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Effect of long—term application of biochar on Cd adsorption and bioavailability in farmland soils

ZHANG Ying"*?, WU Ping’, SUN Qing—ye"*", SUN Qian’, WANG Yu*, WANG Shen—qiang', WANG Yu-jun*

(1.School of Resources and Environmental Engineering, Anhui University, Hefei 230000, China; 2.Key Laboratory of Soil Environment and
Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3.Mine Ecological Restoration En-
gineering Laboratory of Anhui University, Hefei 230000, China; 4.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil
Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: This study investigated the adsorption and desorption of Cd on farmland soils with long—term application of biochar and explored
the effect of biochar on the bioavailability of Cd in the soil in combination with long—term field trials of rice and wheat rotation. The results
of experiments showed that compared with the control farmland soil, the larger the amount of biochar applied, the stronger the Cd adsorp-
tion and fixation capacity of the corresponding treated soil had. This was mainly due to the fact that the addition of biochar could increase
the pH, cation exchange capacity, and organic matter content of the farmland soil, thereby reducing the exchangeable content of Cd in the
soil and further inhibiting the migration of Cd from the soil into rice and wheat. The results provide theoretical guidance and technical sup-
port for Cd—contaminated soil remediation.

Keywords :long—term application; biochar; bioavailability; Cd content; rice; wheat
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RR—F4 K A FaPs, H CdRMEREE A
HetH AR AL 25 LA AR T RE 2B R 2 E 0 T A
BN, RS FFIA HR TR E N T2 HAR S r b # A
MV S A RO A il B SR — Ao Y ik
ZRNTTZ R B Y AR RS AR R o R
il A5 B4 A= 4 e 1 FH 1A FH 398 o] A SEBLVE RS AT
AL BT IR AL B[R, A - g b B 4 R AR )
AR R, i 5T SE R FH - v 30 i A 4
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1 #MRERE
1.1 HELE

K G b 5 A VL5 B 2% (31°16 N, 119°54

E). X4 M 38k T 6 ANAb B, iz B8 A= W) o 3 2 it FH
HOE AL R4y A i 44 R s XFER OBC 1/3 .BC 1/2.BC 1.BC

5.BC 10, B 34 P17 AW DS A
WIS FE A A2 9 RECRE, 500 CRR4A 414 T 2447 8 h ir
A0 AR B0 H AN 2010 45 2 RS 2 it A /N2 i AT A 9
W FZ ZER A K FEREFFAE Y ¢, 28 2016 4737 78 (1 ALk
1577 aWREZE SRR o %o iy Ak #3 A= 90 3% ) it P e
Je IR L 1
12 HRRESHH

RIS+ R T 20164E 6 A %55, £ A RIALBR
(RS2 56 P DX 3 N B ML R B 0~20 em Bkt 1358, 28 [ 4R
T 5 BB, 2k 20 B 0 . 3 RE fh 4 HCI0,—HF -
HNOs 7 JH 7>, 38 2o H B 55 B IR i A (1CP-
MS) (Thermo Fisher, & [ ) Fl J5/ - W 4 4 56 06 B2 31
(Hitachi, H 4%) 72 Cd Jo 2% &, W 25 3 W3k 2.
+ 35 pH I 2 B A2 COL B 4l Kk DA FE L 1
25 BETHRTE T, IR 1 h )5 & E IR/ % pH Al
L S SE LR 2 A LT ) e R R
R AL - RS, REANCS Cd T REHAK
FH 43 5 0.01 mol- L™ CaCLLA1: 107R & . IR 4 h )5
B, SR ICP-MS il 5 SR IO b CA> MR

IKREAFRL RN INZE R PR IO - 2015 4 11 1 F
ZEHI2016 4 6 J1 22 2= M kR A SR AT 5 B 1, HiX
0.1 g ARk R T HUBH i 5, A 10 mL ¥ HNO;
HE e, HIREIE 5, 2% HNOs & %%, 1l UE 5
VB VR ) TCP-MS I Y i v Cd B it
1.3 R Bt F0 A2 IR SC36

Wz B 44 7 22 5256 < L 10 mmol - L' NaNOs & 52 £
H, £ S5V % Cd (NOs), - 4H,0, 43 51 IiE 1l 20,40, 60,
100,150,300 mg- L™ CA* ¥ ™, R 0.5 ¢ + 3 & T
50 mL BETAS o, A 25 mL A [F) e C> I8 T, 78
200 r-min™".25 CZAF N IR 24 h*°"5 L 10 000 r-
min™' £.0 6 min, BG4 b5 WGE 1L 0.45 wm PES
B8, SR AAS S A W CAP TR

