32
ﬁé‘b ;’; %H @t&J T b (D

/IR JNMENTSCIENCE
PAik: http://www.aes.org.cn

AR FERBKB AN R ELS RS M
FET, K, THRE, WEE, & MR, RAW, T, 6

FIHASL:

FEET, WK, TR0, 55 R I R R KV EA LY B R IE SRR, Al Rkl 2274], 2021, 40(11): 2372
2382.

TELR R BE View online: https:/doi.org/10.11654/jaes.2021-0684

FETT BRI HAB S

Articles you may be interested in

AW A I FE A HEAL I FE P Cu L ZnfBEALE ]

EE‘X%‘Ti) é‘&) [H_ H» XUE{H&) *4‘ rD
LV FRBE B4R 2019, 38(5): 1176-1184  https:/doi.org/10.11654/jaes.2018-0952

AU A W e S PN i e B 4 B SOR IS

T, dis, EER, R, K, SRS

LI R} 2447 2018, 37(10): 2304-2311  https://doi.org/10.11654/jaes.2017-1734
IR b TR 26 v o 42 TR E’J%@ﬂ:é&f

TYERR, AR, AN, ARG, AT, X
AV FREE R3] . 2015, 34(5): 994-1000 https://doi.org/lO.l1654/jaes.2015.05.024

WIS BT Y T T B S SRIE A ISR
ERBE, THEEE, BZE, XK, Wi, MK
LMV IAETRL2A4 4] 2018, 37(6): 1132-1140  https://doi.org/10.11654/jaes.2017-1501

A= RV FEE XS B35 e - S rh B AE R A5 52

WiRihe, FOME K, BRiEZE, 224675, Bpg &
el FREERLE2E4T. 2016, 35(5): 913-918  https:/doi.org/10.11654/jaes.2016.05.014

KEMIE AT, RFHEZBHRE R

Jo


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2021-0684
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0952
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-1734
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2015.05.024
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-1501
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2016.05.014

2021,40(11): 2372-2382 R W ®E M FE F R 20214F 11 H

® Journal of Agro-Environment Science @

FET, K, TR, F YRR AR IE VA DY) K R I AS R R ], AR PR R 2424, 2021, 40(11) « 2372~
2382.

WANG X Y, ZHANG X, DING J T, et al. Effect of biochar on the aerobic fermentation of dissolved organic matter and on heavy metal
forms[J]. Journal of Agro—Environment Science, 2021, 40(11) : 2372-2382.

FEisRLE 0SID

EMrNFREBKSEENALAEERESHFN

EETFT, R, TRAEY, WEEDY, R, AR, BRap'?, T4,
e
(LA AR B AL B FRRTERE . L0 1001255 2.7l e b MRVEURRSR FLITIEA 13 U T 500 % L3t 100125)

W OE NI & B AL ERE K EEA DL (DOM) 453 DL b B4 JB8 B A5 AR AL B S R ML, LARE ZEFNFEFE A JsURE
IS LU0 A P dre M R A A R TR I U R B . 45 SRR < R B S AR W e S N8Ry 0.5%  15% 1 25% Ak B 1) 65 42 I
ZEW R4 WIS IN T 22.69% . 24.49% . 25.32% Fl 25.45% ; 45 4 PR X} B 42 J& Cu.Zn . Ph. Cd B £l Ak 550 3 43 51 4 25.80%~47.00%
16.73%~31.34% .31.81%~57.68% F1 20.00%~71.47% , ¥4 {fi 35 11 AR ok ¢ v 110 B2 R 255 i) 45 M A 2 M 25 5 S RNDLIE A5 5% 1L s DOM 41 43
WEE . pH VEC FIE 7K 22728 Al 0t 5 43 JR TE A 3 A B RS A, Herb ey B R ) 508 X6 7T 28 4 25 Cu o Zn ca?ﬁu%ﬂﬁ%ﬂﬁi% iU 30
HEE WA EFEER, pH X E AR Y ik 5 5 48 8 1 o0 3 LTI X B 4R B AW 0 Fe e MRS LR BRI sEm . R 9Tk
Y, R0 2 07 AR T el R mP VS N A= 9 e T A 1 DOM 20 43 H 14 5 EEL R ) 0 AR 2 A, 1T o0 17 8 00 IR A e P D B 4 )8 Ay
(& &

