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ffi<6.5) , T3 pH H5H K Cu fl Zn EL A, B
358 pH {8 AL M Cu. Zn (A6 %t . Khan 2512
HiF 50 R B TS Y AE R 18 R 3 FE 3 in 1 38 Cu
1 Cd 18 . Méndeza 255004 5 42 8 & 5 (1 Y5
VAR IS 3% 5, 3% 4 JE A Al R R
FE Bl PR oR . a0 7 Bt P XS FE AR Mk v (4
3T IE JFHR B Cu RO ELA, 380 S AT S BG4k
PEEUAS L] . Beesley 250423 5t B4 # g \ - 358
Ja, TIRFLBRE R T A S Cu AT As IOV BE ST & 38
[l P AT 7 235 SR 340 3% BH B 4 e B T v T L A R S A
Y, WESIEMEA KGR, BE LN N
VR E S B EL R AR IR RGN 158, HEERK
FERB T AN pH H, FVIRENERME 3RS,
KA — RIS, W Cd(OH),= Cd**+20H", Cd*
EFEY, ESEEEN A, YAHKHRERESE
K E S AR R R O R IR, S pl I
SRR, FFRIIEY R ESEAE L EART P KA
B AL, XA ZAEIEREM . B, RAEEEME
PN B 4 TR R T g b I S R B AR, X T AT B
EJRITREFALIIE, T8'F & & L VIRAE VIR 1 115
R AR N, DA B 8 2 T0 T AR 3R BRI AL

M AA EERRAE L.
AR SC 38 HUCER < J R e I 2 AR W R D R TR

%, JFRLIERE IR, RGURAE T AR AR L
ST 5 AR B R T30 WAH S5 A T 2 70 A S 1Y)
AR, DA A U B e M R IR B A 2 ) 1A
R, E7R TR PE IR T B S AR R N R
SRR LIBNIT RS, DI RS EEY
A NRRNE 3 R R N S B4R 5

1 MR5ERE

1.1 REER

PR PE IR AR B R 3 B X3
R)NEARH 0~20 cm FIR 2 188, K HIEFA ., 05,
PP AR 2 2 R Bk T, EIEAXT, 3 1 mm G H,
BERE SR M -3 RE

Bl A R R BT 2 m E R, T8
(GSL-1700X, &HERMR) #1500 CEAEHSAEHIEL, PR
HFAEFHREZ N 10 C/min, ZSWEN 100 mL/ min,
PRIREE] 2 h, AEEE R ERRE<] mm DL 1~
2 mm [ERL, BT R RS, RO RE
IR SRR o TR 338 T8 36 A W o D R il B A AR 2 DL
# 1,
1.2 HIEEFRE L

FAEN AR ok 200 g (AR PE L3 (R, I
1 mm ) 5 10 g AR (5%, FESHO NTR
5], #imEREREEREROEESET (85 mm &, &
HWHEA 85 mm) , FSJEIA X & 7KL LK R KR
ER KK ER 60%. TIEREFRRK N 1~2 mm 4
B 5<1 mm AEXH 2 DACFRA, B IR RS E N 5.
15,30 5 60 d, BRI R N2 X REZH . SR A Rhizon

MOM 3% FLER K BURE RS $2 B 3R CHIASS 5. 15,
30, 60d FIEFLBRAKEEA) , AR LRAT G H T4
25 (pHAE. EC. PO, Cu. Zn) FIIE 7347 .

