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The influence of two different biochar treatments on arsenic accumulation in rice plants

WANG Zhigang', WANG Yongjie"’, JIN Wenjia', SUN Yafei', REN Shaofang', ZHOU Limin"*, ZHENG Xiangmin'

1. Key Laboratory of Geographic Information Science, Ministry of Education, School of Geographic Sciences, East China Normal
University, Shanghai 200241, China
2. Institute of Eco-Chongming, East China Normal University, Shanghai 200241, China

Abstract: Background, aim, and scope The accumulation of arsenic (As) in rice grown in As-contaminated
soils and the negative impacts on human health are among the most important food security concerns globally.
However, green and economically feasible remediation measures for mitigating the health risks of dietary As
exposure from rice consumption have scarcely been reported. To determine the effects of wheat and cotton
straw-derived biochar on As accumulation in rice plants and As mobility in soil under anoxic conditions, pot and
microcosm experiments were conducted by using As-contaminated soil. Materials and methods Two different
biochars derived from wheat and cotton straw were produced at 600°C (1 h) and added to As-contaminated soil
under different doses. The variety of rice Yongyou 538 was cultivated in pot experiments. We determined As
concentrations in different rice tissues (including brown rice, rice straw and roots), porewater and soil during the
rice growth period. In addition, a 28-day microcosm experiment was conducted following additions of different

biochar doses (0.5%—5.0%, mass fraction) under anaerobic conditions. The total concentrations of As in all
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samples were determined by an atomic fluorescence spectrometer (AFS—9230, Jitian, Beijing, China) with a
detection limit of 0.02 pg-L™". Results The results of the pot experiments showed that: (1) the addition of low
dose biochar (0.5%) reduced the As concentrations by approximately 10% in grains (brown rice), indicating
a limited effect of biochar addition on reducing As accumulation in rice grains. Results of the microcosm
experiments showed that the addition of high doses of biochar (1% —5%) significantly promoted the release of
As into the soil solution. Compared with the control groups, the total dissolved As in soil solutions of biochar-
added treatments increased by 69%—243%. Discussion The decrease in As concentrations in brown rice may be
attributed largely to increased grain biomass following biochar addition. The significant increases in dissolved As
in soil solution may be linked to microbial iron (Ill) oxide-hydroxide reduction, resulting in the release of As into
the soil water. Conclusions These results suggest that low-dose biochar addition may not be an effective way to
reduce the accumulation of As in rice. Moreover, high-dose biochar addition may actually increase the As-related
health risk in As-contaminated paddy soils. Recommendations and perspectives Biochars pyrolyzed by different
feedstocks may have different effects on As accumulation in rice. Thus, more research is required to further assess

and develop biochars as a high-efficiency material for As remediation in soil.

Key words: biochar; arsenic; soil; rice

fif S HoAb S 9wt A A1 240 (WHO ) A g
R BUEWRT , NMEKRE TR,
AL R R R . AR N R B R A (X
B4, 2018; sk AS 4, 2018; Wang et al,
2019 ) o 2014 4R LRE AN + 58 PRk A & A 1
S E S YeRBOHE AR B, 3R E S
Ye AL REAR RN 2.7%, FRAE T R 5 Ho
BEEEy X, HED s gesech ™ Em, i
HH Ak e fiys Y 4 e A pl Y 1w B TR
FiAE, BIWKAE . C A7 W5 3 WK R X i iy miz i
fe 1 THALS Y (7R, 2014; Cao et al,
2017; RJNEE, 2019) , FAREK BB B R K
TNT 24 4 e R R R P, B BT AR
FSCAS IR 25 e 9 7 125 A 2 Al 0 7K A ™t I
Y SE A, DA AR K A G Y Xk A AR (1)
WEAE XS ( Kumarathilaka et al, 2020) .

