24 11.99 F12.03,

(2) BC5 X} Cu. Pb 7] 22 4 2% 46 1k % 2 51
78.12% .97.82% , BC10 %} Cr,Ni. Zn A] A2 # 25 Elifb %
43 591K 66.64% .5.88% .19.76% ; HENE 5 Cu . Pb. Cr 5%
T 2545 TC 2 80 44 22 3k BC10>BC5>CK, Ni . Zn
B i 253 L 2R 1 2 3 R Bk BCS>BC10>CK, #3
MR A i 7 4 i 1 LB R 538 I AR W e s o L 491

(3)FTIR 4 b R & B, HENE AL UEA HLY 43
WS INA P e AL A Rl m , R e (n—OH 5 &
W C=C) & , A A T HAL ik S5 E 4 R Bk .

(4)Cu.Cr.Pb J Zn W] 403540 43 T 1 45 5 K
PEAT ALY SR B 2 1IE A 56 (P<0.01) , 55 W AR 5L 0 f
M OC (P<0.01) , 5 & B R 5% i 25 1F A ¢ (P<
0.01).
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