* 1 BRMDRSEEEVIREFEMIBCET
Table 1 Basic pysiochemical properties of original acid soil and
pig manure biochar

Lt AL R P L AR JE
Basic properties Acid soil Original Biochar
i C /% 0.44 35.21
A H/% 0.23 0.42
AN /% 0.02 2.63
S 1% 0.22 0.01
pH {5 pH value 4.88 10.56
H1 52 EC /(uS-cm™) 26.95 2205.00
A HLRR DOC /(mg-ke™) 33.92 427.00
i Cu /(mg-kg™) 8.99 306.35
£ Zn /(mg-kg™) 91.95 2 656.50

1.3 AEEFRATEAE 4% FoR A2 BY

<1 mm TIEREFEAIG A AP AR YR Bk 5 - SRR kL
BT, ToiEr B, YR 5 I EE IR [H)
S LIS A 2 R R PN 8 S 3R T G 3R I R AR AL AR G 55
B AR BkL oy B SR URAE MEFE K, % Hagemann
SR Tk, AR SCGRFFIZE 1~2 mm AR 3857
RIS 30, 60 d AR RO T-HR 78 A=) i kL e 2=
AN GETRE SRR 1 LI R AR . R R
RIGEE W T, B 1~2 mm A9k T 35855 75040 30,60 d
AR S HIERAYNAT, ERFEOCT 1 mm BRI,
RGN THOR ALY IRL, 3R1F 30, 60 d AW ki i
A (A9 30, 60d M) , HT RIS, R,
LR MMSEH . TR S EFRES T RN
FICRAEE AR R S IO 1) Sk 72, 3 HGH 73 Pk
HEH 300 60 d VBN &I R ZREG EH A TK
TEYE 3 I, 3R18 300 60 d AEA R Uk B i AEAR (R
930, 60d Bt , METORAE, FHTWIMLE. TR
TR
1.4 ERUSEHERENE 5747
L4.1 FEehsFrnz

KHEE Elementar KX #FHf & 0% 73 X (Vario
Macro Elementar, {2[E Elementar A &) MlE#K (C) .
A (H) & (N) AR (S) M&&E; BHl&rEYR
IR E D K=1 1 100 LLBIFEE, ET 500 mL H#EIE R
RIS 2h (100 r/min) , IEPESRME BB, WEE
SR pH 18 ; KA E Elementar TOC 43474 (Vario EL
II, {%[E Elementar 2 F]) W& ] A HLAK (Dissolved
Organic Carbon, DOC) & &,
1.4.2 AMREKEOTRAMALEH 57

KH i #4% (Scanning Electron Microscope, SEM)
(Apreo B, SEMEFEERC) XFAEW) o Ok R T HEAT H 4 77
BT, WEAY) IR BRI R 25 RHAE, 256 R4 (Energy
Disperse Spectroscopy, EDS) 73 #TE¥)R Bk X o &
PP b4 SR LR 2 A A (Micromeritics-ASAP2020,
EEE AT M EAY % Brunner—Emmet—Teller(BET)
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PRI LA L ALAR: R X S0t 7 RElE (X-Ray
Photoelectron Spectroscopy, XPS) (Themo escalab 250Xi,
FEEFEBR O M VR BKL 100 nm IR ETCR S =ML
WHEE . SR A X SZ6AT541¢ (X-Ray Diffractomete, XRD)
(BRUCKER D8 ADVANCE, /i [E 454 5 A 7))l iz 2E4)
BIRE I RH 257
1.4.3 E2BEEANEMNESA

K HNO; : HCIO, D HF (30 1: 1, R JHf#
O 33 2 AW IR FEAS REAT OB A, R LB 5 55
B R i W% {¢ ( Inductively Coupled Plasma Mass
Spectrometry, ICP-MS) (NexION 300, 3[E PE A7)
MEHEMERTESE CuS ZInEE. 488 Cu5 Zn
AR BCRAIZSEM E 73 Mk, BARDIRWIE 1 fr

TN
Samples ICP-MS

SRR SN AS
Exchangeable and
acid fraction

IR EN
Reducible

Ris kA |80

0.1 mol-L!
CH,COOH =
.
0.1 mol L™ = RIS |
i Extraction | >
NH,OH-HCI 1CP-MS

residues fraction

¥ T vEreA ) R
35 CA A, [ EETE )i TILIRALE
‘1:_‘0 mol L NH,Ac |::> Eth'flcthl‘l ICP_MS O%(ldlzable

it residues y Taction

T
RS | W e
s |:CICP-MS Residual fraction

Extraction
B 1 %48 BCRELZRMNEFEFTR
Fig.1 BCR sequential extraction procedure scheme

