Ll K F2AR 2015,36(5) :54-60 http: //xuebao. scau. edu. cn s

Journal of South China Agricultural University doi:10.7671/j. issn. 1001-411X. 2015. 05. 010 Ll

T OB, KO, B A, SF TS TR AR BE R )X g R I 2 B AR R [T ] AR ARl R 2274, 2015,36 (5 ) :54-60.

SRR REMNNENEEBRESEIENERNIZI

T E,. K W, E X, T, #FE, FhE

(B RLEXF FREAZEFR, S F )M 510642)

[ H A ] RRACTS U8 I ) o 4 el PR IR [k ] SR FHIAS [ i A 88 R T 0F 5 35 8 e A 7 ) ¥ 4 J 2
E"?’Fﬂﬂ%j‘l},J’r%{%ﬁﬁaiﬂﬁﬁiff@?ﬁfﬂ{?dﬁﬁﬂﬁﬁ%ﬁiﬂ%ﬁﬂiiﬁﬂﬁ%ﬁ”&WE’JE’ mi. [ Z RS E ] R Al
FERFEMHAL T T 8 5 i A 25 10 1, bR IR i T, AL W R BT, Cu Zn Pb (N 7E
350 ~500 “CHig R R, 1M Cd Al Cr 78 200 °C 3 i 55K 5 B AL 7 Hh 3R 558K »v?xjtﬁ’JTsa?ﬁ%*?Fﬂﬁii@ai"?*A*
45 L9 B 32 0 0o 5 ARG (L5 e I i B e AT, AL BE 350 “C X H 4 J Cu Zn Cd Ni FY B AL 5,
A, T T Ph SRR A5 U I T 2R 500 C Y B A E 5 F Ak IR 4 SRR W, it T AL T e X R AR KA B 3%
PRt FE ARG P AR T, S Al E iy 3 ST TR 1) i A S80S S 5 55 06 P 35 DA B, it ] 220
L8 A PR 160 038 B Ak B ) A1 75 8 R A 25 e M R KRB R A P i 119 SRR, e IR i R AR W i 1) XS

KB 5085 pedls W WHE e RIPA; AR
HES %S :S141.6;9216 SCHRFRAERD A X E4HS :1001-411X(2015)05-0054-07

Effects of pyrolysis temperature and time on the speciation and
bioaccumulation of heavy metals derived from sludge

WANG Jun,CHEN Xian,GUI Pi, WANG Limei,ZHONG Xiujuan, MAO Xiaoyun
(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract ; [ Objective ] To reduce the environmental risk of heavy metals in land utilization of sewage
sludge. [ Method] The speciation and concentration of heavy metals were investigated in a batch system
by considering the effects of various parameters including carbonizing temperature and time. A pot experi-
ment was conducted to investigate effects of different sludge biochar on the growth and heavy metal accu-
mulation of maize plant. [ Result and conclusion] The pyrolysis temperature was a key factor to affect the
speciation and concentration of heavy metals in biochar. Increasing pyrolysis temperature might cause the
increase of the total metal contents in biochar. There were the highest increases in the concentrations of
Cu,Zn,Pb and Ni at 350 =500 °C ,while Cd and Cr at 200 °C ; The ratio of exchangeable and carbonate-
bound heavy metals in carbonized products, which had high environmental risk, significantly reduced
when increasing pyrolysis temperature , but the concentration was independent. The optimal pyrolysis tem-
perature was 350 °C for passivating Cu,Zn,Cd and Ni, but 500 °C for passivating Pb. The pot experi-
ment results exhibited that application of pyrolytic sludge significantly promoted maize plant growth. The
higher pyrolysis temperature and longer time under a certain condition, the more significant the effect
was. Compared to raw sludge, appropriate carbonized sludge can significantly reduce accumulation of

heavy metals of maize plant,which reduces the risk of heavy metals into the food chain.
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Tab.1 The effect of pyrolysis temperatures and time on the metals of carbonized sludge

w/ (mg -+ kg™")

