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Abstract; Soil heavy metal pollution has attracted increasing attention due to its concealment, hysteretic and high
risk to the environment and human health. Biochar is often used in heavy metals contaminated soils remediation for
its large porosity, specific surface area and plenty of surface functional groups. As agricultural waste, transforming
straw into biochar is an effective way for resource reutilization and reducing environmental pollution. Therefore,
this paper reviews the influence of origin, preparation technology and modification method of different straw bio-

chars on heavy metals adsorption, discusses adsorption mechanism and efficiency and influencing factors during
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their practical application. The content mainly include: (1) effects of straw origin and preparation temperature on

biochar characteristics and its remediation efficiency on heavy metals contaminated soils remediation; (2) processes

and mechanisms of soil heavy metals adsorption/passivation by straw-based biochar; (3) the modification methods

that can improve heavy metals remediation efficiency by straw-based biochar. Based on the problems in preparation

and application of straw biochar, prospects are proposed to provide theoretical bases and technical supports to im-

prove heavy metals contaminated soils remediation efficiency by straw-based biochar and promote the reutilization

of agricultural wastes thereby to reduce environmental pollution.

Keywords: straw; biochar; heavy metal; modification; remediation mechanism
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Table 1

Specific surface area, pore property and pH value of biochar prepared by

different raw materials and temperatures

RSP FLERAR FHgfLAE
. AR EE/C A . " .
kB Preparation A7) Mem” - g™") /nm pH & 5% CHik
Straw type P Surface area Pore volume Mean pore size pH value References
temperature/°C
f(m?-g™") fem? -g™") /nm
300 5.81 0.0066 525 95
AKRERFT
. i 500 64 0.0089 9.06 123 [24]
Rice straw
700 185 0.0288 471 12.8
300 3.07 0.005 1.85 -
INAERERT
i 500 6.6 0.01 277 - [25]
Wheat straw
700 387 0.005 1.61 -
300 6.8 0.0094 553 -
FRFEFF 400 105 00117 445 - 26l
Corn straw 500 139 0.0131 378 -
600 60.5 0.0612 405 -
400 164 0.033 80.1 10.5
HAETEFF 500 107 0.086 322 10.7 271
Cotton straw 600 313 0.052 65.7 12.1
700 273 0.041 595 11.0
300 2.88 0.005 1.77 -
SR FEFF 400 6.07 0.009 277 - D8]
Tobacco straw 500 6.85 0011 454 -
600 527 0.008 3.79 -
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53 1%(321 mg-g™' vs. 61 mg-g'), Sakhiya ZE™ %}
IKFEREFFAE Y e a2 S A L e ALl 3.61 m?
g WA 105 m’ g, F 2 ALA5F T N 4 i R
Zn ik 27.8 mg-g”', W PRSCHERAE A AR, vl
He WA (H B R PR AR AT PR, 6 R A TS YR
A TR

Pl B S R FH SRR e A BV 79 5 1 4%
&R A A SR AR ) e, 1 A ) ik 3R E RE L R
A AR BT BR SR . 1 Shen SE X AE S AE )
PHFAT KOH BetE b 3, i e R i AR T 12.7 %
(1818 m*-g™" vs. 133 m*-g™"), LB FHIK 93.3% ,
W B fE i 25 2 = o Liatsou 2517 F 2-# Ik % g
Xof 24 JINA: W o 27 e A TRAOPE , S R R0 A 9 e £F 4
PR JE X Cu® W B4 = 22 487 mg g7, HLATXTR
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MR EYIIRIEE As/Cd 15 Y% 133 45 R W W)
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A Wk R A e S LA SRR D RE I T
LA, ek H A v B AR . AW e R i
A W AR A g A K A [ ANE SR R A [ B )
AL AR AR 8 2 15 e, 4 von ek A 9 e
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Fig. 1

Methods and characteristics of biochar modification

[65,67-74]
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FEFFAEY o gt HL Ak 38 Cd Al Cu MR TG &
P, AT RS HRAS Cd FEAIK 12.8% , Fe-Mn AL 454 Cd
BB Cd Zr5BE 0 8.17% F1 5.49% ; BREREL 454 Cu
FAK 26.6% , 5% B2 Cu 3411 11.5% , [RIAFekss T 8537
SEAUT ) U E IR A R RS S i T g
FRNRE . AP SR UE D ) SR D RE I T A= 9
i T A B S Y, AL BR Bl 2 s 7 TR M
MELUHE , ELAN P A P A AR — e AR SR T

