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Influence of biochar on the aerobic compost of pig manure
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China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3.Chaimihe Agriculture Science and Technology Develop-
ment Co., Ltd, Huai’an 223002, China)

Abstract: In this work, we used sludge and pig manure biochars as additives for the aerobic compost of pig manure to study their effects on
temperature, pH, electrical conductivity (EC), nutrient content, and heavy metals during composting. Our results showed that the tempera-
ture of the compost pile added with sludge biochar reached 50 “C on Day 10, faster than the control, which reached that same temperature
on Day 12. However, the compost with sludge biochar addition did not meet the hygienic requirements for the harmless disposal of night soil
(GB 7959—2012), due to its short residence time in the thermophilic phase. On the other hand, the temperature of the pile added with pig
manure biochar reached 50 °C on Day 4, reaching its maximum at 66.2 °C(a higher temperature than the 63.4 °C of the control) and satisfy-
ing the GB 7959—2012. The concentration of soluble salts in the two piles was reduced by adding sludge biochar and pig manure biochar,
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respectively. The addition of pig manure biochar reduced the loss of ammonium nitrogen and promoted an increase in available potassium

in the compost pile, while the addition of sludge biochar had the opposite effect. Furthermore, the addition of sludge and pig manure bio-

chars in the compost increased the residual fractions of Cr and Cu: from 93.82% and 36.78% in the control, they reached 94.44% and

41.94% with the addition of sludge biochar, and 94.27% and 60.26% with the addition of pig manure biochar, respectively. These results

indicated that the addition of sludge and pig manure biochars improved the immobilization of Cr and Cu in the compost products. Moreover,

the addition of pig manure biochar could reduce the potential ecological risk of compost products. Overall, pig manure biochar is more effec-

tive when it is added to the compost, compared with sludge biochar, and it can be used as a suitable compost additive.

Keywords: pig manure; aerobic compost; sludge biochar; pig manure biochar; physicochemical properties
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Table 1 Basic properties of raw materials

AR AT A

H 43 J& W ¥ Heavy metal concentrations/mg - kg™

FE EC/ Ammonium  Available Available
C/N C/H  pH o . .
Samples mS-cm nitrogen/  phosphorus/  potassium/ Cr Mn Ni Cu 7n
mg kg™ mg kg™ mg- kg™
s 17.27 052 7.94 4.55 364..28 1 140.62 7799.04 31.43 554.37 16.94 217.37 1552.12
e 71.38 0.57  6.57 0.97 10.16 32.98 368.45 16.69 321.47 0.70 3.86 74.20
HleAY e 3193 326 8.13 2.68 10.02 17.96 103.56 5335.62 4267.78 132590 7087.30 5240.41
WA 5442 136 9.66 3.68 9.64 33.73 454.35 102.80  2477.23 59.12 829.86 3584.24
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Figure 1 SEM pictures of sludge biochar(a) and pig manure
biochar(h)
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Table 2 Pore properties of sludge biochar and pig manure biochar

VT, 45 « AL B O B3 R A S0

oy BET LRI AL B ALIAF Total L AR

S m]j Specific surface pore volume/ Average pore
amples area/m’- g em’g”! size/nm
15 URLEY B 9.283 8 0.037 7 16.248 1
LEERYS 19.409 1 0.071 1 14.656 4

1.2 HEPESCEE

HERE e B PR FR LY 30 LA SRHAIRAE . 16
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Figure 3 Changes of pH during composting
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Figure 2 Changes of temperature during composting
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Figure 4 Changes of electricity conductivity during composting
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2.5 RIMEMRITHEERESEREF BCRESH I

HE R RS A Wk B AR A R 4 ik . o
HENE 5 H 4 e 1) | A R B(EF) AT

EF=C./C, (4)
K CoR G AR FHENE IS B 4R VR, mg -
kg™o

HENEHT , 6 B8 2H B4 J@ )k FE AR A Zn>Min>Cu>
Cr>Ni, Hrp Zn 19 5 5 T 1300 mg-kg™ 5 S 1T5 U8
A= 20 1Y) T 4 VR A L ARIR Ry Cu>Cr>Zn>Min>
Ni, BR Ni LAAh , 34 8 B9k B Y8 3 1050 mg- ke ™' s s
TR S A 1) o 20 1) i 4 Jem e SR v 0 BEAH L (BLAI T
WG A . MRS, 3 MR 4 R W
HSEI TG HE R R BT 1. &R
R HE N S R R A AL R R A B COL TN & 9 o 1
FERIVR SRR E S B E LY, S5X M4
Fo, A R A )R s R R I — T
R, A s s Ve A= 4 e 4L 1) A R B/ L X
FIHE A b ) JoT R A FN5E R R B A OC R R B 4R
R R BT R AE W R FE AR C/H iR 3] 3.26 , HA B i 1)
J5 Ak SRR E R,