1.5 IR
KF Microsoft Excel F1 SPSS18.0 0 F 34T $He &b 3
54387, R OriginPro 8.5 2 A1 &

2 HBREDH

2.1 BEEYRERMETIEEHS Cu, ZIn EERES
VoK)

HEJE Cu 5 Zn MRS EREHRIENGS. &R
RIA. BAIRBGS 5RES, B 2 NEREYR 5%
PEEIRERES Cuy Zn & ERIESS . HE1AIE 2
AILEH, MUELES Cu 5 Zn SEBIK, HETAAE
TEABIUIFRIES N T, FRIBEA Cu. Zn ELEI5 51N 60.40%
5 66.86%, £MAMMELIFEF Cu 5 Zn VA BRI
Rl EetEti%E 5 Cu 5 Zn % 14908 5256 5o ] L
AW AN . BIEWIR T Cu 5 Zn & EL NRYE 1%
i) 28 L E, waE T EZRHE GB 15618—2018B ) 5E
(IPRAE, ol R A HUIE E 48 Cus Zn & & FREP,
BT IR ER T EE S RIS Y. IR
o Cu MBS FENENRIE SRES, sk
79.37%5 23.77%, Zn WIEZES EENANSEIEE 5k R i
A, B35 53.43%5 26.91%, AT LA H A LRI
BRIEIAYR Cu 5 Zn FEIFEILA, 5 Shen &
WEFEEE J—50 JR DN B AR R 3% 4R 5

PRI 518 R BGS B AR BIGS 5B S . &
FAEMRIEANRELIR)E, KRERWRDES Cu 55 Zn 1E
ML B R AT e R ASHAS, MEMORE R 43,
Xt A A 2 A B -

300 —m— RRPE LSRR AL 1100
Percentage of speciation in original acid soil

X
~250r_o gz%?)%)?i*—'(f'—fﬁ")%;éﬁkl;w. g
) ercentage of speciation in 5
£ 200 original biochar § 180 8
E 1502k LR B 2
3 Content of speciation in O
© 100} (éiigmal acid soil 160 B
S R/ Y e S AW 9
E 50= Content of speciation in g
= original biochar 2
s 8 190 2
F ol 2
R =N
o4 420 2
i< n ¥
g o 5
L[ et o O

WRLRA CEIRE AMRRE  Res

Exchangeable ~ Reducible Oxidizable Residual

and acid fraction fraction fraction fraction

CuJE45Cu speciation
a. i
a.Cu
2250} 1100
7,1800¢
<

01 350[ 180

& o

wn O

==
T T

A\

[ R
o N
T T

420

Zn i 43 #Content of Zn/(mg
wn
(=2
T

—_
~

ZnJt 45t Percengtage of Zn speciation/%

X
5 B NG
'W%?\ 7§ \\I

L
BRI CERIE FULREE  Res
Exchangeable  Reducible Oxidizable Residual
and acid fraction fraction fraction fraction
Zn ¥ 45Zn speciation

b. &
b.Zn

B2 HmEAMRESRMLERHT Cu. Zn & 5604F Ak
Fig.2 Content and percentages of Cu and Zn speciations in
orginial pig manure biochar and acid soil

2.2 REMMESYHBEHI T
2.2.1 AMREEEHEILRLEMN

B 3 AR FR I 1) 3 AE MR OB (1~2 mm) H
B, M 3 ATLVEH, RIAEYREMEAFEE L
BRgk iy, i nl CUEMWTE 2B SR, R E
FEA AT A 11 138 DL TR R s in 1) 58 B A 285 vl A T
FEAEN SiO, fhik. SREEEVIRIRFEHILL, JEEEEY IR
gt LR ARG, AR RIZ Si0, f ik B E D,
60 d I AEVIRIRLR 2 J— 3 FLIBAE MRS . R 2 %L
P EoR, BER TR R ER, YR &R R
ALt R AT m, LR RN ER, WTREHTAEYD
UL FLTE 2 THURS PR 1Y) 38 n 1 L R AR, 5l fLE
TR FAMEYIRFLIL A 2RI RS T m i,
A3 M7 S R AT B 95 55 B I HE N AR R AL, 51 AR
FLILAE T P&, BEERT TR R0, A4 I BRR A6
TR 5 LA 2 LA B P 6 2 R 1 3 R i) H R, A
K RN IR, BRI KET WA