2 BHEYREBEEERETHEITIEAVE (Mech-
anisms of straw biochar in heavy metal contamina-
ted soils remediation)
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3 B 1 2R M R R | DA I T E 4 BT
Tong 2575 & B, $2  pH o] 34 A= 9 e X+ Cu™
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A5 H S PR e U SR A s e A
Wy ¢ 3 1 85 4 T R fr 8 o T PR R 1 2 Jm S
T DR REFE A P ¢ 1 e EL B AT AR R
T H B R L 5 2 i B i B B T A e 1Y
pH,, 513 pH HAT /NG R,

2.2 BT

IR FHAFTE R & KT Ca®" il Na™ 555 42 )
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Bl Jm B AT B A i A R 4
THEATIE E
2.3 YyHLEE

Wy BRI RS b 2R ) e R TN 8 AR )77 A 2 A2 W)
IALBRZE R RN L R A ™ BERR R, A ik
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P AF B BEM 7 17 AR L SR T AR RN LB 4

TR ) T T v T K Wl 48 TR A 500 ~ 700 <C
B, Az W L 2% T BURTAL B R A K Sui ZFPYF
G I FH B R 2O Pk KT A 2B e 0 b 3 ThT AR v
%898 m’ g™, HLFfiA= Wy i il 45 il E 8, X Fe®
(W BFFPERE 3 5%, 800 °C. il #% 1) ele 4 A= ) e Xt Fe?
A% BFF £ 5 133 mg- g, LR S FEAF & B — B sh
F1E TR R AE AR X Fe® (kWi R 2k A Sy 2 o i
B BRI, ARk LU 2R BRI FL B A BB R | %o 2 4
& 1 VI B R 7 R
2.4 HE1EM

MWy Bé 2 TR & —COOH ,—OH FlI—NH, %
HReH v 5 E 48 BT R ARG, DN [ 1 4
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WP A AR A B LTSNS R A AR
W R 4 e 25 S AR ) k3R T R A 1 AR Ak 46
R, AR —OH 454 8h g (3 422 em™ ) 7E
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b, =W —OH 5HE B FEAE%A, M T—
OH, & ik Wy 2 M f—SH % Hg** .Cd* S 1245 &
AEJIHE R XOR i THER S He®™ \Cd* SR
FERZEY . MAh, AW ik 3 1 E e A IR Al 3d ik
3 NS EER ST A A%, M E LR
JEAS . B, AWK 8 i S A HRERI T e S
13 Fe Mn 25678 UG A AL S Y BT, -5 As
RAESEGERY, 28 1 B xR E e (—
OH ,—SH 45)ilfl i H4L el AL I R A & mE 1,
2.5 VIEMEH

AR IR 53 T ) 1 o3 R 4 i AR TTTE
JINE , AT S5 B0 4 Ja 1 o o e T A e o 5
BEAAS ) S BOL A W 02 1853 AN TR) A B 4 ) 4R
e E A ik R 5 FVBR TR 6 55 U UE P IR A ]
IKFERSFFAEY s C,0,% 1 CO,> A 5 Pb* 43l JE
i PbC,0, Hl Pb,(CO,),(OH), TLIE, /& & Pb 1+
ZHLEPT, OH™,CO,* \PO,™ I SO,* % B &+ 1]
5 Pb* 4 i PbCO, .Pb,(PO,),OH 5 tiE™ | 5 cd**
A% Cdy(PO,), , 5 Zn™ A i, Zny(PO,), UTIE. HI,
BEXSAS ) B G TR b IS, T R 1 B B X AR )
VAT RCPE | iR A W) ek T 4 T I TTCTE R 4
EIE P&
2.6 EARIEAEN
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R
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Fig. 2 Mechanisms for heavy metals adsorption by straw-based biochar

71,008 As™ E AL AS” BEA R Cr ol Cr ™ Lyu
FUOEREAL A Y B S Ca-Mg-Al = JT )24k
& @ A 2 AT B WE M AR W R sC Bk A R 2 A M
BF X As # 5 K IREB 25 ik 265 mg- g™, Hob I
FAIBILTR A 51 2 9 o e THT Y Fe, O, B As™ S fE K
AS’ TG AS’ SRR 48 B AR A ELAL, A2 Al
M-O-As Fifk,