IR AR IS I R AR L (DOM) s 4R

RESES:T0920.1;X71  CEAREM:A  XEHS:1672-2043(2021)11-2372-11  doi:10.11654/jaes.2021-0684

Effect of biochar on the aerobic fermentation of dissolved organic matter and on heavy metal forms

WANG Xinyu'?, ZHANG Xi'?, DING Jingtao'”, SHEN Yujun'*, MENG Haibo'?, ZHOU Haibin'?, CHENG Hongsheng'?, WANG Jian'?,
LI Ran'?

(1. Academy of Agricultural Planning and Engineering, Ministry of Agriculture and Rural Affairs, Beijing 100125, China; 2. Key
Laboratory of Technology and Model for Cyclic Utilization from Agricultural Resources, Ministry of Agriculture and Rural Affairs, Beijing
100125, China)

Abstract: The physical and chemical characteristics of the fermentation process, changes in the composition of dissolved organic matter
(DOM), changes in the binding form of heavy melals, and the influence mechanism of biochar were investigated. Pig manure and straw
were used as raw materials to which different proportions of biochar-used as a passivation material-were added to carry out aerobic
fermentation experiments to analyze the physical and chemical properties associated with different fermentation times and DOM
components and the influencing factors and mechanisms of heavy metal forms. Results showed that the contents of the humic substances in
the 0, 5%, 15%, and 25% treatment groups increased by 22.69%, 24.49%, 25.32%, and 25.45%, respectively; they showed varying degrees
of passivation effect on Cu, Zn, Pb, and Cd. The passivation rates were 25.80%~47.00%, 16.73%~31.34%, 31.81%~57.68%, and 20.00%~
71.47%. The relatively more active adsorption state transformed to a more stable complex form and precipitation form. The change in DOM,

temperature, pH, EC, and moisture content had significant effects on the form of heavy metals. Among them, fulvic acid and humic acid had
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significant effects on the exchangeability of Cu, Zn, Cd, and Pb. Humic acid played a major role in the complexation of heavy metals, and

pH had a greater impact on promoting biochar and heavy metal ion exchange and co—precipitation and the stability of heavy metal

complexes. These results indicated that adding biochar during the aerobic fermentation of pig manure can promote the conversion of fulvic

acid to humic acid in the DOM component, thereby promoting the formation of stable humic substances and increasing the efficiency of

heavy metal passivation.

Keywords : biochar; pig manure; aerobic fermentation; dissolved organic matter(DOM ); heavy metal
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Table 1 Physical and chemical characteristics of the compost materials

JER o N 4l T 4xJ8 Heavy metal/(mg-kg™)
Material pH Total nitrogen/(g-kg™)  Total phosphorus/(g+kg™)  Total potassium/(g-kg™) Cu 7n od Ph
$% 2% Pig manure 6.64 56.8 17.3 27.10 126.88 1331.78 091 1.6l
FAFEFF Comn stalk 715 7.07 0.97 23.80 3.41 112.77  0.07 106
=¥ 5% Biochar 9.12 4.07 1.72 31.60 8.19 72.17 022 0.1
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Figure 1 Effects of different proportions of biochar on physicochemical properties of aerobic fermentation of swine manure
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Table 3 Changes in nutrient content before and after aerobic fermentation

Lb C/N M N/(g-kg™) P/(g-kg™) K/(g-kg™)
Treatment %@ Before JZMEJT After  Tvalue L@ Before J&MEIT After R BEHT Before RBEIG After RMERT Before RMET After
T 26.75 9.57 0.36 30.7 29.3 10.5 19.8 25.7 36.4
T2 26.11 10.90 0.30 26.2 31.9 9.0 20.8 243 37.1
T3 27.17 12.33 0.45 25.1 27.9 8.2 17.5 26.9 31.2
T4 26.54 1523 0.57 24.7 272 10.3 19.1 26.3 21.6

