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Influence of Low—-temperature Pyrolysis Treatment on Bioavailability of Heavy Metals in Pig Manure

WANG Wei—jin, LI Bin, LI Lian—qing", PAN Gen—xing, YU Xin—yan, WANG Jia—fang

(Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China )

Abstract : Animal wastes often contain heavy metals, thus posing environmental risks. Carbonization by pyrolysis is an important approach to
reusing waste biomass. In this study, an experiment was designed to investigate the influence of low—temperature pyrolysis treatment on
bioavailability of heavy metals in pig manure. Pig manure samples, collected from commercial pig farms across the China, were analyzed for
heavy metal contents(arsenic, copper, zinc, cadmium, lead and nickel ) and also subjected to pyrolysis at 350 °C, 400 C or 450 °C. The
ranges and averages of heavy metal content(mg-kg™) in pig manure were 261.6~2 564.5 and 928.2 for Zn, 87.98~700.6 and 294.7 for
Cu, 2.19~7.17 and 4.80 for Ni, 0.45~19.57 and 3.60 for As, 1.69~4.02 and 2.39 for Pb, and 0.10~0.17 and 0.12 for Cd. The greatest varia—
tion was 155.7% for As. Metal content in the pig manure—derived biochar was increased by 57.7% ~104.4% (Ni), 59.7% ~99.4% (Cu),
50.7% ~94.0% (7Zn ), 47.1% ~73.5% (Pb), 30.8% ~61.5% (Cd) and 17.1% ~30.5% (As). However, the bioavailability of metals in the
biochars decreased greatly. DTPA—extractable metals in the biochars were decreased by 94.4%~95.4% for Cu, 91.9%~95.1% for Ni, 91.3%~
92.5% for Zn, 80.4%~81.0% for Pb and 76.6%~84.0% for As, as compared with the pig manures. It suggests that low—temperature pyrolysis
could reduce the environmental risks of heavy metals in pig manures.

Keywords: pig manure; pyrolysis; pig manure—derived biochar; heavy metal; immobilization; bioavailability
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HeiEL (ICP-OES, Agilent 710) #4743 4T 225 As 11
e R 121 FEoK B AR TH AR, i R -2t
ICCAF-610A, Jb 5 K A1) ) HEAT 43 B 5 RS CuZn,
Cd . Pb Ni 435 % F} DTPA-TEA 3542 ([ Lty 1:
10)™ 5@ 1k ICP-OES #E4T 43 #7 5 SRS As BN E R
H1 0.5 mol - L"'NaHCO; #2 £ ( [ Lt 4y 1:10)™, fifi
AF-610A #4750 HT. BRI 3 A PATHE.

T2 AR ESOR (% ) = K5 SN o il 45 0 A
Py I 1) 3 et A T i AL T 2 3 1< 100%

HEEBPUR (%)= 27 H 8 4 )8 7 -
Yy 5 e H B 4 R 1 AR [MTISCR ) g 2SI
48 & HEx100%.
1.3 BIESIT O

Bd % 1 SPSS 17.0 F1 Excel 2007 #4748 114>
BT, IF R F e/ N 2 22 850k (LSD ) kA 74 [ Ak R ) 2
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Table 1 Content of heavy metals in pig manures

TiH As Cu Zn Cd Pb Ni
AWK ETE/mgkg! 0.45~19.57 87.98~700.6 261.6~2 564.5 0.10~0.17 1.69~4.02 2.19~7.17
SEH4 O i img - kg 3.60 294.7 928.2 0.12 2.39 4.80
75 5 Z K% 155.7 75.28 71.00 34.20 33.75 35.93
X IRAEZ (2005 )n=29/mg - kg™ 5.02 4522 656.2 4.6 17.4 16
(5 542006 )n=20/mg - kg™ 59.96 1018 1064 12 9.75 9.98
T YE S5 1999 )/mg « kg™ 1.1 37.6 137.2 0.9 13.2 12.7

R R m O R DL T R E TR . T



996

R S Y 4 EESH

FEL 433K 0.45~19.57 .1.69~4.02 mg-kg™ 1 2.19~7.17
mg ke, X E R 3.60.2.39 mg-ke™ Fil 4.80
mg-kg™; Cd W% & Ak, A REE R 0.10~
0.17 mg-keg™ , PIEALH 0.12 mg-kg™',

R 5 SR AR 2005 AFEAGINAY 14 A8 0 05
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[ 2 14) T B o X ] R 30 T LA [ 50 3 8 285 e
() A LA R R RS s e s il A O . (3 S
TS SCAF T 1999 4% 3 A 254 A LL , AR 5T
BN AE 9 Cu Zn As &5 B4 B3R 683.7% .576.5% .
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R AT R A
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KRS 0 28 5 4 i O kD e 4 SRR
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AR S B FE ES R SRR KNS
22 RBHARNBRUNBEEYRRELESEN
=)