F 1 R L 5 6 R B R A

Table 1 The application amount and time of biochar in farmland soi
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Treatments Quarterly ap[lelcatlon/ Application time Total appl}callon of w}fat straw Total app.hcatu)n of r{(;e straw
t-hm biochar/t-hm biochar/t-hm

%} Control — 2010FF—2016 427 — —

BC 173 0.75 2010 FZ—2016 47 5.25 5.25

BC 172 1.125 2010 F—2016 £ %= 7.88 7.88

BC 1 2.25 2010 F—2016 £ %= 15.75 15.75

BCS 11.25 2011 £ F—2016 4% F 56.25 67.5

BC 10 22.5 2011 FHZ—2016 % %= 135 135
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Table 2 Physical and chemical properties of soils with different treatments

126]

5 Properties XF 1% Control BC 1/3 BC 1/2 BC 1 BCS BC 10
Cd/mg-kg™ 1.46+0.10a 1.38+0.01a 1.49+0.13a 1.51+0.08a 1.45+0.13a 1.59+0.04a
pH 5.5+0.03a 5.7+0.01a 5.9+0.02b 6.0+0.02b 6.2+0.01¢ 6.8+0.04d
CEC/cmol - kg™ 11.9 11.9 11.9 123 13.7 14.1
5 HLJ% Organic matter/g kg™ 2.26 3.04 2.96 3.99 6.19 8.27
Fhki Clay(<0.002 mm) 15.8 15.8 17.7 16.6 16.8 16.1
k7 Silt(0.002~0.02 mm) 41.3 41.7 41.3 41.8 422 423
Pk Sand (>0.02 mm) 429 42.5 41 41.6 41 41.6

T« R RN b B R] B4 2 35 28 53 (P<0.05)

Note: The letters in a table indicate significant differences between treatments (P<0.05).

AR S T TR R AR RS L A
25 mL 10 mmol - L' NaNOs J&5 & FE IR &% 46 , 76 200
remin”' 25 CHAF TR 24 W42 BOH J5 & T 2001
AN LL 10 000 r+min™ 80> 8 min, B 3 W2k 8 , 8 1
AAS I E R C™ MR EE o A W 82 AR TR ab B
S8 e I e R O ) B A

2 #EREWR

2.1 EYRERERNTIESER

XRD EI% 5 7 KRG AN R FE AR e v s 2
A8 CaCOSEW T, X ATAF AW i F B S Y, RS FF
AR G E S R RE O B WL 3, 5 XRD
5 MR, LW B O A R R R BPE FH S (K
Ca™ Na" Mg, Hijiti A B4 H 35, itk 85 798
) - RBE il -4 pH 2 T R 332 2) , HLRE
Az W o it P R AR 1 398 pH = 8RR 2, BC 10 4b
PR A 38 pH(6.8) B X} BEZH 38 i T 1.3 43047 . K3
Jiti FH 2B Wy e 4 i 3R CECP, Bl 25 A ) % it P
(38 in 138 CEC th 2B BT % X 549k A &
HAB G CEC MUK /& A 5%, HAEY A +
I 1) PR I5E H G2 12 BRI ) JC ML RO ] 35 + 3 CEC.,
BT HK R RS FF2E 9 5k CEC(24.1 emol - kg ™) J&: 4
HEAR B CEC(11.9 cmol -kg™) ) 2 4% , L BEAR ff- Hb 38 BH
W R H A % 9 CECIIRE 1. i TAI R A &
e A HEIR S v SRR ELXE DA A, P it FH A= 40 e 38
TR AT AL R % AE 38 TP A AED, WO F A=
Wy AT S 0 3 A LS i, L A R ek
ST
22 CAdfET IR EA R M &R

FE TV AR B 5200, WAL R ST T AN R A= e Ak
PR - 98X Cd i W B R 2 VR B, 9F A Langmuir 1

3 KFEREF AN EFEFF W R IR AL M 5T

Table 3 The properties of rice straw biochar and wheat

straw biochar®"

