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Abstract: Pesticides such as insecticides, fungicides, and herbicides play an important role in

the global agricultural industry as they reduce the occurrence of crop diseases, kill pests, and
remove weeds. On the other hand, these pesticides are a double-edged sword because they
have both acute effects and chronic adverse effects on human health. The widespread use of
pesticides has led to their persistence in soil, water, and agricultural products, thus posing a
serious threat to public health. Therefore, the removal and analysis of pesticides are critical to
protecting human safety and health. When removing pesticides from the environment, it is
imperative to ensure high removal efficiency while preventing secondary pollution to the envi-
ronment. Because of the low concentrations of pesticide residue in the environment, complex
matrix, and large throughput of pesticide residue analysis, a low-cost fast pre-treatment tech-
nique that has strong selectivity and an enrichment effect on the target pesticide residue, with
little environmental impact, is required. Plant biomass-derived biochar is obtained from wheat
straw, corn cob, rice husk, etc. This material has a large specific surface area, high pore

Yo7 B #3:2021-12-06
« BB R A.Tel: (010)62733540 , E-mail : qrpeng@ cau.edu. cn.



< 500 - &) iy

55 40 45

capacity, tunable surface functional groups, and good environmental compatibility, which
make it an inexpensive and efficient adsorbent. Hence, there is a need to systematically review
the knowledge regarding the application of plant-based biochar on pesticide removal and pesti-
cide residue analysis. This paper reviews the application progress of plant biomass-derived bio-
char in the above mentioned two areas over the last decade. The pesticide removal applications
include reducing the mobility of pesticides in soil, eliminating the pollution caused by chiral
pesticides, loading pesticide-degrading bacteria, and releasing fertilizers sustainably when re-
moving pesticide. As mentioned above, plant biomass-derived biochar has a large specific sur-
face area, a high number of functional groups on the surface, and good environmental compati-
bility. Therefore, it can effectively remove pesticides or their metabolites from the environment
without causing any secondary pollution. During pre-treatment, plan biomass-derived biochar is
used as an adsorbent for dispersive solid-phase extraction, solid-phase microextraction, and
magnetic solid-phase extraction to selectively adsorb organophosphorus and triazole pesticides
in fruits and vegetables, as well as organochlorine pesticides in the aquatic environment. This
paper also introduces the adsorption mechanism of plant biomass-derived biochar, where stud-
ies based on computational simulations such as the density functional theory, molecular dynam-
ics simulation, and giant canonical Monte Carlo simulation are carefully discussed. The benefits
of adopting computational simulations are also mentioned. Finally, this paper summarizes the
advantages and disadvantages of using plant biomass-derived biochar in pesticide removal and
pre-treatment, as well as the future research trends in this area.
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Fig. 1 Composition of plant biomass
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Table 1 Properties of biomass-derived biochar
by chemical activation

Activator Physical and chemical properties Ref.

H,PO, larger surface area and larger portion of me- [26]

soporous

HNO, increased the cation exchange capacity and [27]
number of carboxylic acid groups

H,S0, increase the porosity in carbon structure and [ 28]

number of -SO;H groups

KOH higher microporosity and the larger specific [29]
surface area

ZnCl, larger specific surface area and mesoporous [ 30]
structure
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Fig. 2 Adsorption of pesticides and environmental remediation in soil by biochar

a. sorption of four herbicides and a metabolite of indaziflam on a fresh macadamia nut biochar *’ ; b. biochar improves soil polluted

by chiral pesticides'*/ .
CK: control check; WBC: woodchip biochar.
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Fig. 3 Biochar for sample pre-treatment

a. the possible structure revolution of biochar under different modifications for dispersive solid-phase extraction'*’ ; b. SEM of solid-

phase extraction material derived from banana peel ™’ ; ¢. SEM of magnetic porous carbon prepared from waste biomass for magnetic

solid-phase extraction'>’.
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Fig. 4 Mechanism of adsorption of pesticides
on the surface of biochar