(=}




212 Ll T2 (http://www.tcsae.org)

2022 4

WL SRR, AT SR A R ALFLE T

b. BEWIRIERE (x5 000)
b. Orignial biochar (x5 000)

a. EWIRIERE (x500)
a. Orignial biochar (x500)

e. 60 d (x500)

£.60 d (x5 000)
B3 KRR EADFHE (1~2mm) LEH
Fig.3 SEM images of 1-2mm pig manure biochars under different

incubation time

*2 TEHEFEEEEYR (1~2mm) FHigHFE
Table 2 Structural characteristics of 1-2 mm pig manure biochars
under different incubation time

1 i e
CRMR e e PIUE qp s
FEfh TUMNCT if Micro-  Pore 110" pore  fifE
Emmet-Teller pore .
Sample surface area volume size  Med-pore
Surface area gy Kom'gh) volume /nm 7 /
(m?-g) (m™g") /(em™g /nm size /nm
JE# 5.93 1.52 0.02 0.8 14.51 0.64
Original
30d 17.39 2.41 0.05 0.17 12.28 0.61
60d 26.85 8.52 0.06 044 923 0.58

2.2.2 AMERBELEEHT RAEIH

ARSCEEUER 30, 60 d [LEY) R BT X HL B AN
REFEAR, 5 1~2 mm EYR SN 3T
XFEL AT, BT AR N 3 R AR R R R TR T R
YT BVRRHE B G R AR AR - IR AT AR, Wi 4
Fime ATLLEH, 8 FAEYIRIGERE F 2T YR &N
CaCOs. KCl. ffREE (CagFe(PO,);+ CaMgK(PO,),) ',
5 LB A 5% 5, CaCO; . KCl 5 % g £
(CagFe(POs)7v CagMgK(POy);) SE{LEHH) XRD fiT5 g
W5, RUPEDRPIRIRE . BRESHAY SR+
b HORA PRI N, AR AE B & @ S A& P ik
P, SERTE IR RREARLL, 5597 30d M 60 d JREMR
Wik R ELE b Cu &S EEE I (B 4b) , RW4E
YR NIEER 2 Cu fERRME I PR N 3% . Cao 2507

T 53R B RAR 5 B R AR X B & J8 A Uie e, ki
S EGEAAWMER, BEEYIRBERES . KKRES
H RIS, PAREREE . B Eh AT 2AFAERT Cu B
FMGHIRAR SRR DTIE R Cu ABIREG  [RINBERR H
B Cu b A W IR R VA R N 338, R BT TR B
Cu4(SO4(OH)¢H,0)H,0 Al Cu(SiO;)H,O B ¥tk &40 .
BEE B IR A G, AR R R TR S1 oo &R MUt
b Sio, M EME, KUY KRS LM G
FE TR o

BR%  Intensity (a.u)

cc C J5#f Original
1 " 1 " 1 n ] N
10 20 30 40 50 60 70
20/(°)

a. ANFIEEFRI 447 % XRD &3

a. XRD patterns of biochars under different incubation time

B

60 difefit L
Elution soil on 60 d

6 Mo gl MEE F
& Bp B
z
z 3
2 30 AL
- K Elution soil on 30 d
B

BRVl: 4= 1% F ¥ Original acid soil B B

B B
B
B B
K B 3
1 1 L 1 1 1 L 1 L J
10 20 30 40 50 60 70
26/(°)