A=Wy sk (biochar ) S A= W) 5 J5URHE 52 4 5K
IREREESRAETS, iR (G 300—800°C)
P ) — 28 18 M ) it (Inyang et al, 2016; Li
etal, 2017) , J2—FMEIEA . BB, SE
TR, BEmEMYE (LS, 2016) , H
A BRR W B HLBE Y A, AE R KIAE 4
JRG Y bR B2 & A RERS, [
BA HAbE BB AR S8, Wik, 1E—
Tl BT AT DI REA B, AR BN Y T A BE
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2018; Bandara et al, 2020) . iT4FEk, HREWY
s AR S w5 Y SR B SY R AT TE
# (Lietal, 2018) . 5% CIEHEAE, 2017) | 4F
( Beesley and Marmiroli, 2011 ) %575 [, X} &5
PR D . BRI, IR ECh
5% —10% Y75 I8 2E P i ik 2 AR K rh i g 2
L (Khanetal, 2014 ) ; WINBTRSECH 1%—4%
1) A5 B AR ) e XoF K R FF R 1 5% I ANt % (Yin
etal, 2017; Yangetal, 2018) . {HJEAILIF H s
IR R, 80N 3% HI/KRERSFHAE
W B LT 4 A Wy (R VS 4138 1 LUK
B9 ¥ BE (Wang et al, 2017; Qiao et al, 2018) .
YT O, I OG- 2E e R AR K e SRR ) 5
W LA ATE R, 59—y, ARG E AR
7 VR N ) A 3 BOE RO 1% —10%,  SEBR
Al Az 7 H R B AR 9 R 20—100 thm? (F%
15 cm BUIRE R 1.3 g-om”® 1Y + I FEHH )
XAE S PR e LS B, R, A et —
TR 5% A= 190 29 AR 391 2 8 o) 4 38 s 22 RE )55 g B,
MLFE,

AW FE B XA e 4 AR/ AR
WREFT AWk, PEATAARFHIALS, B7RIRsT .
(1) BRI ECN 0.5% AR5 A 2% % A
Kbt BRI EEN;  (2) AR RS IR & (5
OB 0.5%., 1.0%. 3.0%. 5.0%) %+
R R S AL R S ML, DAY R yS ot £ e



EENI,

HTE AR SRR IR
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1.1 REA R

B 1. R A M AT E L (32°09'N,
118°57'E ) ffiy5 e+ 1, £+ W%, 42 mm
i, A A TR LA, AR S
MR 1.5%+0.1%, pH {4 6.5, Zh + 9.3%, #rab
76.9%, b 13.8%, MK (104+5) mg-kg ',

B AE IR /NAE . RRAERS FEAR 2 AT
ARG R, 3 S A RA T . AR R I
A MRAEREFF AR A AR A K AR Wk K
FRARIBTRE (292 cm) , $EASHH (500 mL) |,
s, JFHMEEE, RAiETSHPN, K
FE KR N 600°C, TR & 10°C min ', ik
R ib 1 he RIEREZREFIGE, B
g, it 0.28 mm G 75 o /N2 A 9 gk pH 10.7
( #k: K=1:20) , A 0.14 mg-kg o
Y pH 104 (- e K =1:20) , HffEASM
0.15mg-kg ‘o
1.2 ZRHIAEIEIT RiFERLE

AR T 2018 4F 6 H 7E 4R A I ¥ K 2% 1N
A IXHE SRR AT ( BRI ) o (2
B CRINEM R, & 13 em, HE10em) ,
Rt 2 kg, MURAEHERR — &4 (KH,PO,) H1
JRZ (A 128 mg-kg ', B 89 mg-kg ', A
112 mg-kg ') YR IEHFRST, o B E
3 AMRFEL . XFREAL, WI/NERSFEAEYIR (/N
% BC) , INIRAEREFF A (ML BC) o 1F
TR (REL 2 em) KU TFHE10d )5, &
AN 2 BRESE 30 d UK REG T (IR BREUKAS
A mAE 538) (Duanetal, 2017) , & AabFE
HIE 3 TPAT. AKREAERIRMEH AR Cadh
0.4 ng L") Pei, (RBKEE 2 om Afr, KHE
AKR 108 d (20194E6 23 H—10 H9H ),
KAEAE KW PR ICE 2 4 . r B . 3k
L e, A, BIRRAE S 21 d. 43 d.
68 d, 108 d, FIHIFLERACKRHEAT (Rhizon MOM,
L2 0.12—0.18 um, K 10 cm, Wageningen, fif
) SREMFR BHEFLBUK, g st HNO; ({4
UM 2% ) PR AfF. [FIRT, SREEARPR I, M40k
EWA M (K3 em, HE 1em) , HTRGKE
(5mL) %4, BRERERRHRRG (-200C) .