FHEIE BT AR /N IR (40 F N L O) A1)
AEFE A1 IN-OH FI-NH fYIEHMEEAZZ 1 | T
T YIIRA P A B R TH A 5 B REHT, X5 H AR5
FAETE S A B SR 52 R s 25 7 2k SR
MNTTTRE I B . Suo 251 BIF5Y T 35 F e Ae AR W ok b
W RMAILIE | & BRAE FT-IR S A7 T 1393 em™
f—COOH &A1 1224 cm™' ) P =0 g 7E W A 5
RAELLRE R AE 58, Ul B B S R A I AR e B AL T I
i 5 5 182 o6 500 2 ] ) SRR

i LR B AR iy A Ay P PR RS S5 R 2 i 5 =2
WS . ARAEAR 251 pK; (B ( HL B B0y okt
B0 AR AE ) o MR 2 THT 1) 45 P s A R,
TR pH (R AT ARSI A 24 0 A Wy b ) Y
HUFEAE . Binh 55" 7858 pH {8 % A 9 % b
2,4-D WK gE &3, 24 pH 24 2. 0 B 2,4-D £
B2k F] 95. 0%, 1124 pH {H-N 4~ 12 I EER R BT



- 506 - Ll

i 55 40 %

REAIG X2 T 2,4-D 1Y pK; HR 2.8, pH {H2H 2
i 2,4-D DI IE B I TE 2UAETE  R) B K A i ok
M L pH,. i 1.1, 24 pH {6 K T4 ¥ i 1Y
pH,, (E A5 ) ¢ 11 25 THT P A oA 970 L A7, BRI G, 7
pH {Hi N 4~12 1} ,2,4-D (BB T 570 0 L i)
WprF I Z A R, T8 2,4-D BBRFE
REAI .

- A AR PR 8 R AR e 35 0 2 () A 55 40
HAER, Binh 2517 &I 2, 4-D YA 15 IR 54
BEZ B - A EAE A B PR a AR X 2,4-D
FRI BT, Tan 251 @558 C=C LT AN 1Y 728 fL3IE
BT H R AR W TR DU PR 2R (1) S B B AL R
m-m MEAEA .,

FLISEFEANE -5 W B 5 50 F R/ N A S A e 2 1
MfL A2 RN L B BE A G, J& — Fh ) BRI B, Park
S LOTHE T K A ) B R Xk 1 R SR A v 1 i 5 v
S B, Bt DL %6 A 388 o, 4 T 174 W B A 38 T
Fm A M T S A LM O &R UL A AR X AR
(R Bt et AR P A A LI TSR . Wang 45170 5T
S B, IR T LAY N A 400 0 R R T R Sk A
0T FLBRARER W/ T FLAR , N HE A T 5 2 A9 FLBR
HARANE
32 EFitEERDNERMTIERR

X6 T 1 B 5 -5 WA 5] =2 1) 7 Wi o AL PR A 9 R
A3 3E Ak ST MR W BN IS B SRR AR A 2 A 58
W A5 A0 I T 59 2 | W B A6 T 2 A S 4 15 TT
(RIS RFAILER L 300 19 1 v e DA 22 L) ) B, %
T B oW FRAR MESEA T IR, JEAROR B
PRITE 013 12 B L TE D) 52 4 18 B L 45
THERASAD  3k O FH - fife e WO A5 R o 551 2 1) 1)
W FFFHILIE A A1) T0F 58 N GFE 2 T A R R sk
*515[71—73] .

WL PR B I 5T 4 R E R A
. 20 142 60 4£/%, Hohenberg i1 Kohn'™ #2 3 Jf:
UEHA T %% BE 7 R BRE A P K e A, @l T A
PP RN RE 0 B Y2 PR BRIE . 1965 4, Kohn Fll
Sham'™ #£H T Kohn-Sham J5 &, /43 T H HL 7%
FETHR SRR I Tk, KRR BRI RN .

E(p)=T,(p)+I(p)+ [ p(1) V() dr+E,(p)
Foh B (p) AR M, T.(p) RIERMBNEE, T (o)
ST ZRHGHETRBE, [p () Vr) dr AR

TR BTG T, (p) eSS ERE,

FAEMNIE SR SEY EiVE N 3 e 3N b |
PEGEFPARL T, FLARBRA BB A A [ 1) B R T =2
Ti) B4 RR ELAE FE AT LA 22 W AR 70 g R 590 0 R A I
Z ] /) A8 B 4E H R F Lennard-Jones #\ g i 17
ETBLY

U, =4ai.K i ] 12—( Ty ﬂ L
! Vi Ty deory

Horr, U, 3R R Z A EAE ;1 Flj 2R A
J7 557, RN T B &, Ml o, 24 Lennard-Jones
ZHq, M q; TR P L