b. AN[EREFRIT ] AP R B 1 XRD i

b. XRD patterns of biochar elution soils sunder different incubation time
B: TAALEE; C: BRERES; D: ERFRE: F: mRA; G &U4LH; K.
KA M: BEUBRER . AL A H: BRI
B: SiO,; C: CaCO;; D: CagFe(POy4);& CagMgK(POy)7; F: AlSi,Os(OH)4; G:
KCl;, K: KAISi;O5; M:  Cuyg(SO4(OH)H,O)H,0 & Cu(SiO3)H,O; H:
CaAlSi,054H,0
E: 20: X WHERATH AR
Notes: 20: X-ray diffraction angle.
B4 FRBAREEHEASE (1~2mm) ZZLEME XRD

ik
Fig4 XRD patterns of 1-2 mm pig manure biochars under
different incubation time and their elution soils

2.2.3 AMERBERRMLERTRRRELE NS

B 5 A S FRI G S8 APk (1~2 mm)
SEM-EDS BERE . Bl 6 AN [RIES F7 IR [R5 35 26 47 2k Jokr
0~100 nm VRE T E4 i XPS Eik. K 5a nJLLBEH, &
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YR SR A RE AR AN G AL S £ 20N C oK, A
PEEERL R, HIRERL AT O JUR X Mg, Na. K. Ca. P&f"
JRICE S EAN B, Cuy Zn FEAFETAYREKH
FLRERI AL AT B 6a o= AW BIRL C TOER & B IR L
NI R, O TR G EEEER IR, R HEE
J& B B e B A T AR T e A R BRI T . A
REIRIE IR G IR 30d 5, SAEMIRIEFEALL,

FRE 1 A= MR UKL R T 22150618 (1 5b) , 2R AT
REAE LMK R )R & L™ A & Wi ittt N 33

JUE  MURE L R 2L
Element weigtht/% Atomatic/%
C 5 44,

W ALERLA C UR &SRR, RN H6ERENE
YIRS FEFRINTAIY 60 d I, A= W0 Rvhs 22 [ S A1

e (Kl 5c) , CIURERME, O LRSS Al LREREE
B (& 6c) , AIRALBHTHEN VIR N R 455

RTTWE AT, AR YE TR, K28 30d
I TE], AR RIS a5 H R A A B3
NS, BEARTR (ARG, 32 oy B A )
B, BENADRILREG, VRS TRERE, £
wE S I AR I AL S -

JLE  RE S R E
Element weigtht/% Atomatic/%
8.34

gL BEES L R TE S
Element weigtht/% Atomatic/%

26.57 28 C C 64.41 85.50
1800 () 2033 2544 2 400 (¢ 32.18 43.10 900 CI 11.98 5.39
Na 218 1.90 2200 Mg Na 3.85 3.59 C K 2043 8.33
1600 Mg 2,67 220 2000 Mg 16.44 14.49 800 Cu 1.93 0.48
- Si 2.40 1.71 - Y 1.92 0.46 =700 Zn 1.26 0.31
) =1 400, > s 500, 1800 X 3 700 1
g2 =1 200, S 1.53 0.95
Selected area 2 'é.l 000 CI 7.59 4.29
N 2 ca K 8.99 4560
(%8 E 800 p Ca 17.77 8.88
Selectedarea I 1 600 1 Fe 1.26 0.45
= 400l | N2 Cu 034 0.11
fes 400 Zu 0.64 020
< s S 200 Z
T i Sclected area 3 a Fe Zpin