ANV AR i b P 5 8 36 AR W ook T EE 4 )
LY TR 2, BELMBHAREOH)E, B4R
FESE ZEHE W e e 3 103530 TR, Ni\CuZn Pb,
Cd F1 As BN AR AT 43 A4 & T 57.7%~104.4% |
59.7%~99.4% .50.7%~94.0% 47.1%~73.5% .30.8% ~
61.5%F1 17.1%~30.5%, fif H_bifi 5 PR f I8 L i T
AW i CuZn Cd Pb Ni (734 % & 5
K R AR TR g X 2R T IR
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KA B AR ) B o3 Q2R R R AR AR TR
Jo 243 it ST 5 TR A T 280 (L i 2 A0 4 e VL B 1 T
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Table 2 Content of heavy metals in pig manure—derived biochars by pyrolysis at different low—temperatures

JLE miH JERE T350 °C T400 °C T450 °C

As L El/mg kg 0.45~19.57 0.75~22.40 0.84~24.40 0.86~22.64
Biiti/mg- kg 3.60b 6.77a 7.32a 6.57a
75 5 Z R % 155.7 150.7 141.2 1323

Cu E Il /mg - kg™ 87.98~700.6 106.66~1 049.33 113.93~1 306.02 142.53~1 449.73
fHi/mg kg 294.7h 468.1a 533.8a 584.4a
5 5 B K % 75.28 74.43 78.83 79.72

Zn Vi El/mg kg 261.6~2 564.5 349.61~3 289.09 367.56~4 856.34 426.05~5 197.45
Biti/mg kg 928.2h 1 388.3a 1 682.2a 1 787.0a
75 5 Z R %o 71.00 64.63 77.33 77.47

Cd it EEl/mg kg 0.10~0.17 0.12~0.28 0.12~0.33 0.15~0.33
Hyffi/mg kg 0.13b 0.17a 0.20a 0.21a
5 5 B K % 34.20 28.31 28.44 25.45

Pb FrE /g kg™ 1.69~4.02 2.35~5.61 2.99~6.10 2.64~5.80
il /mg ke 2.39b 3.50a 3.95a 4.13a
75 B Z R % 33.75 28.26 25.24 25.79

Ni FrRYEE/mg kg 2.19~7.17 3.68~11.77 4.10~14.28 4.29~16.26
Hffi/mg kg 4.80b 7.49a 8.70a 9.71a
5 5 2R % 35.93 31.47 36.03 39.14

I R PR —AT ARVNG FRACGR A B Z A R 5 22 57 (P<0.05) . T 1AL,
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Table 3 Recoveries of carbon in pig manures after pyrolysis at

different low—temperatures( % )

TiH T350 °C T400 °C T450 C
IR 50.83~69.88 41.74~64.46 38.81~60.22
yff 58.57a 50.06b 45.74b

S5 AL 11.32 13.98 14.40

IR I A 2 T 2 5 2 AR W o e ) 3 R P
SIRAFAE—E IR IS . M2 # P As (Cd,
Pb Zn.Cu Ni #1240k K 23.71%~29.41% . 17.93%~
23.75% 12.27% ~20.10% .11.95% ~18.15% .7.91% ~
14.16%F1 6.63%~9.82%. JEIRFE K, As KK,
Ni [ d/N, AT RES R R HE 42 8 HAA I AS [R) 1
CUNFE AR ) A 0, FUBE AN TR PR A R T Bk 3
B, EEEAEY T S As Cd Ni Pb 45 5% il A 24 fig
TR B AE A3 /IN A Cu Zn 135 2k Bt 42 At T B 1)
FrEmsE (& 4),

F 4 BEEZTRRBANBEESBNREE(%)

Table 4 Loss percentages of heavy metals in pig manures after

pyrolysis at different low—temperatures(% )

P IR
T350 C T400 °C T450 °C
As 29.41x14.15a 23.71+11.57a 28.40+11.39a
Cu 7.91+4.43b 12.81+5.01ab 14.16+8.28a
Zn 11.95+8.69b 13.75+5.04ab 18.15+4.92a
Cd 19.40+11.40a 17.93+14.04a 23.75+14.03a
Ni 6.63+2.94a 8.67+3.59a 9.82+5.58a
Pb 12.27+11.95a 14.58+13.25a 20.10+14.60a

Z: N TR 5] A HENE rh 5 PR AR E (3R 5) , 1
AHE TR 58 HERE bl AL IR P A B4 35 1 10
GAEIABE  [E ZhR e, (H T Cu Zn 2 FE P
RN EGEILR , 7R H A B e b 5 ke
PRELGCS, Rk, FEFEW T Cu Zn iR A
(L B RIS, 1T H PR IRLRE i T g, B AR XL
SR (K 2) 0