BCR ¥ 24 Bk )iz s v FH T 55 4 )@ n9 B 28
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Table 3 Changes of nutrient contents before and after composting

EFEICZ Nutrient elements Ab P Treatments

HEAL AT Before composting/mg -kg™ HEARJF After composting/mg - kg™

MR B A/%

SR Xif B 408.81+31.49a 361.29+20.08a -11.62
WIS e A e 406.20+52.26a 321.08+5.79h -20.96
IS ¢ 342.96+17.90a 308.31+2.57h -10.10
R Xif 1675.00+184.55a 2172.99+109.59a 29.73
TSI e A e 1 498.66+87.69ab 974.47+44.87h -34.98
WIS A e 1256.61+52.55h 1229.86+99.57h -2.13
B Pagii 6765.61+185.93a 10923.83+204.41a 61.46
TSI e A ) e 3686.42+99.64¢ 4825.13+78.88¢ 30.89
NINAEHEA ) ¢ 5043.64+149.60b 8255.66+572.13h 63.68

VE : A AN FRER R AL R R 22 57 .3 (P<0.05) o R 1]

Note:The different lowercase letters in a column indicate significant differences among different treatments at P<0.05 level. The same below.
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AR AT RS ; Al i A5 ) & T AR RS E 1 4 R P
A, HENERT S E A BB SN AR S s, X)
T B, HENE JS Cr 9 33 9 25 L4538 5 M 9 A2 9
AT ) FHES LA REAEG 5 Ni B9 25 9 ] 1) 2 B A3 R ATG L (2L
Bt A5 Lo s 2 BT IR T A a3 s Co A Zn 9 AR )
AL P H A0 n, 55 v S EL A R AIG . Fh el DL 3
AE L FEAS ) T B 4 )@ Ni, Cu il Zn 95 E AL, X 5 ]
AR B B AER A Y AE AR S, S A T R A
GEAE AL o 3 AT f A DR A M T B 1) A e, 9k B %
e L R R A R, S ESEA G
LA R, SO B AW E SR WA 5 Y
BEEE IE AR, HEAE R BRI A TS Ve A= 1 o ml LA 3
T Cr 1 Cu Y 55 3 285 LU A5 5 HENE IS 5 6 REZHAH FE , s
T iE U A W e 2 Cr AT Cu 1Y 5% 3 25 L 51 43 51 DK
93.82% #l136.78% 1 % 94.44% K11 41.94% ; {HJ& Mn . Ni
1 Zn B AEY AT A S H ] 280 BT AR S b ] 2
TGS TR A Y el HE 4R A8

A TS i e A= 1 e AL ARLRI 5 3R RE i 5 % BE 2 AR
FE, IS TINAE 2 A= ) e 20 Cr T Cu A 5 78 25 HE 091) 9 531 348
% 94.27% F160.26% ., ILAN, T INHE 26 A= 9 e 4 Cr,
Mn 1 Zn (1) 4= 497 01 ) FHZS E B EE S s 8 A 9 e 41
T, R A B EE LTG5 Ni AT Cu Y A 3 ] ) 285 ]
FE s s Ve AE M e 4G, AR A LA e Iy o SRk
Ui, AS R A= 9 0% B I A 5 4 Ja B B i A e 22 5,
JRHEEES (DEYRPEESRIEESNZRRET
YA v 4 B TR S 3 A1 5 (2) HEKIR JEE pH EC X
BN 2Z RSN T ESE SA VY JE R &
YIRS A R AN ] 5 (3) S W A AN [R) A 40 e ) A
FH R X E 4 S ) [ AV AR A 22
2.6 MEX T

