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Abstract A baich of biochar was produced from pyrofysm of Typha angustifolia (TBCs) at 200-500°C for 2 h and 6 h to investigate

the effebts/of pyrolytic temperature and heating retention time on the physico-chemical properties. Moreover, Escherichia coli (E. coli)
HB101 qnd the seeds of Helianthus annuus were used to preliminarily test the ecological risk of the TBCs. Results showed that the
heating retention time (i.e., 2 and 6 h) had no significant effect on the properties of TBCs, while pyrolytic temperature significantly
affected TBCs’ characteristics. As the pyrolysis temperature increased from 200 to 500°C, the mass yield and contents of hydrogen (H)
and oxygen (O) decreased, while the contents of carbon (C) and ash increased. The pH and surface pores also increased with
increasing pyrolytic temperature, whereas the O-containing functional group (e. g., —COOH and —OH) decreased. These results
indicated the increased carbonization and aromatization of the TBCs. For the inherent nutrients of TBCs, the total phosphorus ( TP) and
available potassium (K) contents significantly increased as temperature increased. The main components of dissolved organic matter
(DOM) of TBCs were humic acid-like and fulvic acid-like organic compounds. As the pyrolysis temperature increased, the content of
humic acid-like organic compounds decreased, while the content of fulvic acid-like organic compounds increased. All the TBCs had no
significant effect on the growth of E. coli HB101 and the seed germination of Helianthus annuus, indicating the little ecological risk of
TBCs under the experimental conditions. These findings provide an alternative way for resource utilization of waste wetland biomass and
provide important theoretical data for screening biochar in soil reclamation.

Key words; wetland plants; biochar ( BC) ; pyrolysis; surface oxygen-containing functional group; dissolved organic matter ( DOM) ;

ecological risk

A=W % ( biochar, BC ) 42 4= W) i 15 5€ 4> 5L 5147 ik retention time , HRT) ]£52 0 BC 894 B Ak 5 4
SN 25 AR 3 (< 700°C) IR —Fh S 00 o SRR m LR R B TS [ R R 4
Fos ) R AR G B Y AR B (C) A A EET BHAfG 45 25 1R AN BC A 22 ] ) O R 2 i DR I i 2
SRR IHE, BC 2RO EATRE ¢ iR Yrim B H: 2019-09-08; fEITHHE: 2019-12-22

vt (4] [5~7) 2 gy ! E€UWA: \IWARE &S LR (F KRB LR 5 H
PRHEBC B 5 e iﬁmiii%frﬁﬂﬁ%ﬂ RE: IR E AR A (E AR B UFTE) T

JNA Y [8~11] I [12,13] 4 Thask i (ZR2019MDO17)
%Jﬂj‘ﬁ SERAIER T B EINBUOL s S (1995 - ) de WL BFALE RO B
HEOC R . DAL 2K AR A8 A% 1 [ an I IR TyRER 10 ] 45 1 EF 55 37, E-mail: caizhaohuil995 @

163. com
(heating temperature, HTT ) 1 #4 fi# B} [8] ( heating * JWAEMEH , E-mail : zhenghao2013@ ouc. edu. cn



2964 2D 53

B 41 %

7 FH A RAR ) Ak — b R FH N A ek R
A, AR BC BR T RBEIGR 44 A (N) Fl
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HEDEE. AR, BC T HIEE, kTR
H 3 1 17 7 fl DOM 9 B¢ i 45 7= A= B W) #%
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1l (Typha angustifolia ) f& [E BRI\ A9 7K
A WA B Bl BRI N TR b A S B
U0 BRI RIS E s TR 5 K AL BE T R
T S MR ) DR R At BB, HL B T I ) A
T SN MG 2 55 S, LM B 5 9 T
TS YIRS R Bk A | 5 | A TR AR 2

KU =i 3 JBC ARG HE B MK

TR BB Hi 2. A5 L IART AT AR
YA A JEORER s R RS 78200 S00°C,
SPRIBE 2 FO 6lh e 2 B (DR Cs ) 5

HTT il HRT X TBEs WIHAL~AHER RURE I BEITHTT |
AR o TBCs At BRI R e IR A

FFU MBIOT (. coli HBIOT) FUAAEHIT2E ( Helidnthus
annuus) B4 52 KA IV AG HER 10 A
SRR LA R A AR AN BC 185
I A F I LI AR