0 13 26 39 52 65 78 91 104 117
fi it Energy/KeV
511 Selected area 1

130

5 SEM

39 52 65 78 9.1 104 117
fig it Energy/KeV
£ 213 Selected area 3

0 13 26 39 52 65 78 9.1 104 117 130 0 130
fig i Energy/KeV
112 Selected area 2

a. R

a. Original biochar

oZE RS AL
JLE A R ement weigtht/% Atomatic/% o TS ETEA
8000 Element weight% Atomatics  © % c 708 798 i Element weigtht% Alomatic®%
sy o0 c 231 407 7000 Tz W 0 C 7411 89.69
. Selected arca 3 & 6000 o 43.52 57.55 26000 031 039 2 Na 0.00 0.00
y o elected area 3 2 Mg 0.63 0.55 < 3 N I = 1050 Mg 0.04 0.02
Ve frti 2 g 5000 ) Al 20.90 1639 25000 3 ﬁ :;‘7) g S 436 1.98
WA g8 Sciccdarca2 5 4000f | AIST Sl 1699 54000 0,60 025§ a o 384
& K 332 1.79 05 oTo ] K 835 310
/ Pl firai1 i 3000 Ca 0.49 0.26 3000 - g o Ca 3.79 1.37
4 #  Sclected arca 1 % Ti 0.38 0.17 %: 0.69 0.24 %:
. a # 2 000( | Fe 501 224 #2000 0.62 021 @
W\ & 04 ool J c - ’ 1000 L14 0.28 ¢
. ¥ a a
100 i3S : Fonbs Ky Cari Fepe Fepe, . ik
B SEM 0 13 26 39,52 65 78 91 104 117 130 0 13 26 3 65 78 91 104 117 130 0 13 26 39 32 65 78 91 104 117 130
P fight Energy/KeV Energy/KeV £4t Energy/KeV
{i 21 Selected area 1 12 Selected area 2 '3 Selected arca 3
"
b.30 d 4E¥R

b. 30 d biochar

JEF REE R TE

4000 Ca Element weigtht/% Atomatic/%

3600 c 11.69 2146

o7 2 = 3200] ]\? 3)4.6() t7.628

Selected area 2 i‘; 2800 a 0.54 2

z Mg 1.69 1.53

fogs B 20 P 310 231

Selected arca 3 8 2000 s 072 050

clectedarea 3 2 1 600 ca 037 023

21 200 K 0.39 0.22

= Ca 45.99 2529

Rl - igg Mgps ca Fe 0.91 0.36

- Selected area 1 W Fe pe

151 SEM 0 13 26 39 52 65 78 91 104 117 130

it Energy/KeV
\7 i1 Selected area 1

JE# BURE b R E

Element weigtht/% Atomatic/% LE RERHS BTES
C 70.8

). .87 Element weigtht/% Atomatic/%

o 17.72 14.99 450 C 7411 89.69
Na 0.51 030 400 Na 0.00 0.00
Mg 051 029 35 Mg 0.04 0.02
Al 3.04 197 350 S 436 1.98
Si 3 150 300 a 936 384
S 0.60 0.25 250 K 835 3.10
a 027 0.10 200 3.7 3
K 0.69 0.24 150 Ca 37 17

o @ 0.62 021 100 IC p Ca

a Fe 114 0.28 < [KOCoSi Co

NS o Fepe e ALJ5Co

39 52 65 78 9.1 104 117 130
. Energy/KeV
Selected area 3

0 13 26 39 52 65 78 91 104 117 130 0
¢ Energy/KeV
{7532 Selected area 2

c. 60 d MR
¢. 60 d biochar

e AL 1 KRERTEH: A7m2: JGIRME: Ao 3: NEFLIE.

Notes: Selected area 1: Uneven surface; Selected area 2: Smooth surface; Selected area 3: Internal channel.

A 5

KRR A EAME (1~2mm) SEM-EDS 483

Fig.5 SEM-EDS images of 1-2 mm pig manure biochars under different incubation time

70 50
| 451
60 JeE (JRFHUED a0l JeF (EFHE) JeE (JRFHLED
Element (Atomic orbital) Element (Atomic orbital) 40+ Element (Atomic orbital)
sol — Al(2p) 35+ Al(2p) — Al2p)
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Migration and transformation of endogenous heavy metals from animal
manure biochar in acid soil