PEJ INERERF A ¢ AKAERERT A ¢
Properties Wheat straw biochar Rice straw biochar
K/mg-g™ 27.5+2.02 27.7+0.11
Ca/mg-g”' 11.9+0.59 16.2+0.06
Mg/mg- g™ 5.00+0.17 7.57+0.12
Al/mg- ¢! 1.29 1.35
Fe/mg-g™ 8.15+0.68 2.80+0.02
Mn/mg-g' 2.95+0.18 4.34+0.07
Si/mg-g™! 65.1+2.09 61.0+1.09
P/mg-g”! 4.43+0.48 6.24+0.62
S/mg- g™ 3.55+0.13 3.45+0.06

pH 9.20 10.1
JAR ¥ Total acidity/mmol - g™ 0.37+0.02 0.27+0.01
23 Carboxyl/mmol - g™ 0.09 0.09
ZJ Phenol/mmol - g™ 0.19+0.02 0.11+0.02

Freundlich W [R5 R 401 A 1 W BRF S5 TR 26, LA S 500
Fed, GEFEH Freundlich W [ R AEAR b i il A Cd
E g e B AR A SR ILIE 1A, FEEAEY
2t PR R A B T, - S Cd A W R 2 T3 0, Cd
TE 38 E A e W FFH R 4 in L BC 10 4b B - 35
B} 1 Cd S KB 3N T 1,74 6% 03X R
F T A W 5 40t AR X 3 Py e o ke e Y
FERIAE -4 pH . CEC AU AL 38 fin . +3E pH
Xif - 4 g T S AT B A7 A B 5 i K RS
FERUINZREFT A 4 o S s | Bt 2 40 o i ) o 1)
B0 A 1 pH R0, DT R DR T A U 2 T Y
HL B M, N T Cd A - 9 2 1T 0 W T E BE T .
PEAN, A e s s LA I U RE T R L
XU I AT B0 I 45 O T 4 R I RE 10, AR W 0k ) it
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R4 CAEARELE T ERAHNRMEREUSSH
Table 4 Langmuir and Freundlich sorption isotherm parameters

of Cd on different treated soil surfaces

Qb F Langmuir Freundlich
Treatments G K. R K 1/n R
Xt HE Control 5229 0.022  0.946 498 0412 0.994
BC 1/3 5891 0.021  0.930 515 0427  0.992
BC12 6107 0.022 0.966 571 0415 0977
BC 1 5902 0.029  0.950 710 0379  0.985
BC5 7371 0055 0910 1232 0343 0987

BC 10 7514 0.065  0.789 1363 0.338 0.968

g (BRI, mg - kg™) K (O BRI 5 850 K (R B 1
O (2 BHEREH H0 X b G S8

Note : ¢n(The maximal adsorption capacity, mg-kg™) , K.(Adsorption
equilibrium constant) , Ky (Adsorption equilibrium constant) , and n

(Adsorption strength constant) are fitling parameters.

ASEIN T A HUT i, AT RE A A 9 XS
Cd IR RE F7 o [RIARE , A 40 1y it D 60 494 o 7 1 43¢
f9 CECHE I, AATITHE 58 1 1 3EXT Cd A B
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2000 |
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1000 [ <& BCS <4 BC 10
0 0 50 100 150 200 250
Cd ¥ ¥ Cd concentration/mg - L™

W [+ Adsorption/mg - kg™

2.3 CdfE T EREHIER

R 2PN AR W it AT - SR 5 ] 2 Cd
FeoE PRSI , PR9T T 38 UK R T8 Cd 1Y) W ) 7
([ 1B) , 45 S F A BE A A4 pc it e A 35, 1 583k
1 Cd A fiR I 2R AR . 32 T A ) o 14 it ) 2 el
FXT A 35 pH A9 52 i) Bk S 2507400, {45 50 1 Ak B A 4
FHI B A Cd AT AC 48 25 B 22 Hb A Ak R S T A e S
FEAR T 3 CA R . 53 oh, A=W i i it A T
B A HLET S, AT 5 R B Cd R
FEME , BEATE 38X EL IR B Cd PRI R
2.4 REERGETT CdEME IR
2.4.1 KFFFI/NZEFFRLH Cd i

KA N R Cd Bt LI 2, EEI 2 AT 5,
AW i Y it A AT B AIOK R RN AR Cd 1 5
AR DL S AW RS A AR 4 it n 3] 1= B8 rh 2 14 -
iy Cd F Bl TAEY RE S AP CEC H
pH B4, ] S 2 18 i - 3 Cd B W B 151 22 e
PO - e 1) Cd [ /NZZ FKFEATRL RS . 3