HATC&A — L 3CikikiE 7 e A E A Y
AR SEHLEE P A F 5T . Wang 25177 25 4% Hse it
Bz BRI SEIEIY T AB B A A Y o0 W F
XL S BB HLEE, B e T — R AR
AU AR S B LA A8 7R S HORH 17 1) F, i 3 8 22
BN F AR S 7ERRE R T i) B RE . A%
Ja KB A A iR R T H RIZON R T
W RRPERE , W82 7 A 32 2 AR T I 28, X6 T30
My F R, AN FALEEAY L) SRR EIG s K AR H >ar-ar
V> ZVBEAE FH A 100U S A W B AL 3 = B2
% ar-m MEAE P . 3% AR R S0 (4 A [m] 4 5T
A R B AL S 1A 0 ) LA

WA i 22 R ) FL 25 E 2 ] DA S B of o 7
H b2 S B TP 8, I H HL AT %% BE DR E . Chen 45
iz FH %% B2z R BRI AT £k B0 8 B8 B 3L 4 AT
MnFe,O,@ CACHIEH [l W5z Bk ik A v 1% vl fir 25 1 |
RV LA 8% B, X MnFe,O0, WA [l 4
SRR TR BT aHS MR T 75
Mro FEMRBN TR i R S LSRRI AR
FH AR RE 5 MnFe,O, AHE AR JERL T Bk
B IF AT, JE— Do AT BE A
B S 25 2 A & 3R A T HW RS R DR R AR E . B
S 8 3k A R 3 A e AN A R B A E PR R
Iy p LRI RE BT d H AR AR Y

Mandal %7 5% F 43 F-3h 1 2B ARSI 0 52
FER VAT T T B Ak PP A R A e R 55
T I BRI TR 19 S, 2B ) e PR B IR R ¥4 40 T
TN A= Wy ST ) PR L e R SCBEVE Y 3
T AW R R AR KA B B W R AR W B HUL A
FERFE W IS A A TR - F A EAEH], 5 2%
SRR ZE RAI G o PRGN T B AL H Y
e B A W IR A Ry — TP 2 B A SR 5 15 e R R 1Y)




556 M

SRUEE, A5 AR IR A M IR AR ) il B B AR A 24555 B BT 9 1o FH

- 507 -

T T T DA o A B il (9 A ) 5 3 i ) S0
PEBHHF TIE S

SR TBE T A TR U5 A Wy R A e BT L P
AOBIETE , FTH 45 R AN RE X AR 9 52 30 4 Hh A9 L
PEAT S IR BE TN A 1y TR A X T H AR A 24 1 I
BEMPERE , 352y 1O AR ], S RDRH R S A2
TR T ELTIO S5 R, AR R, B R
RS2 I 5

4 BRHEERE

TR e b 4 RT LA by P K B A 5507
ER RS- A O Bl 164k B2 507 ik
HEATEOME 2 — P R L AL A e S AE Y
MR PERE . AR BORAT R D A T BB AU
FHBRAN B DLHA LB A A 25 2 BRI A 245 5% BE 73 B 4
SR R R T T, FEACE 25 BRI, HoaT
SR A 245 1A B 591, A 24 e A T ok 1) 280 MR R e 2
FEARAAR . TEARZY 53 B LR, 25 W) ¢ 4 L LA o 1 T
BB, vl P il Ak B el R v ity B R 50 4 30 2o i i
PSSR S8 . [RI, BSTHIR Y & R A S a0 4
A LA TSI 5 A ) JBORE R B4 5 R AL B,
R 07 0 W B A A 25 & 3 A R R A ) TR
FEE,

(ELI X T AR U5 A ) 5 PR A 245 45T ) 197
ISR IEAT V22 (R RUR SIS MR DR . 16 50 | LR i sk
ZHESAE SRR FR A AR BRI A7 7
JE | 0] DUOSHEAT 4 S PR BGE , P a5 A KA1 R
BAR o TR R A Y. U, BN AR T
8% R ATL MR F) AT 578 DR TSI 0300 443 ) B 25 2K
SERRIEAT A0 , MELL A 2 W B A v B OO R
AR IE I B TR AT AN 3 07 T AT o — 2D R
(B2 38 i PR TR SO A Yy U5 AR M) bR S A 2 53
FZ ) B R AT R N R e AT Hh i v pHL IR LA
SR ZR A0 | By LA T30 B0 558 v AL D5 A )
BRI AR 25 5% B 22 BRI 75 45 S LA -7 S Bk,
PAS T HAE i ERf 1 . e, R IR A2 ) e bR
F ] -5 IO FHAR IS A5 B A S 30 4 o B, BB A Tl
A R B RS, FH B AT AR A B 2