S5 PRI RS REOK TR BRI R AT ST

PEEUA AR AR I A 1+ (68 d #1108 d) 4351 FH i
T A% (NHH,PO, ) FIERE: ((NH,),C,0,) #<HL
MRZEE S MEE S (Stroud etal, 2011) .

IKAE AR, A ARAETERE . FEFF (il
25 FAR, T ERAKIEYE 3 G, P LR
FIOKIEWE 4, MG BT 40°CHIHE LT =18
H (A 72h) , WEITE EAYE. B
FEFF I (IKAALL, fEE) , K L52)E K
BEK 258 TR (24 h) , AN —YKK,
AR VR TIE, THFE SRS, & 0.15 mm i,
B AR R FH AT IR TR M - TR TR B - % — W FR EN
(DCB) % BR/KFEH &8k 5 ( Okkenhaug et al,
2012) , VEWEIETINRADTE (IKAALL, TEE) .
FRARES T —20°CIR-AE#
1.3 PN KR AL TR

AR R A K KT, B SR OK RS AR B 11938 Ji
a2 B MR AW E NN, (FRRR—E
B0 AN PR R 2 5w A IR PE 19 2 7F ( Schmidt
etal, 2011) o A TWFFEAIRIFEA YR AEIRE S
PFF XIS R A R, ASALLR G 43 1)1 B
FARERAL (1) : /NEZE BC, WS E T E L
9 0.0%. 0.5%. 1.0%. 3.0%. 5.0%; #i1{EBC,
TR B 0.0%., 0.5%. 1.0%. 3.0%.
5.0%. BAMEPRAIEE 3 APAT. FRIL6 g HEMT
50 mL B0, A, kB 7K 30 mL,
[ B FLER 84 5 mL, fin 52 M, FrA AR E T
25 CBEE IR EE PR 5% 28 d, BEIUK AR Pr R4
WhE, KRG, R E A 2 S 80K I
S (WA HQ30d, [ ) EIRAFEM NN
JETIEFEW ey pH, A iR E A (Bh) o 2R
JGAE 2500 X g F & .0 20 min, FHREREREAT
B, i 0.45 pm REFNJERE (2%, E)
U8, B 10 mL P8O gL 4l HNO, 47 (1A
PEL2% ) FT SRS I E o S5 FRIE
I, R URTERE T ARRZ &8I (Jr
BH AR50 .
1.4 MEFE

IKFE A AUl I . FRI0.2—0.5 ¢
FEM, INPESAE HNO, 0.8 mL, WiHf# 120 )5, 75
HUABRINE (100°C) 2h, RHUSTIA 0.2 mL W
UK (30%) , FRRET 100°C AW 30 min,
RHAGERZE 10 mL, T AT . B0k, FLBK
AL b - R WO, R R 200
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i+ (AFS—9230, #H K, W) Miehyk s, it
B2 U EZ bR (B, fEE) , A 2% 1
24l HNO, T BEFRMER W, 159 21 07 75 A VA TR
40 pg- L', MIA 2.5 mL B R (5%) 59030 i R
(5%) IRAEM, FEIA 2.5 mL 20% HCl, E%
#] 10 mL, BCE 2 h, REMHHEER] (5% KOH
1 10%0 KBH, ) FI#RE (5% HC1) EHLIER, X8
H shfi BT E Rk (0.5 ug' L', 1.0pg L,
25ug' L. 5.0ug- L. 200 gL', 40.0pug L"),

#1245

I R A A B IR R SOG4 (Varian 710-
ES ICP-OES, Agilent, JE[E ) MR, [ 2%
(A 2 4 HNO, F B b o 15 TR A5 21 T 75 A VS T
50 ug-L™'. 100 pg-L". 200 pg-L ™', 500 ug-L ",
1000 pg- L' I F LMl BT £ brdk, LARMFIIT
RhREM LIS MR B KT 0.99, B,
BIMOHE I R 2S . ST T RCR (F i
(114+18) pg-kg ') VEMPRMEY T, Frfs mISCRLE
94%—102%,