AREFEE N 8 S S AR AR S
< AT PR AR I B 4 A RGeS T

RS RERAKEPESRERERAE(ng-kg)
Table 5 Heavy metal limits in matured compost in China(mg-kg™)

i H As Cd Cr Cu Pb Zn Ni

A 50 10 500 — 150 — 200
B 50 — — 800 — 2700 —
C 30 3 300 — 100 — —

T A CHPL-TEHLE TR E 245 1) (GB 18877—2009) LA -5 pH
6.5~7.5 il s BCE B 2082 400 FHVEI ) (NY-T 1334—2007 ) ; C{I
JEFIAR FIRIEY(GB 8172—1987).,

J WA 4 %o} 4 i W SORT ¥ R B, AT A
TEEFERES RN ELEREY, BEEAES
WAV TR E L B A BES TR 6 Jin . M3
JRFE 4 J® Cu.Zn Ni As Cd.Pb B9ARE & &
4351k 148.0.375.6.2.28 .1.15.0.04 .0.36 mg-kg™, Tfij
R R AR AL PR S | JE 2 A Bk Cd 1A 8K
AARKH, HoAh 5 FpEE 4 8 1A 0SS & W E L
76.6%~95.4% , . Cu Ni.Zn . Pb As [ 0E B 4K
N 94.4%~95.4% 91.9%~95.1% 91.3%~92.5% .
80.4%~81.0% .76.6%~84.0% ., F1IHA] I, JE 2241k
AR EASSHESEN S EA I, A
Pt B AT 2 PR 2 A Y ok h A TR 1 AR )
B PN X5 e Y AR R AR 9 L &
MBI EER Gl A R A G , B4 E A
RS SRR RS, PSR AL PN A w4 R R B
TR M EIACECR . — SO Ak B A
BRI AEY ORI FLBRZE R & ik, HERRBER, 55
FrACRR R TR, SR B RE 7 M), i HLE B 3 41
B REATERZ | S AU B Re A AR M ik ) R TR A
B Aar, AT DA EL A 55 v 1) BH 8 sc fe e g, e i
R 4 A T AW R T RT RE AR AR e il Ak
— RSB ZEAE Y T e B A SR A AR R 22—

FH IR D0, B AR VR FA X 2 b i 4 ke
SR AT B A RO o 32X — 7 THT AT RE & FH T 7ESE ZE AL
f AR AU AR e T K o e T 5 E 4
J& %A SO A PE AR , I R K AR 28
T 1 A A OPERT I — T T AT RS T E
G )& ny F ALY TE IR 2 oK S Ak ok 4 e A8
Hps i B 2w, RBESRIEEN TR, A
SEIE Y R TS e A W e 5 HAE TS Ve AR AR HEAS
{ERS 2 Ep 11778 e s e g T SR R Pa o S i T
HARCH S T BRI P . Song SEFFIT LK
B, IR 450 CTF il 25 75 Je A= 9 B s AN AT
LA R ) 3 4 S ot R W, 1 L5 e A= 4 Bk
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Table 6 Concentrations of available heavy metals in pig manure and its biochars obtained at different low—temperatures
JLR TiH JERE T350 C T400 °C T450 °C
As FEVLE/mg kg 0.19~5.34 0.07~0.95 0.02~0.67 0.04~0.80
HI{E/mg kg 1.15a 0.27b 0.18b 0.21b
AR R B % 127.99 93.26 97.18 95.71
Cu T fl/mg kg™ 19.45~300.8 0.73~19.52 0.36~14.16 0.57~22.80
) {E/mg kg™ 148.0a 7.71b 6.84b 8.24b
AR R KU % 59.91 76.80 74.60 83.85
Zn Fr iU H/mg - kg 126.7~518.5 6.71~44.60 6.90~56.19 6.93~97.81
Hi{f/mg kg™ 375.6a 29.99h 28.05b 32.67b
5 R B % 53.88 39.80 50.92 75.30
Cd T JuEl/mg kg™ 0.02~0.11 0.00~0.01 0.00~0.01 0.00~0.01
Y{E/mg ke 0.04a 0.00b 0.00b 0.00b
AR 5 2250 % 58.42 76.30 81.15 67.56
Pb H el /mg ke 0.23~0.58 0.04~0.11 0.03~0.12 0.03~0.12
H{E/mg kg™ 0.36a 0.07b 0.07b 0.07b
5 5 2% 30.72 34.56 40.45 35.84
Ni Sy Fl/mg kg™ 1.02~3.85 0.05~0.90 0.05~0.19 0.06~0.16
Y{E/mg ke 2.28a 0.19b 0.11b 0.11b
SR2BU% 42.10 130.24 40.69 31.34
B E TR K 1S T R m A Ty ik HUANG Ye~fei, DONG Hong—min, ZHU Zhi-ping, et al. A review on
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