T T{H- S A R AR CIN S0P C/N I EL (R

Note: T value=The ratio of C/N of final material to initial material of aerobic fermentation.
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Figure 2 Three—dimensional fluorescence spectrum of dissolved organic matter(DOM) during aerobic fermentation
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T2 T3 I T4 2b 3 A A2 4 35 Zn 43 AR T 6.50% —6.11%.2.86% 3.77% 4.42%; FRIE A5 HEARASAY A 5
4.77%.9.39% F1 8.30% ; it 5L 2 Zn 5 38 e 35 Zn 19 7 B AT 42 )8 Cu.Zn.Cd . Pb AL AR N2 5
SR B ] 5 B ALAS Zn b7 He A3 300 T 15.10% . Fin SRS E iAo ) 4k P TR 4 R B AL RO
6.32% .8.69% F12.39%; 5% 4 Zn T 281k, Cd iy BERAET:, REAS PE JE TG HEA X i I S T 4R
e AN 4c BER , K BESG T1.T2.T3 Fl1 T4 2Py ] 5 BN FRAE P28 B S FTRE S H AL,

R4 FRLBEESEAREKNTI L (%) &5 BREBERAOTUE(%)
Table 4 Percentage of total heavy metal growth after aerobic Table 5 The passivation efficiency of heavy metals in
fermentation (%) each treatment(% )
Kb FE Treatment Cu Zn Cd Ph AL 3 Treatment Cu Zn Cd Pb
T1 26.97 39.53 130.77 52.08 T1 25.80 24.05 31.81 29.50
T2 28.08 32.99 110.71 48.94 T2 47.00 16.73 52.07 20.00
T3 31.89 33.56 117.86 63.04 T3 41.70 31.34 51.54 71.47
T4 22.99 35.63 152.00 58.70 T4 44.90 25.56 57.68 53.78
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g S
= 80f = 80r
&= &=
& &
K 60F g eor
# 40f #® 40T
x x!
f§ 20 :§ 20r
0 - = > = 0= - pres > ~
B THEM mRE REELE ERIE P FHR SR RRES RE e
A48 Time 4] Time
T3 T4
100 100
8 g
= 80t = 80f
&= &=
& &
K 60t g o60r
= =
& 40F % 40 -
x| x!
?é 20+ ;§ 20
0 - p— > 0 =
WU TR SR BRI R A WO THRM SR BRI R Ak

51 Time 53 Time
OXV ORKNV OxI OxI OKXI
B3 BRI G E

Figure 3 Distribution of the proportion of the fluorescence area integration
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nes 2380 RWABERNZZR - EERESHEET LEPOESSNE:
24 BRISHFHKREENYESELBRATUN TP T 5 R e TR, — R et
EEETe G4 R B THIASHT R . pH 5 T A 25 1 Cu.,
BB E S BB AT ZHI DOMALSr 7o .Cd PhER B E GG, pH 6 54 BB 2525 (A
AR SRR W BV S KOS R R A BRI, pH BT 3R T I R s A i ) B 4
HU DOM 2043254k JRIE pH EC. B KSR MR RS RO RE MR Tk 4 8 6 2k B T30 He
T EE BRI Cu Zn . Cd Fl Ph & TE 45 & & gE AT A0 e 40 ZRTAI R BR  FETTE S5 SO, Ak, pH 5 HA 5L g 25 15 A
B, LS5 015 6 s X%, ALY DOM & f A5 {5 B35 (16 . HE 400
FEHE AT 45 BT 00445 CuZn . CA Ph DI BB HA S48 8 TR 45 W3 pH 50
B R YR R RS G, SERMYRE B W% pH TR R A R [ 5 R gk
WG, B Zn MY B KOTSRS, Sk R EC AL
PERBUE IR 2 S IEARG B A CARIPh 5 AT ACHAS Cu. Cd . Ph 40t %6 52 35 TE AR G, B 2%
KB W KRR A AT VMU R R R AR R AR K A TR P R I o R
WG, SRV B R B RS SRR RE AR BT
Zn AT IR ERCE VIR R RE O
X, A G RR ) R 2 B  TEAR G 5R8 25 Zn .Cd . Pb =Y
AR I 0 S R B 5L B MG | KR (DI R B R R R IIE 5 5 L pH B KR
WL B E ARG, RESE R DOM LS FOKIE  ECHI GIZ M 2 03 (L AU Bk AR e 4R 55 T J6si
/NG TR0 FA [ BRI A0 TR0 HA BB 0K, o FSWIR o  A23E 7 FA 1) HA [R5 4L