SE Lk

[1] 2009/28/EC

[2] Correa C R, Kruse A. Materials, 2018, 11(9) . 1568

[3] Ouyang J B, Zhou L M, Liu Z R, et al. Sep Purif Technol,
2020, 253; 117536

[27]

[28]

[29]

Maheswari C U, Reddy K O, Muzenda E, et al. Biomass
Bioenergy, 2012, 46 555
Yang H P, Yan R, Chen H P, et al. Fuel, 2007, 86. 1781
Dorez G, Ferry L, Sonnier R, et al. J Anal Appl Pyrolysis,
2014, 107 323

Kan T, Strezov V, Evans T J. Renew Sust Energ Rev, 2016,
57. 1126
Zhang C Y. [ PhD Dissertation |. Nanjing: Nanjing Agricul-
tural University, 2018

AR [P AR SC]. BT MRt R, 2018
Walorczyk S, Drozdynski D, Kierzek R. J Chromatogr A,
2015, 1412; 22

Kuang L H, Hou Y Z, Huang F Q, et al. Sci Total Environ,
2020, 727, 138412

Babu B V. Biofuels, Bioprod Biorefin, 2008, 2, 393
Colantoni A, Evic N, Lord R, et al. Renewable Sustainable
Energy Rev, 2016, 64 187

Zhou YT, Cao SR, Xi C X, et al. Ana Chim Acta, 2018,
1041 58

Lian F, Xing B S. Environ Sci Technol, 2017, 51(23):
13517

Sharma R, Jasrotia K, Singh N, et al. Chem Afr, 2020, 3
(D1

Kabakci S B, Baran S S. Waste Manage, 2019, 100; 259
Regmi P, Moscoso J L G, Kumar S, et al. J Environ Man-
age, 2012, 109; 61

Mohamed B A, Kim C S, Ellis N, et al. Bioresour Technol
2016, 201; 121

Huff M D, Kumar S, Lee J W. J Environ Manage, 2014,
146, 303

Motasemi F, Afzal M T. Renew Sust Energ Rev, 2013, 28.
317

Pathak P D, Mandavgane S A. J Environ Chem Eng, 2015,
3(4). 2435

Mahmoud M E, Nabil G M, Ei-mallah N M, et al. J Ind Eng
Chem, 2016, 37 156

Xia C L, Shi S Q. Green Chem, 2016, 18(7) : 2063

Cabal B, Budinova T, Ania C O, et al. J Hazard Mater,
2009, 161(2/3) . 1150

Guan HT, Wang Q Y, Wu X F, et al. Compos B Eng,
2021, 207, 108562

Sun Y Y, Li H, Li G C, et al. Bioresour Technol, 2016,
217 239

WuWD, LiJH, Lan T, et al. Sci Total Environ, 2017,
576 766

Toda M, Takagaki A, Okamura M, et al. Nature, 2005, 438
(7065) : 178

Ei-hendawy A N A, Alexander A J, Andrews R J, et al. J
Anal Appl Pyrolysis, 2008, 82(2): 272

Guo N D, Lv X F, Yang Q, et al. J Mol Liq, 2021, 334.
116149

Masoumi S, Dalai A K. J Cleaner Prod, 2020, 263. 121427
Zhao H Q, Cheng Y, Lv H L, et al. ACS Sustainable Chem
Eng, 2018, 6(11); 15850

Ma X C, LiL Q, Zeng Z, et al. Chem Eng J, 2019, 363: 49
Ge YY, Li Z L. ACS Sustainable Chem Eng, 2018; 6(5):
7181



- 508 - Ll

i 55 40 %

[35]

[36]

[37]

[38]

[42]

[43]

[46]

[47]

[48]

[49]

[50]

[54]

[55]

Wang Y Q, ZhuM Y, Li Y C, et al. Green Energy Environ,
2018, 3(2) . 172

Wang S S, Gao B, Zimmerman A R, et al. Bioresour Tech-
nol, 2015, 175; 391

Sirajudheen P, Karthikeyan P, Ramkumar K, et al. J Mol
Liq, 2021, 327 114829

Ahmed M, Mashkoor F, Nasar A. Groundw Sustain Dev,
2020, 10; 100322

Trigo C, Spokas K A, Cox L, et al. J Agric Food Chem,
2014, 62(45) . 10855

Yoon J Y, Kim J E, Song HJ, et al. Environ Technol Inno-
vation, 2021, 21. 101242

Xie J. [ MS Dissertation ]. Shenyang: Shenyang Agricultural
University, 2020

fiRs). [ s ] . YRR BRI R 2020
Baharum N A, Nasir H M, Ishak M Y, et al. Arabian J
Chem, 2020, 13(7): 6106