207

g

E 15

=

[=]

g 10 |

=

B st -+ Xf B Control —@— BC 1/3
-~ BC 12 ¥ BC 1
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0 2000 4000 6000 8000

1% B2 Adsorption/mg - kg™
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Figure 1 Adsorption isotherms(A) and desorption rate(B) of Cd on soils
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Figure 2 Total Cd concentrations in wheat grains and rice grains



W AR SRR Cd B B AR B 1023

eh A W 5 4t P S5 31 270 t- hm 2 I BE B 2 PR AR/ NEE
FrERirh Cd 15 it 302 BTl A 1 A= 0 AN RE Y
568, - S8 110 R 5 [ B T, 3 BB KRR AT 1 R e T
Cd [ Ff W%, BLA W o it P £ R, 138 Cd ff T
FERAR, & H 3 Cd AP RN X 5 3R]
T TET 4D O o — e B 235 R — 3
242 TEEPHYEE CAT R
BEEEMAYE SRR T H BRI,
5 HEEEYIAE, AL, S8R 0.01 mol - L™
CaCLIARIEFE M T HIE P A RES Cd & (1 3A) .
Wit 25 A= 2 o it R A 48 33 A G Cd 1 i I
15, 24 A ¥ ¢ 1 i JH 4 35 123.8 £+ hm 2 #1270 t- hm™
i, AT RAAIG 433 vh 88.8% F191.6% A 347 Cd &,
WA W ok BT AT A AR R Cd MRS .
R — 2RI A R Bt AT 3 S Cd i
BIS M ML, 20 B 1 9 pH FUE HLIR Y & 5 I
AR Cd & = Z A OGP (181 3B L 181 3C) , 45 R 3k
B, R RS Cd & &5 3 pH(P<0.01) AT HLJE
U (P<0.0D) ¥ WE AR CE ., S — 2D UEW] T A
i BT 1 N - 45 pH R BILITE 5 Rk 5
XT Cd FYA RS B E , SRR AR 1 3% Cd g2k
WA . X5 Jing S 78 245 SR — 3K AR A it
FH G0 A 3 pH FIAT HILT 7 o S G, DA T R
IR A M Cd i, 38 P ] - A RS Cd Rl
K FEAR R AFFRLH Cd B o A et + 3 ek
RAE 52 A= B Pk TR 2 o ) it A2 4 38 pH 45
ZRAFHIRZ , Xiao SF LA 1 3 Ry 5], 32 AR
X 38 pH AT AL & s 2 . (AR 45 SRR
AW BT VRN T IR I - HE Y pH B2 B i 2
AT vz N AR R P Cd 75 4t T A & R Cd
15 G oq FH - A9 FH XU o o] €0

3 #ie

(1) K 3 it i A= 4 Jo¢ mT J8 3% 388 i 1 38 pH , CEC
A LS B, A R0 30 4 35 Cd 255 19 [a) IR P AR+
B IWURL 2R 18T Cd (1 ff R FEAR R Cd A A
Bk

(2) Wit FH A 40 i R A5 S RRAR /N 22 R R K A
kit cd &,
SEH

(1] AHE 22 /N SR B T e AR IE [0, T 2R AL 22, 2010
(2):68-72.

501 A
45F
40t
35¢ b

30 - C
25t
20
15F
10}

o 1

Control BC1/3 BC1/2 BC1 BCs5 BC10

RS Cd & i
Bioavailable Cd content/pg-kg™
o

501 B

y=45.268-5.736x
R*=0.785

401 O
30

20

ARG Cd i
Bioavailable Cd content/pg- kg™

2 4 6 8 10
I HLJT 75 5 Organic matter content/g-kg™!

50r C

y=169.71-25.02x
R*=0.626

0r O
301

201

AR Cd &
Bioavailable Cd content/pg- kg™

5.6 6.0 6.4 6.8 7.2
+ 3% pH Soil pH
a.b.c T FHEA UGS Cd & ik b 35 25 Rk
a,b,c indicates the significant difference of bioavailable Cd content in soil
B3 AELELEPEYUSCIZEWNWERES
TEBEHFE(B)FpH(C) IR X
Figure 3 The concentration of the bioavailability of Cd in different
treated soils(A). Correlation between the concentration of the

bioavailability of Cd with soil organic matter(B) and soil pH(C)
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