RN R Y R AR AR X 4 B TR S A R R (2) TR A=W 5 s oAb BT 42 & Cu\Zn Pb
Boh B, P HA R MRS ES RIS Cd AL SR AN TR, 5 2 RE (1 A X 45 25 1 18 fh
Al FEAERW, AN EBNRGE A AR FUIE ST

TR 5] 28 H A5  Cu Zn . Cd ¥ 5 B2 IEAH G, (3)DOM 4143 7 FA FIHA X A 324 75 Cu . Zn . Cd

Kl R R ALY B RS R PR, 1 FI P BRI, F R HA X E G R A 2% 5k T EAR

Fo BUMRMEARERSEESRATIRENEXRY

Table 6 Correlation coefficients between physicochemical properties and FRI of the five regions decomposition for heavy metals of exchange

FLIFIEA DOM X A3 FRI of DOM T . Sk S
Heavy metal fraction 1 I I v vV Temperature pH EC Moisture content
EXCH-Cu 0.466* 0.529% 0.845%* 0.575%* -0.611%* 0.401%%  -0.522%  0.439%* 0.579*%
RF-Cu -0.315 -0.221 0.078 -0.124 0.182 0.560%* 0.280  0.060 0.043
OF-Cu 0.033 0.023 -0.127 0.023 -0.002 -0.196 -0.086  —0.168 -0.043
RESI-Cu -0.290 -0.306 -0.269 -0.298 0.312 -0.141 0.300  -0.188 -0.305

EXCH-Zn 0.251 0.315 0.765%* 0.392 -0.415% 0.691%* -0.398% 0315 0.403
RF-Zn 0.271 0.252 -0.036 0.224 -0.217 -0.446%* -0.402  0.122 0.117
OF-Zn -0.311 -0.383 -0.788%*  -0.501* 0.491* -0.592%%* 0217 -0.367 -0.426%*
RESI-Zn -0.572%%  -0.532%* -0.394 -0.379 0.507* -0.097 0.396  -0.332 -0.530%*
EXCH-Cd 0820+ 0.833%% 0.714%+ 0753+ -0.839%* 0.424%  -0.584%% 0.655%* 0.800%*
RF-Cd -0.343 -0.448%  -0.625%*  -0.517%* 0.499% -0.631%* 0.227  -0.388 -0.544%*
OF-Cd 0.215 0.283 0.124 0.333 -0.272 0.095 -0257  0.287 0.389
RESI-Cd -0.515*% -0.507* -0.151 -0.470% 0.471% 0.246 0.573%%  —0.454* -0.521%*
EXCH-Pb 0.673* 0.680* 0.510% 0.596%* -0.688%* 0.069 -0.657**  0.461* 0. 706%*
RF-Ph -0.356 -0.459%  -0.623**  -0.527%* 0.508* -0.635%* 0230  -0411* -0.577%*
OF-Ph 0.234 0.303 0.152 0.354 -0.295 0.115 -0269  0.304 0.417*
RESI-Pb -0.493* -0.484%* -0.154 -0.449% 0.452% 0.236 0.542%%  —0.421% -0.533%*

T A 2R 7E 0.05 F10.01 K- | iAo

Note: *and**, statistically significant at the probability level 0.05 and 0.01 respectively.
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