1 BRI

1.1 TBCs 45

TBCs ) il 7 5% FH PR 42018 s S A 5100 o 20 ¢
T 60°C T THEAEHHR (2 mm) #& T HEEA
( GSL-1100X-S, B}&h , YL FH) 38 A A< 30 min J5,
LA 10 °C -min ™' A EE SR HINEAEE 200, 300, 400 Fi
500°C Ji7 , 43 BIH# 2 h F1 6 h. AL & R JE 0 s e
R WFEEE 0. 12 mm §fi &5 . 454709 TBCs 435145
it TBC200-2 ~ TBC500-2 F11 TBC200-6 ~ TBC500-
6, 200 ~500 F/~ HTT, 2 Fl1 6 /8 HRT. 73§ 50k
YERXF R, 1E ok TA60.
1.2 TBCs HYZR1E

FIHICZE /0 #1% ( MicroCube , Elementar, 75 [E)
MErEsH C H FE(N) TR &, 750C
IR 4 h g KAy & &, B (0) TR E ‘AT A
XIFEHH . 0(%) =100(%) -C(%) - H

(%) =N(% ) - K53 (% ). FEEREL 1: 20 158
pH. R JH 4 #1485 (SEM, S-4800, HITACHI, H 7<) 43
Mr & 1 JE S R OH B B B AL ( Aatosorb-1,
Quantachrome , SE[E ) 7F 273 K FllE CO, MK Bt - 15 bt
ZRLk I NLDFT BER0HHFLAR 0 A . 1A Lt
ASRLTAMGIE (FTIR , Tensor 27, Bruker, 72 ) I 44 3%
T A, 494 IX 48 4 000 ~ 500 em ™", S PR Ky 4
em ™ O XS 2ROt HL T BT (XPS, ESCALAB
250X1, Thermo , 5[] ) 1 5 2 1 T K AU BE A & &, F
I X BT 553 H11 (XRD, Macscience-M18XHF | #e
) I 2E R, I FEL R TR 433 R 40 kv AT
40 mA kK Cu Ko,

TBCs H SV (TP) A9 i SR FH W 55 12 R i g e
TH - SRR T L Gk A 58k (AP) SR JH Mehlich 3
KA PR SH B B L (e i 22 A A W
Sy BIE 3 AT .
1.3 TBCs MR RAE > i

TBCs B0 MUY 2 1 F > 2 B 0.2 &
TBCs T 50 /mL #4736 T T 150 | r- min - 4&%
24 hJ7, §73,000"rmin " .0 20 min, Hf LA S
0.45 um JERUEIEY A TBCs B4 AITOLAN
JCEET (F4600, H A7, FAS) XHZ $2 3 DOM. ¢
LS IAT T W AR SR BRAE S 10 w13
FEH2 400 mimemin ', AR K (E,) 2 200 ~ 500
nm, KK (E,) 200 ~600 nm. 3= H& & A4 ER
(K) #5(Ca) HH(Na) FIEE(Mg) SFEFRIT R MES
JRICER B b R F R B A B MR BT I (1CP-
MS, NexION 350X, PerkinElmer, 3& ) Il .

1.4 TBCs MAEASFEMEMK

PLE. coli HB101 1F 85 X A= Wy i 47 A= A Pk
DU TRl ) ST o R S A T R S B 2
SEEMEY L. BT LB BRI rh R E
YRR, B 10 mL 23R 15 mL 20 B 57 )
(10°CFU-mL™") T 50 mL T, & THIRIE
B (ZYTQ-50, g ke, i E) i3 (37°C,
200 r-min~"). FJ H % &k AT UL 4 0% 0% B 4 (UV-
3300PC, i, hE) 35T 0,1.2, 4,6, 8,
12 A1 24 h I 5 B W AE 600 nm Ak () W% 56 B (H
(Degy ) 2 1 240 T A 4 Al 4. LA m 1 3 A 3 A
TBCs 1 LB K5 32 5E4E 0 25 (X HE, F1B% TBCs Xl
SE B WO B (14 5 .