Xing Z B, Du Y, Guo Y M, et al. Journal of Agricultural
Resources and Environment, 2017, 34(6) : 550

TRPERS, AR5, SEW, & ROV F IS, 2017, 34
(6): 550

You X W, Zheng H, Ge J, et al. J Agric Food Chem, 2019,
67(49) : 13550

You X W, Suo FY, Yin S J, et al. J Hazard Mater, 2021,
417, 126047

Gong W W, Barrett H, Hu Y X, et al. Process Saf Environ
Prot, 2021, 149. 936

Chen Q, Zheng J W, Yang Q, et al. ACS Appl Mater Inter-
faces, 2019, 11(17) . 15478

Tao Y, HuS B, Han S Y, et al. Sci Total Environ, 2019,
682: 59

Wahla A Q, Anwar S, Mueller J A, et al. J Hazard Mater,
2020, 390, 121493

An X F, WuZS, Shi W, et al. J Hazard Mater, 2021, 407
124865

Raynie D E. Anal Chem, 2010, 82(12); 4911

Pan SD, Guo Y B, Wang L, et al. Chinese Journal of Chro-
matography, 2021, 39(6): 614

WHEZR, SRIENE, To7, 45 Bk, 2021, 39(6): 614

Ma M G, Wei Y X, Liu H X, et al. Chinese Journal of Chro-
matography, 2020, 38(6) : 639

B, Mai, AEE, & A%, 2020, 38(6): 639
Hou F, Xue J Y, Liu F M, et al. Agrochemicals, 2014, 53
(11): 829

B, BREERE, XU, 45 &2y, 2014, 53(11): 829

Zhao HY, Bo R, Xue J Y, et al. Chinese Journal of Pesti-

[56]

[57]

[58]

[62]

[63]

[64]

[65]

[66]

[67]

cide Science, 2010, 12(1): 105

BT, W, BEEERE, AF. ARZYSESER, 2010, 12(1) ;105
You X W, Chen X C, Liu F M, et al. Food Chem, 2018,
239, 354

Cao SR, Zhou YT, Xi C X, et al. Anal Methods, 2021, 13
(4): 504

Li M H, Jiao C N, Yang X M, et al. Anal Methods, 2017, 9
(4):593

Wang Y, Ma R Y, Xiao R B, et al. J Sep Sci, 2017, 40
(11): 2451

Ren K'Y, Zhang W L, Cao S R, et al. Chinese Journal of
Analytical Chemistry, 2017, 45(11) . 1669

BT, skSopk, WG, . BT ieee, 2017, 45(11)
1669

JIRT, Wu YR, Bian Y R, et al. J Hazard Mater, 2021,
407 124785

Behbahan A K, Mahdavi V, Roustaei Z, et al. Food Chem,
2021, 360: 130085

Ren K'Y, Zhang W L, Cao S R, et al. Nanomaterials, 2018,
8(5): 302

Marsin F M, Ibrahim W A W, Nodeh HR, et al. J Chroma-
togr A, 2020, 1612. 460638

Kah M, Sigmund G, Xiao F, et al. Water Res, 2017, 124.
637

Suo FY, You X W, MaY Q, et al. Chemosphere, 2019,
235. 918

Binh Q A, Nguyen H H. Bioresour Technol Rep, 2020, 11
100520

Tan X F, Liu S B, Liu Y G, et al. Sci Rep, 2016, 6; 39691
Park K H, Balathanigaimani M S, Shim W G, et al. Micro-
porous Mesoporous Mater, 2010, 127(1/2): 1

Wang P P, Liu X G, Yu B C, et al. Sci Total Environ,
2020, 702, 134767

Hu B C, Gao Z S, Wang H X, et al. Comput Mater Sci,
2020, 179. 109677

Guo X, Liu Y, Wang J L. J Hazard Mater, 2020, 400.
123324

Abdelhameed R M, Taha M, Abdel-gawad H, et al. J Envi-
ron Chem Eng, 2019, 7(6) : 103499

Hohenberg P, Kohn W. Phys Rev B, 1964, 136. B864
Kohn W, Sham L. J Phys Rev, 1965, 140(4A) : 1133

Li Y, Liu H P. Int J Hydrogen Energy, 2021, 46(9) . 6623
Wang T, Xue L, Zheng L W, et al. J Hazard Mater, 2021,
416; 126126

Mandal A, Kumar A, Singh N. J Environ Manage, 2021,
295. 113104