Shen Xiuli!,Yan Haipeng®, Zeng Jianfei?, Shen Yujun!, Meng Haibo'*,Ding Jingtao®,Zhou Haibin®
(1. Academy of Agricultural Planning and Engineering, Key Laboratory of Energy Resource Utilization from Agriculture Residue, Ministry

of Agriculture and Rural Affairs, Beijing 100125, China; 2. Institute of Environment and Sustainable Development in Agriculture, Chinese
Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Animal manure treatment can be widely used a promising pyrolysis technology, due to the complete destruction of
pathogens, full decomposition of antibiotics, the value-added energy, and biochar products, heavy metal immobilization, as
well as the remarkable reduction in the waste stream volume. Biochar is one type of solid carbon-rich by-product of the animal
manure pyrolysis (<800 ‘C), indicating the abundant porous structure and high levels of mineral elements. The biochar can be
used as the soil amendment and fertilizer, in order to improve the uptake of nitrogen, phosphorus, and potassium for the better
water-holding capacity and the less susceptibility to erosion. Extensive research has indicated that the biochar can be an
ellective adsorbent for the contaminants, such as heavy metals and pesticide residues. However, the high levels of heavy
metals were the key limiting factor for the application of animal manure. Fortunately, pyrolysis can be expected to concentrate
the heavy metals in biochars. In addition, the animal manure biochar can also be alkaline to generally improve the acid soil
with high ash contents. Previous studies have demonstrated that the biochar application for the remediation of soils can reduce
the bioavailability of heavy metals, thus reducing the potential for the heavy metals to be uptaken by agricultural crops.
However, acid soil can increase the bioavailability of heavy metals in biochar. The long-term application of animal manure
biochar to the cropland can also increase the heavy metal accumulation in soil, and even enter the food chain as a threat to
human health. Therefore, it is essential to evaluate the ecotoxicity of heavy metals in the biochar for scientific utilization. More
importantly, the pig production was approximately 0.5 billion heads annually in China, accounting for nearly 1/2 of the global
production. The concentrations of heavy metals, especially Cu and Zn in pig manure were significantly higher than those in
other animal manure. Taking the pig manure biochar as the research object, this study aims to explore the interfacial behavior
of heavy metals at the surface of biochar and soil particles. A pot experiment was conducted using biochar and acid soil in the
laboratory. Scanning Electronic Microscope (SEM), physical absorption, X-ray Diffraction Pattern (XRD), X-ray
Photoelectron Spectroscopy (XPS) and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) were utilized to identify the
morphology, pore structure, crystal composition and elements of acid soil and biochars, respectively. The basic properties (pH,
EC, Cu, Zn, and PO,”) of soil pore water were characterized after the experiment. Results showed that the main fraction of Cu
and Zn in the pig manure biochar was the oxidizable extraction, accounting for 79.37% and 53.43%, respectively. Mineral
elements of biochar were found on the surface of biochar particles as the oxides. The specific surface area and pore volume of
biochar increased after incubated with the acid soil. The contents of Cu, P, K on the surface of biochar decreased. There was a
significant increase in the pH and EC values, as well as the concentration of Cu, Zn, and PO.* of soil pore water, after the
biochar was applied to the acid soil. The concentrations of PO, and Cu were in the range of 2.26-298.00 mg/L and
1.81-2.86 ug/L, respectively. Consequently, the carbonate and phosphate alkaline salt in the biochar neutralized the H" in the
acid soil, and then released into the acid soil, leading to the release of Cu that precipitated and adsorbed by carbonate,
phosphate in biochar. Some Cu was released into the soil solution, while another Cu was formed from the mineral compounds
(Cuy(SO4(OH)sH,0)H,0,Cu(Si03)H,0) that combined with the soil components. The smaller particle size of biochar greatly
contributed to facilitating the release of Cu. The largest release amounts of PO,> and Cu in the biochar were achieved on the
30™ day incubated with acid soil. However, the Zn in the biochar was difficult to release in the acidic soil environment, where
the biochar adsorbed Zn to reduce the bioavailability after being applied to the acidic soil. The finding can provide a strong
reference to better understand the transformation and potential environmental risk of heavy metals in pig manure biochars.
Keywords: biochar; heavy metal; animal manure; acid soil; migration and transformation
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