Zi b FEFF AW ol i R E A AR BT
(K'.Ca® 1 Na' %), H fig 4l (—COOH ,—OH Fil—
NH, %) F0 9 5 5 4345, 8 3 B W B 26 A L T0E |
AR R A R N 4 A S A T R

3 BHEYRBEESR SR I ENNESHMN
[& 2 ( Efficiency and influencing factors of straw
biochar in heavy metals-contaminated soils remedi-
ation)

ER 7Y - A RACE st SUN L LN YR €
FHEAZ S pH (H | R AWy etk Ty 50
A b S A [ 48 17 AR PR R 52 (3 3)

3.1 H3EpHH

AW B 4 R Y SOR B 9% pH {H
T ot AEL R 52 A= ) o o] 46 Uk B R 1 3 BH
TURPERISEMR BN, 2R AF AN [ IR B T
FOKREREFF ALY ¢, WFFE HAEAR TR pH {H T X Pb 4
W R, 2 SR, pH=3.5 iF,300 °C 1 400 °C
L EWIHAS P 4 W B 5K (6.82 mg - g7 A1 5.90

mg-g™),pH=6 F16.5 5},500 °C 1600 °C #l4H4E
YW B s 5 K (3.57 mg-g ' Fl11.69 mg-g™"), W
R85 pH A I 2% 105 5 i 2K RS RS A AR 9 0k X Pb
(MRS, ok, R AENIF 500 °C il 5 K AE A
FrAH ¢ W HExE 1438 Po AW B ML AR, o BRI 24
P& pH AR A= Wy B P>, 24 pH =6 I B
AT 92.6% , 1M 42 = f) Na™ il Ca™" B 7 5if JiE i
P> W B R PBEAIG, 24 2 T3 1 10 mmol - L™ 3 &
50 mmol- L™ B}, W[t i 97.6% [ % 92.5% , 1] Il
PE7R pH {E TR A WXt Ph (R IR (H A 1Y
BH B 7 J32 m 400 ) 0 4 J e B A S IR Y
IKFERG AT AL R T Bu™ (40 B A7 A AL B R 2 B
3% pH (EXTKFEFEFFAE Y W B Eu® HAG L5
M, 24 pH=1.9 ~8.4 i, Fifi pH {H T &5 W B i 9%
P E 97% , IFAE pH=8.4 Ik 3 £ KW B+ 40.7
mg-kg™ , AT WLAEY AW M Eu® BOR B pH (B T
i, P, & 3& B pH (E R0 A= 4 ¢ ) 45 5 ]
P v A= ot T 4 I A W R AR RICR
3.2 kA

TR - e A 2R O[] 4 X T 4 i
B RE I ArAE 22 5, nddi ik + HEOR B+ M £ R+
ZEVE Cd I R (55.6 ~58.8 mg - L7 TR +
SR WAL 3 45)(37.2 ~54.5 mg - L)'
R, R A9 16 2 1 4 V5 U 1 S 75 % 18+
BTN IR B A . Wang SE1TRL 400 <C il
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B EARTEF Y RIEE Cd 15 YL 2L F A I &
B, 3% AWk e, 2T AR E pH {E 43 1) 4
#5271 F10.83, ([ £THE B AR P A 20 Cd & i
I IBEA 79 2% A1 49.2% , 3 B A= ¥ 7 ] 38 3 ol A8
NI AR A 18 1) B Ak 1 S5 a0 T R ) 4 R I RN
., RV K RE R FE AR W) R R AN ) 28 A
T HERE RS Cd FrE A, 45 R, BN 5%
AW il B SR K RS A pH (E 20 ) 2 &= 5.22 A
779, AR TR R E 590 psem ™ 1916 pus-
m™ MU SRS 567 g-kg F132.8 g-kg ™',
iARES Cd S ET ML 173% M 563% ., K,
AHAE T R 1 v 48, 5 A 0 e X ik /K A b Cd
FEEALRCR T =, B 145 pH AR A S R /0
GNP
3.3 AYmdtETr