WS AGIREE/C SAbRtE/h Cu Zn Pb Cd Cr Ni
T2 200 1 271 1.7 900 +7.6¢g 115+5.4e 5.4x0.1e 140 £3.3e 53.4£1.7b
T3 350 1 295 +11.0e 10904 7. 6e 129 £2.5d  6.1+0.2d 144 £16.9e 56.3 +£2.3b
T5 500 1 374 +1.3c 1 438 +27.8¢ 164 +2.7b 7.1 +0. 1be 185+£11.0cd 84.2x1.1a
Te 650 1 405 +10.0b 1607 £12.5a 181 +0.1a  8.5+0.1a 236 +3.1ab 85.7+0.2a
P2 200 3 278 +0.4ef 953 +16. 1f 117 +0.1de 5.8 +0.1de 147 +9.2de 59.7+7.3b
P3 350 3 334 +1.5d 1224 +£7.5d 144 +0.2¢ 6.8 +0.1c 150 +15.0de  53.5+0.1b
P5 500 3 404 +2.0b 1433 £10.3¢ 166 +5.2b 7.6 £0.1b 213 £13.0bc  57.1+0.1b
P6 650 3 441 £6.6a 1543 £20.5b 173 +7.8ab 8.3 +0.1a 255 £5.0a 78.2+1.2a

D) R P RIEH 3 REZGTIHME = 7R, AP HEE AR AR DS FEH, KT £FREF (Duncan’ s %, P >

0.05).

RACIREE X5 e 42 )& Cu.Zn Pb LA 1Y
SO AR — 3, 7RG IR BE (200 ~ 500 °C) 4% 1 h Bl
L BG4 ] A S L RIS, R IE A B
BsE AN, i5 IR AE 500 C 5 k)5, Cu Zn Pb Al 582
He ] 55 R e Ak 5 U8 43 0l B AR 95.3% L 64. 9% FlI
73.9% GRS B R 0 0. 54 2. 21 F1 1. 89 £
1M Cd \Ni 7£ 350 ~ 650 C2fi# 1 h T4 JE A St

A: Cu

100

RS T2 T3 TS5 T6 P2 P3 P5 P6

£ C: Pb
5 100 '
g
<
60
i
4 40
N
& 20
[
e 0
he RS T2 T3 T5 T6 P2 P3 P5 P6
E: Cr
100
80
60
40
20
0
RS T2 T3 T5 T6 P2 P3 P5 P6

hbre

BIBEE RS ISz T, 350 C R sk is et Cd.,

Ni A4 25 B 91 ARG 1 J3E B K, 23 il A 94 2% I

94. 7% . LEAR B RT3 Je AR A 75 8 Hh 2 2R A6

H Cr 327, Cd Ni | Cr BRI A HE Bl 350 °CH 3

e K, 4351k 98. 5% 76. 6% Fil 35. 1% . [d)—i &

AT S AR A AL PR (] X6 5 8 H 4 Je T 2 o0 A1
Zn

[ 52 M A X870,
B:

100
80
60
40
20
0

T6 P2 P5 P6

D: Cd

P6

RS T2 T3 T5

100 ¢
80
60
4t
20}
0
T6 P2

P3
P3
P3

RS T2 T3 T5 P5
F: Ni
100
80
60
40
20
0
RS T2 T3 T5 T6 P2 PS5 P6

Ab3E

B WAHKHRESGE, O REANS, D AP REAMSGE, B BRES.
B2 e Al it [ A B 8 5 A 15 Y T < T I 25 20 A FR) B2
Fig.2 Effects of pyrolysis temperature and time on the speciation of heavy metals in carbonized sludge
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Tab.2 Effects of pyrolysis temperature and time on the available metals( exchangeable and Fe/Mn oxidisable) of carbonized

sludge w/(mg + kg™")
b3 HACHLEE/ C Cu Zn Pb Cd Cr Ni
RS 35.4+0.2a 667 £8.5a 2.1+0.4ab 2.8+0.4c 2.7+0.4b 20.8 +0.2a
P2 200 13.6+1.6b 633 £15.1ab 1.5 +0.6b 2.6 +0.1d 2.4 +0.2bc 8.6+0.1b
P3 350 4.0+0.1¢ 399 £3.6¢ 2.5 +0.2ab 1.5+0.1e 2.4 +1.0be 2.3 +0.4e
Ps5 500 6.2 +0.4c 630 +14.2ab 1.4 +0.6b 3.1+0.2a 1.9 +0.9¢d 6.4+0.2d
P6 650 14.8+1.5b 571 £64.1b 1.9 £0.4ab 2.9+0.1b 2.9+0.5b 7.8 +0.2c

D) R P #AEA 3 RELA M = iR, R 5 BB E LAH — AR B FH4 kw273 R 2% (Duncan’ s %, P >0.05).
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Fig.3 The effect of sludge and carbonized sludge on the accumulation of heavy metals in corn plant
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Fig.4 Effect of carbonized sludge on the biomass of corn plant
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