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Immobilization of heavy metals by modified biochar during composting of pig manure

LI Ran'>*, MENG Hai~bo*, SHEN Yu—jun*, ZHOU Hai-bin**, ZHANG Xi**, WEN Hong-da'"

(1.College of Resources and Environment Science, Agricultural University of Hebei, Baoding 071001, China; 2.Institute of Energy and Envi-
ronmental Protection, Chinese Academy of Agricultural Engineering, Beijing 100125, China; 3.Key Laboratory of Technologies and Models
for Cyclic Utilization from Agricultural Resources, Ministry of Agriculture, Beijing 100125, China)

Abstract: Residual heavy metals in pig manure compost are a potential risk to soil and food security. Three kinds of biochar : unmodified
biochar, NaOH-modified biochar, and FeCl;—modified biochar were added during pig manure composting to illustrate their heavy metals im-
mobilization effect. The temperature, pH values, and EC values of the compost were determined. The distribution of different phases of Cu,
Zn, and Pb was detected by modified BCR sequential extraction method, and their immobilization rate was determined. The results showed
that all four treatments met the requirements of harmless treatment when the temperature was maintained above 55 °C for over 5 d, and the
seed germination index reached 80%~85%. The pH values of the four composts were 8.0~9.0. The EC value of composts treated with FeCl;~

', while the EC values was just above 4.0 mS+cm™ in the compost treated with unmodified biochar and

modified biochar was 3.53 mS-cm”
NaOH-modified biochar. The immobilization rate of heavy metals was significantly higher in biochar treated compost than in the control.
Furthermore, the immobilization rate of Cu, Zn, and Ph(78.70%, 43.53%, and 66.45%, respectively) was the highest in the compost treated
with FeCli—modified biochar among the three kinds of biochar. These results suggest that modified biochar can improve immobilization in
pig compost, and indicate its potential to alleviate the risk of heavy metals contamination of pig manure treatment and disposal.
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Table 2 Physicochemical properties of biochar

BN

Specific surface

B P UES

Biochar species

Ttz EINES pHH
Aperture/pum  Porosity/%  pH value

area/m’- g
Rk 4.12 4.10 71.25 7.92
Unmodified
NaOH g 1 4.33 2.18 70.40 9.74
NaOH modified
FeCla2it 1k 28.39 0.14 78.57 4.53

FeCls modified

F1 AR B R

Table 1 Physicochemical characteristics of compost materials

o RRREAR  BRERAE o GOREAK  WEAK POREAK
Ykt AR Total Total it BRA L fraction of fraction of  fraction of
Material Water content/% Total carbon mass Total nitrogen C/N ratio Mass fraction o Mass fraction o Mass fraction o
o fraction/% mass fraction/% Cu/mg-kg™' Zn/mg-kg™! Pb/mg-kg™
¥4 Pig manure 69.16+1.23 9.04+0.11 0.56+0.12 16.14 1070.45+33.45  1456.55+51.32 120.14+11.63
FEFT Straw 11.75+0.41 42.17+2.34 0.76+0.12 55.49 3.44+0.31 15.25+0.32 2.61+0.03
HE W) )¢ Biochar 6.77+0.23 69.32+2.63 1.01+0.22 68.63 0.09+0.01 0.51+0.07 0.33+0.03
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Figure 1 Sketch map of static pile composting reactor with
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Table 3 Modified BCR (European Communities Bureau of Reference ) sequential extraction method

JEZS Morphology HEIF) Extractant

4 7% Operation method

A A2 725 EXCH( Exchangeable form)
L JRZ RF(Reducible form)

0.11 mol - L' yK it iz
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g

2 mol - L™ (I fiF BRI 15 pH A %2 1.5

AL OF (Oxidizable form)

5t 2 RESI(Residual form)
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1 mol - L™ B R % , IR VA 1Y pH{E % 2
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AL 2 0 (R YR %), AT mol - L™ B BR 2% , £ 7% 16 h, 3000 r+
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B S R R T R R TR 2307

R4 REEHLYE
Table 4 Data of quality control
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Figure 2 Effect of different treatments on its physical and chemical characteristics
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Figure 6 Chemical fraction changes of Pb in different treatments

before and after composting
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BJa B 2¢ BT, BT HERE PR B |, 75 R 2R
B SIE K Fe(OH)sChICETEZR) , R mifb 4 PERE
AR am H b2 AR K, 5 K @ IE B OH R OH, 25 3 [
o A o A sk WA VA | 4 N o ey
1,5 OH PR IR & A= 38 e e i ) oL, T8 1 4% 6 ™
DAL 3k A R e i Ak A 4 i T o ) 3 s
HROE N [ B 4 T 11 i A AR 38 40 2 o T U N R i
AW AL (P<0.05) . — % pH 3SR, 2 &
REJ1 3 as , 2 A e e e ol . (AFEBME S T L %%
JERE -4 R B T RE A T TR, BEE T2
EF LU XAATE . B 2 o] 1, HERE D)3 F3
Ab 3 (TSN FeCls UM A= 9 ¢ ) 52 55 R, A= 0 43
A AL AR E W B oL, HEE G A SR 5
F &R AR I 45 A s B A T R 2 b B AR 3
JE b A — R A, X AR A Bl A R AT
HE X AT RE A FECRAN FeCls i M A4 4 e Xo) T 43 I
BEAL SR T HA A A B TR A

4 it

(1) FESE ZEHENE 128 78 b igs in ke 1 A=y Joe ] i 2 4
J& Cu.Zn . Pb HH{E MR R B A 6 PR AR i T 5 5
b, FL At A 50 A R S i 2B ) e A FRLAR 5 1.81~5.76
15, NaOH 1 FeCL B B AR T} 1 4748 A I i) o 4 JR Bl
BB

()G K F , TEHENE i 72 v FeCls UM A ¥ 1%
(JEFET W0 1 24% ) X FE 42 J& Cu Zn \Pb A3 A AT
4t Ak BE ), A R AR IR R 78.70% . 43.53%
66.45%.
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