Sk v A 1 i ot L 4 i A T B AR 3 R
WIBR Ak 2 o B A X A W e AT B M, AN, Liu
SNSRI IR RS A A W R AE B Zn 5 9% L 5T &
M, AEY Al -3 pH {6425 0.7 ~2.0, 1 4rf Zn*'
TR 18.4% ~36.9% , 1i KOH gt )5 A4E #y
b 2 T RRURITFL B A B A o A 1k 43 ) B 5 1,74 5 A
1.68 i, 1 Zn WEBRHRCR IR 5 12.6% , 2 B BC: v] i
a5 1 A W L 3 i AR R LB A B T 1 1 X E 4
JaE AR B A5 Al B AU R R R b M K R R A AR
Pymext L3k As WEBHRCR Y52, & BLBR 0k 7K
FEAREFTAE P o - P A 35S As BRIk 63.1%
AT et JE A s ] As® T As®T IR R, i
MREAR -4 As 193G shik . Rk 26O X K ARG
FFAED A TR PR , RIS Cd-As B A5 94 +
BB G R0CR A5 R IN 3% SOt AR W il
HE Cd M1 As 19 B PR R (TCLP) 32 B 40 391 B 1K
755% ~842% F 43 3% ~49.9% , il i PR IR A
AL A Cd A As & & W InskiE A Cd A1 As &
EAE, Li S LUNERE AT R & AR
I A WU IR AT el B o o e e R b
ZFE &R AL ROCR , Z It J5 AR Yk pH $2
i, % Cd>" P>l Zn®" A R o B 5 oA O 2B A e
1 124% .83.3% 1 109% , £ b, A=W s kot i mT
P H pH | BU 2 TR FL B AR AR S5 00 1 412 v 2 0 e
X} EE 43 A IR BRSO
3.4 HEEME

FEFFAEY R X Cd \Pb Al Cu %5 42 8 15 Y + 1
HA BT e B8O, sk 2h PR X

JE 3, L) 400 °C il &K FEAS A W) e AE Mg R
L ARFEHENT CA 15 HIEP ARG CAd(Z L =Mk
T LRI Cd, DTPA-CA) & B 52, & BRI
3% KFEREFFAE Y % 10 d J5 3% DTPA-Cd & &=
REAR 17.5% I35 8Py, SR 77, T+ 3 Cd B
(318 mg-kg ") fil DTPA-Cd & & (25.1 mg-kg " )#&
1o, PG I AR A e AT [ 8 Cd, i EOK M B3 Cd
ERFEIK 60.6% ,HH A 22,5 mg-kg IR T&
i ARERRAE 0.1 mg-kg™), Kk, X TEAE &
AR Y A T 2 AR ) e 5 b A AR BB
DAER B A S8 B FloAE 22 4 RN R AR 9 B 1 % 4
Wang 5 BFGEANR AE Pt Cu AR RCR , & 31
IKREREFE AW e % 48 Cu B4 W B850 56 B i, it
FHIEN 100 g-kg ™" BHHT BATAR R X5 Cu (W R AIK
35% , 3 TR AR E S AE Y ik R VT FS
FFAE AR L At AR T4 £ W e BAT B 1) o
G IR AR I A RIS K R AR Wk
BHECHEXT Cr FEILRICR & B, AE Yok 5 R &2
NERCHE S , i 3% Cr A RCHEFEAR, I K R AR &R XF
Cr H5 4 R BRI 68.8% , 7 W20 Wy ¢ A5 Ho 4
ARILFMEE T 48 15 g H I B R ROR#E— 42
F o Al SEMSIFSE K RE A FF A 9 e 6 Ni 1 I B 24
RN B AT 22 45 A Bl A P it SR 3 (R 1%
1828 2% )T AR (1 70.9% [ % 59%), i Ni 5
Fe/Mn FBRIRERZE & U OMES RS 2 A1, IR AIK
Ni 7€ L3 rp (138 sh it A B bk, vl WL AR ) e e 2 &
4 I 5 e - Ak R it FH R T v