HEREAE it v B 4 S A T A A A XU T A 5 SR A
FEPRANFZ 6 7R o HERE 5 X HEZL Mn \Ni, Cu F1 Zn (975
FEAE SRS R B BT O [RVRR FE R B4, R Ni A
Cu B INIR ALK o XF U5 Je A= 9 o g 2 4

x4 HEMIFEERRENEZL

Table 4 Changes of heavy metals concentrations before and after composting

48 Heavy metals AL Treatments Ci/mg kg Co/mg kg™ EF/%

Cr POpi 29.57+1.69b 73.75+0.99¢ 2.49

NI IRERIAEEL b/ 3850.99+91.22a 4417.23£35.02a 1.15

R 2 A Wy ok 94.31+5.60b 147.53+4.73b 1.56

Mn Xt Hi 525.06+27.77h 1163.15+28.58b 222

N INGRIAEEL /P 1071.48+40.90a 1073.62£10.28¢ 1.00

IS ZE A9 ¢ 1 108.40+24.32a 1333.80+21.19a 1.20

Ni it Hi 14.90+1.25¢ 34.90+1.82¢ 2.34

NIRERILAEEL /P 688.30+9.92a 772.38+9.75a 1.12

ISR ZEA: W) e 56.91+1.31b 72.517.13b 1.27

Cu Xif HR 190.50+7.66¢ 510.74+68.99¢ 2.68

NIRRTt /b7d 3937.99+148.34a 4252.72+28.54a 1.08

I InE A Wy p 511.18+14.19h 821.54+6.57h 1.61

Zn Xif 1366.11+51.03¢ 3426.81+56.87b 2.51

WG Je kA e 2899.69+98.37a 5265.14+39.22a 1.82

NI ZE A=) ¢ 1536.31+39.68b 3463.28+28.07h 225

x5 HIERIEESRESHNTN (%)
Table 5 Changes of heavy metals speciation before and after composting (%)
Kb Treatments cr Mo N Cu Zn
F1+F2 F4 F1+F2 F4 F1+F2 F4 F1+F2 F4 F1+F2 F4

Xif HE I i 1.40 91.88 42.16 51.48 14.07 80.01 6.39 74.35 19.03 77.82
AL 1.97 93.82 31.21 50.61 8.25 54.76 10.67 36.78 21.21 66.66
NINGRA i 0.04 97.94 24.63 58.53 4.80 65.91 5.47 58.71 15.73 76.79
B HeNe 5 0.12 94.44 47.59 31.05 12.24 42.72 16.70 41.94 22.86 62.16
)ik e HENE T 0.52 97.35 39.22 52.02 5.57 83.72 7.80 77.22 30.37 66.09
B HENE S5 2.21 94.27 57.37 21.18 10.11 52.44 12.46 60.26 30.92 54.47
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Table 6 Potential ecological risk assessment of heavy metals in compost samples
I et A R R B E TR S TR S
Kb B Treatments Potential ecological risk indices for heavy metals ) JXLI@TE‘@IIR o )XL[@*%)E )
Potential ecological risk indices  Potential ecological
Cr Mn Ni Cu Zn for composting products risk degree
payiist e iy 0.18 0.94 1.50 1.72 0.29 4.63 B
HENE 5 0.13 0.98 4.96 8.59 0.50 15.16 B
whnisle e iy 0.04 0.71 3.10 3.52 0.30 7.67 B
R HERE 5 0.12 2.22 8.04 6.92 0.61 17.91 B
WIS FE HENE i 0.05 0.92 1.17 1.48 0.51 4.13 i
R HEE 0.12 372 5.44 3.30 0.84 13.42 A
BB AR A S AU R ALE, TETE A S KU HE 5K I TR A KU R
E<40 1,<150 i
40<E,<80 150<1,<300 g
80<E,<160 300</y<600 e
160<E,<320 1;>600 =
E>320 R

Wy AU, B <5 RS 28 K7 R NE = 24 H BN [ 7
JERHEIN . X R LG, AInTs Ve A= Wy MigE 22k
Yy e ] LLREARHENE 71y vh Ce FT G B TETE A 25 XU 5
R L, 3 b Ak By ZCHENE 7 ) 5 4 I ) P LE
A 2 DU A BE 320 DR B A , LU 5 JO /N B R AR
UCRISIEZE AW e 2 A BRELFTES N5 9 A=W e 4
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