E1 OLEBOHITR

Tab. 1 Designed of pot and microcosm experiments

A% Pot experiment

FEHIRLE  Microcosm experiment

Ab3Z o = - o 4
73 KK FEAF A FBEE BT
Treatments . . ) . . .
Biochar Brown rice biomass ~ Straw biomass Gradient design
pujiist: , .
e 25 (16.8+1.3) ¢ (14.5+1.0) g" =
Control group None None
/N# BC 0.5% ( BTet 5340 ) /NER 0.5%. 1.0%.
J E o (ﬁﬁiﬁﬁ) J z*uﬂ: (20.6i049)gb (13.5i0.6)ga 0 (]
Wheat biochar 0.5% wheat straw 3.0%. 5.0%
HifE BC 0.5% (BRESH0) FAERFT 0.5%. 1.0%.

(204+1.5) ¢° (144+12) g

Cotton biochar 0.5% cotton straw

3.0%. 5.0%

AR FRER R AN RIR () 25 22 57 (P<<0.05) o

Different letters indicate significant differences between different concentrations (P<<0.05).

1.5 FitaihAx

ARSCHAT BRI GETT o Hr 2R ] SPSS 16.0 %%
1, SE U R R 7 2253 1 (one-way ANOVA )
BEMIKF P=0.05, HP Ry 250 Hr 5 mi
JH Tukey’HSD ( honest significant difference ) £
B0k, ANImlAb B 2 18] i 2 2 e T AN (] - B
a, b#R/x, I Origin 8.5 #1722 K.
2 HRETE
2.1 AR KIS S ALK E R it AR E

2

Jo1 1 43 BN 0.5% BYAIR R 5 /N 22 R AL 2R W)
HRIESINIE B  E DDREK th Ak B,
b E AR iR B, HUR NG N T A AT A
& (Bl 1a) o /NZZ BC A2 Fifi 4L BC Ab 40
BEK i B 4351 R (0.30£0.02) mg-kg ' (0.30+
0.03) mg-kg ', HXFHE4] ((0.33+£0.01) mg-kg ')
AE LG, AR B TS I AL BEAR T 29 10%, 3R IR
)i 2 ) e AR R oK Ak B2 4 A BR . /hNZZ BC
Ab B ZH FIRR AE BC AL B ZH F5 AT o fh vk B 4 51 Sk
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(8.59+0.89) mg-kg ', (12.52+2.41) mg-kg ', 5
XF IR 4H ((7.96+0.68) mg-kg ') A H, /N # BC
AEPRLA I TN T 2 7%, AL BC AL FHALIE N T 2y
57%. [FIIE 2 IRA5Ab R fif ok Ji5 SR AR > F >
Rk, R T KRR S, AR 5 B AR AR
R, Em L EE TR, EUBRTE b, Rk R
b, X 25 R 5P (Liu et al, 2006) 145
B2, MRS A RS BE KRR AT rp e B b A
7R AR R C Y R e S U 7 N SR
56) o B 1b . K rp i i il RS R AR
ARG, PR AW S I S 3G T 2 12%.
FEFF AR s SRR S X IR AR L, /NEE A
WA T 29 2%, FRAEA Y a1
2y 51%, KK i A e RN, (A
WD, IXA]BE SR AR P TS NS AN T KR RE K 1)
AP (K1), AYEEIES T YRR
ER, SRR R, X—M4 5 Shu
et al (2016 ) AINAYA: Wi BEAE FH i BURE A AR B2
FEARBL AR (SR V5 YA I H 3 78 i A= 9y o 3
T RRAEYRE) .
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Fig. 1 Arsenic concentrations in rice tissues and its total uptake in above-ground tissues
with biochar mass fraction of 0.5% amendment