WA EEEE R LRI ERE AT
YU A Wy 3 B % 22 T R 4 R 0 T B LR T A
AL R 45 (5 4 J8 P i ve DRI T B
PENT SRR AR LUK AR RS AT AR 1 ke Sy - 9 e
PRI HAB G Cd-Pb & A5 Y H R il id oo
F4rHTR FTIR 5505 B0 A s th iAo s, +
Herfr Cd F1 Pb A RS TR A & it 1o 2 %R (47.6
mg-kg™' vs. 204 mg-kg™',329 mg-kg' vs. 154 mg-
kg™ ;89.5 mg-kg™' vs. 22.73 mg-kg',36.6 mg-kg
vs. 947 mg-kg™), [FAF,Cd Ml Pb ARG E it e
(262 mg-kg' vs. 18.7 mg-kg™',10.3 mg-kg™' vs.
493 mg-kg™"), fdi +3Erh Cd F1 Pb [EfbEE &1k, £
AWl A UUEE B S Cd-Po EET5 %+
e, i b Yo A R TS Y IR B E Y
PRI R 25 G e S Z LI L AR Bz d 4
JEFPSERANE TR,
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3.5 HIEEHETIT

A=) kot T 4 T B AL KR ) 32 K oy S A S Y
SN 7R 0 R T 3 A 1 AU 3 T S g 2
IR AR, 50 8 pH (H A LT & = A
U i 1113 I Rl A 0 03 o FR N & o S G |
AW B D3 ) 5 5 SR B AR P 5 B 2 e ok o
JaE (AW BRERE T s BEAR G, i, 28 & o AT 5 K
VEFIRAVERIE T K ARE RS A AE W L A
BUAS Cd AP St sE i, KB 6 g-ke ' AEW)
RS 7KAE R AR 58 pH (E 53742 %5 0.3 F1 0.1, A
HUT & 2 5 68.9% 1 45.9% , AT i 7K 1 1 52 4
TIPS Cd Pb &5 IR 7.05% .6.4% Fl
6.55% .6.2% , &t FH A= e X KA 254 L4
Cd Fl Pb Y EEALRCR T &, ARSI 5 K
T IRACE A T OKFEREFFAE Y ek Cd-Pb 515
YL B ARHOR 50, & It 1% KRG RS FF A= 4 o
Jei KRN T 28 B 4 1 48 pH {43 il 42
1.09 F1 1.04, AT PR A HLAR 53 0 32 55 19.8% Fl
31.5% , WE/K RN T 10 38 B 25 F N #E PRk (TCLP) #2
IS Cd \Pb & E A 25.4% 31.9% F116.1% |
20.3% , F B AW e nl 3l o 46 v 498 pH (B AT AT i M
A BRI Po A1 Cd 1A ek, B K 2544
Cd . Pb BlifbRCRE B, A ) 5 4 R s G
BB SR ROR 2 ) B By A R, HL7E K
FME R A R AR

4 #5i25RE 2 ( Conclusions and prospects)

W T AT EOR S\ S 15, R 2 I AE
eI A TERE AR SCRE TR AT AR M JRURLEE R Y
TEFE TS HOR R TV B4 T AR RIE S 4
Ja& 15 Y - A HILTR B 52 B i AR S 5 3R
G3HTAS H < A S AR R ik ] 2 G A ) e R 2 A
AR T - 8 R 5 AR AR W i W R G R AR
W ] B8 VR PR P v T ey (L U o v 40 ) o
PERE ; RS AT LE W) e OPE 5 AT gk — 20 B oy L B PR e
T A0 3 0 3 4% 6 FRTLVE A A B0 o] o o 5%
J& , 2 A2 HAR T E BE B RPN & =5

FRTE A A W o AE 4 R s e R B T
A R AR ET S B B AT AR —E SR IR
F A A Y A8 5 i A R G R RERICR Kok
ALNsE LR 5 AESE (1) H R PT 5 R 245 AR AR W)
REEPMESEG R TIE N E A ESEIT R+
B SRR Ko 5 32 A7 e 3R LA B 46 J& AL TS AL
HETEWA FFRIE; QA LY BA 23055

K Po Ml As A A FEYIB, s AR e Lk
MELLITES | BB+ SRR AL A A [ SE 4, HAR B 5
18R 5 400 Jor RN B [ 5 ) B < i 7 e R B B
H BIRA 27 Ar ORI B R T — R T B S H
PRI T EARITSE s Q)RS AT A W ok 22 R SR IE S IR
PTG g 3 B SR AR TS G H TR I
T MRS AT A= W) 5 A 2 m 5 G S i/ AL B e
BORBIWTIE

BEEEEN X T1987—), &, L, AMAR, TR
F@AXEFTESCE 5 RERT A,
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