BRI % ( Helianthus annuus ) #F R 5204 )t
PRSI 25 Rl S T 1) H S R0ILE 7 i
W R T 2% I UCETREN (NaClO) HHR I 30 min
ATRINEEE G , BAKIZHE 2 h ZPREEA NaClo. 76
A WUZ IR IR AR R B 3R I 23 A 10 mL A JH]
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WP (IR AR, 035 4 AR, D 2 mL IR 3 + 8
mL 4K (L 4) ;@ 4 mL B4 +6 mL B4k (M
) ;@3 6 mL BHER +4 mL 4K (H41) ;@ 10 mL
HAlK (R, CK) . B 7R UL 10 ki fh 7, B
AR E 3 ASTAT. A R FRILE TR T4 T
25°C F 1538, IS W 12 h/12 h. 5 RKANEKAY,
57 diegw M R (DR K BRI K 172 R
) I IR PR RN ZE K.
1.5 ot

K HI SPSS 20. 0 B A% S 56 45 4 1404 7 k3 22
543 M1 (Duncan #5536, P = 0.05) FlAH 5 4 4 My
( Pearson #6556 , XU , P~ 0.01 5% 0.05). F|f Jade
6.0 Z3Hr XRD %8, XPSPEAK41 43 #1 XPS $i4ls. =
R 1 25 25 LA AN I (208 1E 2 B
FIHLG A dr & SO B9 52 ma 2. A A Origin Pro 9. 1
20t = HE T E XTI AR 4 14 T B A
Br. B EIX 8 A 40 X L2 1. E

2 HR5ITR

2.1 HTT Al HRT X} TBCs FEAME 5 (195 )

TBCs FYFEAY BRALAPE RN 2 s, HTT M
200°C F}E5 & 500°C , TBCs P~ 35 T [, K4y i
Hahn, pH A EAR SR, H3 5 HTT 2 B3 1E
K (P <0.01). B4, TBCs i pH 5K o0& 2 3%
IEAHZE(P <0.01) , 328 TBCs AYH 4 e Homdi I if 3=
FLEA. B HTT @9 7H5, TBCs 19 C & 5, o0 A
H &K, HEHIT S ¢ S REEME, 50 M H
TR EAAHIC(R2). ML D, TA6O Ty
LR PAYEF FOKR i = B o i, 30 H A O
B AIRREE . BE HTT Fh, 5 B35 H/C e
WeEFER0 (0 + N)/C 1 O/C AR, 2 B 55 iR TBCs
AR RUE BERTIY & BB, SR AR S g ;'E’?_é Gl
2035 4k, R e R 5] 4 il HET
5, TBCs % 1l @90 % & it i1 72.7% 1% ¥ i =

i _ -4
£1 EARSRE o 81.0%,0 JELFF ki1 24 0% TR 177%(5 3)!
"~ - . orat] = [27] - % — . N, P
Table 1  Fluorescence lntebra;;ilg;n ZZ%]LEZJ& Ej BC %@FE%*H{ZK ! i‘%ﬁjﬁ%éﬂ}ﬁ%%ﬁ Uf"il IH,I‘EE
A Wk I -,
e TR ] Al Wy S

b AR (B )/ (Bt ANREEE SIS e PIARTL A H 3 SCHEDA == Al

1 W E IR | 220-250' J 7 2507390 I, U 5T AN S 20 G T HTT %) BC Kol
]']11 f;;:jii ;;m f DR RS SERAMRO R (R AR BE

& R it = ' ) 2 i A F i 1
v M YR 250 ~280° ZSQ_]~ 380 E/J/Fl 4{‘@ )‘ﬁﬁj‘. %\ 3 j‘j jJ ﬁb/ﬂﬁ BC *jﬂq’ E]/J %k*uﬁjﬁﬁ
v J A K 250~400 | 3804500 | | PRAESZEE.
oV o | &2 ITBeS MEU SRR
: J Table 2 Physicoié:flemical properties of TBCs
= > TERA (BT /% T I
GH A 52 /0 R (550 /% K% J5F oH
| C H 0 C:N 0:C H:C (0+N)/C