2.2 EYRXTFLEK PAFSMA T EPRELE
=LA

0.5% ( Fiit 7040 ) AW s A 3 b2
Wil FL B K Hr v B (& 2a) o KRR K BI,
JIT A Ak A LB K g i A AR R B S A
b, BRI 43 d () MFLBRK
fifl ¥ B 7F 0.01—0.11 mg-L ' J 3h; 68 d ] 108 d
(A6 0 3 Bl 2 ) LB K vk B AE 0.70—
1.30 mg- L 8l 4507 L BRK oo 1 5 24 9k
SRR IHTY 16 Ao T A A v BE %) K 3 ]
REE RN KAEIR RS K a7 A v, I
HAEMA YV N B, ) 550 e, if
M 0K /B S A 25 5 R e 2 2 R BT = 4% i i
AFLBRAK, 52 S B ALBRK vk BEG I ( Chen
etal, 2016; Wangetal, 2017; Qiaoetal, 2018) .
C A A 5 28 W AL B K e i B i Ak Y 8 A
X% (Blodau et al, 2008; Weber et al,
2010) , [&l 2b SR /KR AR K LI K i A A
B I e B A A 5 e e B AR AR AR — B, TR G
3 Wt 2R 1 4% Ak B ZH L B K Rk B S AR B A
BUMIEM KR (FA4H4 R AF 0.51—0.94,
P<0.05) ,

ZE e BN IS A HE rR AN [ 45 2 P s i A
RS, WBR R — A% (NHH,PO,) 1]
IR G ST 4 TR 11%—19% B5h, £ T
P Bl 2 [ aR 25 A S A K, 68 d
(e AW g I 3 ek 25 4 25 A s
S BRAUA e RS, H 108 d (K

I ) YRGS Al R gS A A R
43 b5 0 BEZAR FE 3 iR B (B 2¢) o #RFR+
Herh RIS (NH,),C,0, ) 7J ZE UM i S E 73 L
TE 43%—47% W3, KU T L5y 30% ryff 5
AWais (KRR G ) o ARG
AL EE A R AR R, {NFE 68 d
/NFZ BC AbSRZH R B g (& 2d)
2.3 AEFIEEW RS FLBEK AR AT 1158

PR A SR

i1 28 d IR EAALL IR A5 R R . Y
W Bh [ G E7E 5.2—23.7 mV (HEXF ThRifER
A ) (Bl 3a) , FI T 537K 2 5058 134 R
o A=y s ) mg g im (0.5% —5.0%, Jit
) IR B+ HEA R AR pH
(B 3b) o BRI, Bl Y5 ds n s i 38
R (SR T ALK ) A v B AS U 448
(Fl3c) , WYL mER> (E3d) .
Bilhn. /NFE BC TR ANLLFL R K A fi e 14 o i )
H 160% —534%, AL BC U8 i 2H LK K o i v
JEE 1IN B R 69% —243%., V75 i 25 T vk R AR R
YRGS IR 50N 0.5% i, AR A 2k
K RN —5 (K 2a) , XK PR 5
PEATE B o YA YA T B BN T 1.0%
BF, 2 Ab PR 3 (RBITFALBIK ) Ak
JE SRk B B IE A OC R (P<0.05) , /)
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Fig.2 Dissolved arsenic in pore water and different fraction arsenic in soil during the rice growth

with biochar mass fraction of 0.5% amendment

AP0 IR 0 25 TR 3R Y 1 91 A ) i S T S 3
T P AR B, X 45 R S ETA
Wt 58 45 - — %L ( Chen et al, 2016; Wang et al,
2017 ) o AW NS B g b ROR O RT BB A R
P EEAE M ERE: (1) YAl LUk id
WA Ar )R ) B, Bk EE
HE T B B R N 4 3 W P (Liu et al,
2006) 5 (2) A=W ] DL 5 o i TR Y 3 1
SECE SR R AN AR, SE R AL
Bk ( Chen et al, 2016; Wang et al, 2017 ) .
AHIF 5 A AR B AL B K TP Vs Ak A 5 i
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under different mass fraction of biochar amendment in microcosm experiments (0.5%—5.0%)
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A DARRARRE R (29 10% ) , BRI +20F
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XIS, Bk B, AR, 4E L2018, R R B 2
FE S WOTIE DI 2t e (). KMl FF B FF#2 9K
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