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Influence of biochar prepared by co—pyrolysis with attapulgite and sludge on maize growth and heavy metal
accumulation

TAO Ling'**,ZHANG Qian',ZHANG Xue-hin',ZHOU Ya—qi',SUN Meng—jie',REN Jun'**

(1.School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2.Gansu Hanxing Environ-
mental Protection Co. Ltd, Lanzhou 730070, China; 3.Key Laboratory of Yellow River Water Environment in Gansu Province, Lanzhou
730070, China)

Abstract: Seven kinds of biochar were prepared by co—pyrolysis with sludge and different amounts of attapulgite (0, 5%, 10%, 15%, 20%,
25%, 30%) and were applied to maize seedlings in pot experiments in order to stabilize heavy metals (Cu, Zn, Pb, Ni, Cd) and affect
growth. The results suggested that adding 15% attapulgite to biochar significantly increased maize germination rate and plant height, which
increased by 55.87% and 24.35%, respectively. When the amount of attapulgite added was 20%, root length, fresh weight, and dry weight
increased by 65.57%, 79.85%, and 76.84%, respectively. Biochar prepared by co—pyrolysis with attapulgite and sludge significantly inhib-
ited the enrichment of heavy metals. The addition of 15% attapulgite significantly inhibited the accumulation of Cu, Zn, Ni, and Cd in
maize, reducing accumulation by 55.01%, 49.27%, 54.87%, 41.99%, respectively. Furthermore, the addition of 20% attapulgite reduced
the accumulation of Pb by 34.01%. The addition of attapulgite enhances the passivation function of sludge biochar and provides a new
method for the safe use of sludge.

Keywords : attapulgite; sludge biochar; heavy metal; stabilization; accumulation
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®1 TENEREBEUMER

Table 1 Basic physical and chemical properties of soil

u AL CEC/ AN HHP Cdr/ Zn/ Cu/ Ni/ Ph/
P Organic matter/%  cmol-kg™ TN/g kg™ Avaliable P/mg-kg"  mg-kg™ mg-kg™ mg-kg' mg-kg™' mg-kg™
7.74 4.96 5.72 7.19 12.67 11.79 784.4 20.35 37.10 123.39

®2 FRAOEREBUMER
Table 2 Basic physical and chemical properties of sludge
" AL HACR BN HHP Cd/ Zn/ Cu/ Ni/ Pb/
P Organic matter/%  Moisture/% Total N/% Available P/mg-kg”  mg-kg™ mg-kg™ mg-kg™ mg-ke'  mg-kg
7.03 12.85 82.46 3.43 227.74 1.85 296.03 96.23 19.61 40.49

®3 MOEBHEREUMER

Table 3 Basic physical and chemical properties of attapulgite

pH 7K 2 Moisture/% CEC/mmol - kg™

Hﬁﬁﬁ*ﬂ BET/m?- g’l

BN TN/g-kg™! K Total K/g-kg™!

8.47 10.80 178.64

64.62 0.32 23.26
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SAO Kb H 5 A MY B A7 75 e LI A Wk SAO 2
SA30 [k CK i #k = 43 5l # = 1 9.91%. 11.72% .
13.26% .24.35% .24.12% .20.14% .8.19% ; £ K 4 i #id
KA 9.41 em 3| 15.58 em 22 [A] 28 4k , 4E ¥ 5ic SA15,
SA20 b PR E RN MM K EF BE IR EST
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Table 4 Growth characteristics of maize after addition of biochar

made by co—pyrolysis with attapulgite and sludge

T Hh e b K
Treatments ~ Emergence rate/%  Plant height/ cm  Root length/ cm
CK 56.67+0.08e 22.09+0.77d 9.41+0.78d
SAO 68.33+0.08d 24.28+0.76¢ 11.24+0.78¢
SAS 73.33+0.03cd 24.68+0.61c¢ 11.70£0.61¢
SA10 80.00+0.05abc 25.02+0.86bc 11.47+0.86¢
SA15 88.33+0.03a 27.47+£0.97a 13.48+0.97b
SA20 85.00+0.01ab 27.42+0.98a 15.58+0.98a
SA25 78.33+0.07abe 26.54+1.10ab 12.08+1.20be
SA30 75.00+0.09bc 23.90+1.31d 11.33+1.30c¢
F—{H 9.273 47#%* 14.087 447%%#%* 10.765 83%**%*

TE : [RSNGB 378 b R 22 57 f2 35 (P<0.05) o *RIRTE
0.05 7K - b 2 A, = FRIRAE 0.01 KV BB R E MG, 5 FRAE
0.001 AT EH R MR T .

Note: The different lowercase letters in a column indicate significant
differences among treatments at 0.05 level. *indicates a significant
correlation at the 0.05 level, **indicates a significant correlation at the 0.01
level, ***indicates a significant correlation at the 0.001 level. The same
below.

[T A — 7 0 e A A ) e T AR S G T
TR AHE b MR ER A TR, FOKS L T &
oy A B S S AEY R &
Kb b T A3t o 48 v T R L RE T AR A
NI AR NS ot N =R AN < E b 7/ b7
SA20,SA25 Ab B {1 e K M b o R A A
{H 255 T HA AL 2 AR ) ik SA10.SA15 AR T /Y
oKL T WA B SRR S T A A
P VST SA20 J5 0 1l 436 5 i e K, R S M
B A - e B A W e S AR S S T
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Different letters indicate significan differents among treatments.
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Figure 1 Fresh weight of above—ground and underground parts of
maize after addition of biochar made by co—pyrolysis with

attapulgite and sludge
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Figure 2 Dry weight of above—ground and underground parts of
maize after addition of biochar made by co—pyrolysis with