TA60 / 40.9 5.64 43.2 1.87 8.39 25.5 0.792 1. 65 0. 831 5.84
TBC200-2 79.3 43.8 5.11 38.9 1.94 10.3 26.3 0. 665 1. 40 0.703 6.92
TBC200-6 74. 4 45.1 5.11 37.3 1.99 10.5 26.4 0. 620 1.36 0. 658 7.16
TBC300-2 43.8 50.8 3.89 24.0 2.34 19.0 25.3 0.354 0.919 0.393 9.91
TBC300-6 53.1 49.3 3.98 26.8 2.24 17.7 25.7 0. 407 0. 969 0. 446 9.35
TBC400-2 37.1 50.8 3.05 21.6 2.30 22.3 25.8 0.318 0.720 0. 357 11.8
TBC400-6 34.7 50.6 2.83 21.4 2.25 22.9 26.2 0.317 0.671 0. 356 10.3
TBC500-2 34.4 52.2 2.40 18.9 2.22 24.3 27.4 0.271 0.552 0. 308 10. 4
TBC500-6 32.5 53.4 2.24 16.8 2.10 25.5 29.7 0.235 0.503 0.269 11.0
P -0.914™ 0.904 " -0.988™ -0.936"" 0.472 0.962 ™ — — — — 0. 846 **
1) # * FRLE0. 01 KV |- 8 3EA K

R3 TBCs REHME

Table 3 Surface properties of TBCs

c—cC c—0 ¢=0 0—C=0  HEHEMN fLIER

7 9 %

NH /% 07% N% /% /% /% /% /mPegl JemPeg”!
TBC200 72.7 24.0 3.30 65.0 28.0 3.87 3.13 63.6 0.021
TBC300 78.1 20.1 1. 80 78.3 2.45 9.15 10. 1 146 0. 046
TBC400 77.8 19.1 3.10 80. 7 9.59 8. 11 1. 60 194 0. 056
TBC500 81.0 17.7 1.30 81.8 9.48 4.73 3.99 256 0.071

K HTT 4k, HRT 3 252 0 BC P 19 & 2 X
ORI, AW E I HRT N2 h ZEK E 6 h,

TBCs R MICRA BB/ (K 2) . X EEEN
o TBCs ] 28 R P M i BR AR 125, 2 b B3RV I
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TE) 2 DA 5 T A 258 /N R 8 TAGO (20 g) 743wk,
HRT [ IE X TBCs 4 5T o B S 52 . BRI I, 26 124
PRI AR RE AR PR I R R SR 3 it
FHAA# 2 h () TBCs.

2.2 HTT X} TBCs & [fi Z5 F4RHIE 1 52 M)

Bfi HTT JF75, TBCs A9 Eb 2 i AL AL AR B 0%
Bk 3) fLEZEE/N B 1 (a) ], AL A E Y
2. TA60 HLAT BTN 57 48 (18 5 SR £F Ak Rl i SRRAE 119
TYHRZER [ B 1(b) ], X EERHIEZS M B HTT
T 52 BN R B IR B 1 (¢) ~1(f) ]. R HTT

0.04

{h) TAGO

(a) O TBC200
0.03 < TBC300
A TBC400
OTBCs00

0.01

dWd)em™g !
(=]
(=]
(=]
T
{ >
2 [EQ;'@J

(a) TS5 (b) ~ (1) SEM HEJ-

T(200°C ) , K43 F it S SORE W A RE 5 K i 4T
FEAE 45K 5 300°C BF TBC 26 i 45 #2815 2 24 TG
J¥,TBC R HE BE & ML S . 24 HTT & =
400°C I}, TBC. 2% T L B 45 44 58 i = & . 1K L 34
TBCs( <400°C ) LB B, 254 F 2 h LR
fL, FEREHT C B2 L ER LY R 5
AR AL 2 HTT JHE 2 500°C i, TBC F i
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Table 4 Heavy metal content in the extracts and TBCs

Cu Cr Cd Zn Pb
HiH AR TBCs s /alid TBCs AR TBCs AR TBCs 2 /3lid TBCs
/pgel™ /pgekgTt /pgel™t Jpgeke™t /pgelt JpgekgTt Jpgel™' pgeke™t /pgel' pgekg !
TBC200 5.82 1450 7.96 1990 0.261 65.3 27.7 6910 1.14 285
TBC300 0. 645 161 1.12 280 0. 0584 14.6 10.6 2650 0.199 49.6
TBC400 0.232 58.1 0. 181 45.3 0. 0150 3.74 2.66 666 0.0372 9.32
TBC500 0. 123 30.7 0.112 28.1 0.0149 3.73 2.53 633 0. 0276 6.91
mechanisms of chlorpyrifos and chlorpyrifos-methyl adsorption
3 Z?:':-I’/B onto biochars: influence of deashing and low molecular weight
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