attapulgite and sludge

22 EEEEE

TIN5 U6 A= W 5 SAO~SA30 i /b T oK b |
FTHE T FB 43X Cu i & 4 5 o, B0 BRAL 7 il T
30.31% . 39.67% . 57.32% . 58.23% . 54.85% . 54.36% .
50.37% H121.92% .35.34% .38.95% .52.92% .54.21% .
50.23% .46.41% . AIF)5 I8 4 A HRLIE 2 52 0 ok
FERR A L MR 43 Cu & 48 5 & (P<0.001) , V5 e 4k
1% SA10 SA1S Kb FE R A KM B340 Cu B & S
TR I 22 S (H R R T Al AR B, SAS AbFER
() K HL B 4 Cu 1 8 4B B 3 S T SA20,
SA25.SA30 Ab 3, i KT SAO &b B 5 35 U A W) ok
SA15.SA20,SA25 4b B 4 K R 3843 Cu i & 45
T A I 225 (H B E T H AL R (& 3) .

T 161 a
> 12 T Hb |
ol b
\i 8 e e de de d
S
I L]
El
0
T
3 8
iy 127 de e de g
E& 16 + c C
M\ 20} L1 b i
S 24 # . . . . . - )
CK  SAO0 SA5 SA10 SA15 SA20 SA25 SA30
Kb 3 Treatments
B3 MOEA-SREABEM RGN TIESERER
EXRMMCuMEEE

Figure 3 Cu accumulation in maize after addition of biochar made

by co—pyrolysis with attapulgite and sludge
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Figure 4 Zn accumulation in maize after addition of biochar made

by co—pyrolysis with attapulgite and sludge
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Figure 5 Pb accumulation in maize after addition of biochar made

by co—pyrolysis with attapulgite and sludge
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Figure 6 Ni accumulation in maize after addition of biochar made

by co—pyrolysis with attapulgite and sludge
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Figure 7 Cd accumulation in maize after addition of biochar made

by co—pyrolysis with attapulgite and sludge
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Table 5 Heavy metals accumulation coefficient of maize after addition of biochar made by co—pyrolysis with attapulgite and sludge

BT Parts  ZbFE Treatments Cu Zn Pb Ni cd
I CK 0.63 +0.04a 0.31+0.01a 0.29+0.04a 0.500.02a 0.90+0.06a
SAO 0.38 +0.05b 0.19+0.01b 0.25+0.02b 0.32+0.05hc 0.67+0.06b
SA5 0.33 20.04bc 0.1720.01bc 0.21x0.01b 0.3120.00bed 0.55+0.09¢
SA10 0.22 +0.03de 0.1620.01cd 0.2020.05bc 0.28+0.00cd 0.57£0.03¢
SA15 0.23 £0.02de 0.12+0.01f 0.1520.03c¢d 0.26+0.04d 0.43+0.01d
SA20 0.21 20.02¢ 0.13£0.01ef 0.1420.01cd 0.23+0.01d 0.53%0.07¢
SA25 0.25 £0.03de 0.1520.01de 0.13+0.02d 0.28+0.01cd 0.5120.02¢d
SA30 0.28 +0.04cd 0.1620.01cd 0.17£0.01¢ 0.34+0.04b 0.56+0.03c¢
F-{H 47.179 3w 100.709 473 78.305 9 24,075 4% 28.591 2
R CK 0.84 +0.05a 0.32+0.01a 0.42+0.06a 0.76+0.07a 0.93+0.04a
SAO 0.65 +0.01b 0.2620.01b 0.37+0.02ab 0.43+0.06h 0.71£0.07h
SA5 0.55 +0.06¢ 0.23+0.01¢ 0.35+0.01b 0.33+0.28cd 0.57+0.08¢
SA10 0.48+0.06¢d 0.22+0.00c 0.32+0.04bc 0.29+0.04d 0.54+0.02¢
SA15 0.40 £0.04de 0.19+0.01e 0.28+0.01c¢ 0.28+0.04d 0.54+0.03c¢
SA20 0.32 +0.03e 0.20+0.01de 0.25+0.01d 0.35+0.03bed 0.56+0.06¢
SA25 0.41 +0.07de 0.21+0.01cd 0.26+0.01cd 0.37+0.01bc 0.56+0.05¢
SA30 0.47 £0.07cd 0.23+0.01¢ 0.29+0.02¢ 0.43+0.06h 0.63+0.03bc
Pl 44.583 5 61.374 T 73.591 3k 35.978 2k 27.282 4
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Table 6 Heavy metal transport coefficients of maize after addition of biochar made by co—pyrolysis with attapulgite and sludge

Ab B Treatments Cu Zn Ph Ni cd

CK 0.65+0.01a 0.97+0.05a 0.71+0.04a 0.84+0.04a 0.97+0.02a
SAO 0.58+0.09h 0.71+0.03b 0.67+0.01ab 0.75+0.08bc 0.94+0.08a
SA5 0.6120.01ab 0.7420.02b 0.60+0.05¢d 0.65=0.04cd 0.8620.04b
SA10 0.45+0.01¢ 0.740.06h 0.6420.02bc 0.71£0.02¢ 0.8320.04bc
SA15 0.58+0.00b 0.62+0.05¢ 0.5520.06de 0.73£0.04¢ 0.7720.04d
SA20 0.64+0.01ab 0.67+0.02bc 0.5720.01cd 0.62+0.08d 0.81x0.13cd
SA25 0.60+0.02ab 0.70+0.07bc 0.51£0.03e 0.7520.02bc 0.8520.06b
SA30 0.6020.01ab 0.7120.02b 0.59+0.04cd 0.7920.01ab 0.88+0.08b
F-{tf 9.512 92k 17.747 1275 10.460 213 17.865 65%# 3.181 03*
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