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Effects of Vinegar Residue Biochar on Chromium Contaminated
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Abstract: To alleviate the negative impact of chromium (Cr) on farmland and crops, 2% modified vinegar residue biochar,
2% commercial modifier, base fertilizer (It is composed of potassium sulfate, ammonium dihydrogen phosphate and urea,
with application rates of 0.05% ,0.08% and 0.08% respectively.) and 2% vinegar residue biochar + base fertilizer (the same
as above) were applied to Cr contaminated soil, and the effects of each treatment group on soil remediation and amaranth
germination were compared. The results showed that compared with the control group(5.12% ) , vinegar residue biochar
could reduce the relative content of weak acid extractable Cr in the soil (4.19% ) , but other treatment groups could increase
the content of weak acid extractable Cr. Morcover, the content of weak acid extractable Cr was positively correlated with soil
pH (r=0.74) , significantly positively correlated with urease activity (» = 0.81) , and negatively correlated with catalase activ-
ity (r= - 0.55) . The results of amaranth germination experiment showed that vinegar residue biochar could reduce the stress
of weak acid extractable Cr on seedlings and lead to the best amaranth, which was better than commercial modifier, and its
dry weight was 3.5 times than that of the control group. The results provide technical support for the study of heavy metal
passivation and crop growth in cultivated land.

Key words: vinegar residue biochar; chromium pollution; amaranth; enzyme activity; correlation analysis

Wi EHE: 2022-03-17; fEEHH: 2022-06-02
BE4WB.: Al E (20YDTPIC01360, 21YDTPIC00590) ; Kt “WiH + BB\ | Ak L 0 (XC202057)
fEEE: BEE (1983—) , B, WA, ¥z, BEMEE: TH, WIEBA, 948842698@qq.com



e 42 -

BRI YRS ERH SR E R, H
Al IRV EY & BRI A B EE, (i 4
P R R U K (Cr) S — A E S Tl R
B N TR A HREE DY SE L. B, Cr
PN B E AR, 4 E PR E T LA S

1 2550 ™ Wi Tl R K HER AT K
L BEH R Y Cr 3 SRR B A, BERAR AN
J1, 5 S-SR s ks , BB 5,

HHr, Cr V54 L epy a8 ik E LY g
Sk AAEE R B ) s s vk
B4k e B AR ROR G, & TIE G
YrermAE B SR X, e I Sea R, &
T )2 R Hois Je e e ) 48, ] B2 18 i it A
&, DIRANH FIRBE R B0 BEZ SR 1. fheig
SRS R E AT, IR AR T 2B R
Z%, THIK Hoils T AR . food Ay vl LAk s 1- 458
W PR, FEIRE SR AR A, H
FRRAT AR IR 4 R S bR B, AV Rk
WHEP R  UEWE R . AYME 3 i AN (R
RO AAE X 439875 Y X3 15 G b A T 181 5 | B
KB E L Em TG L1, (A 2508 5 By E K%
12 B LN EEYER R AME RS, Ak
MK R, A A ks g, (B
PR 55 & B RIME | T AR | TRIFI G A A PRI R
e 4y ] A

SRV X T =W A 2 (RN = A e

H & SRR B AEY e, B T FLIE T | BE A
KA HHL G| ) S AETTTE S E e TS e, BRI
P ESENARCS SR, IR 48 X AR
FEEME AU TR AR MRS ARGE A A
Cr MEEfbEE R BB 7). it SRR vt
MM, MCEMIRA: Y % BE SR A 3y i+
fedk Cr(VD) & JR7 R Cr(I) , M FRAR % /Y A 9 7
PEM. T 5 i U SRR R B R A ) RE S 1 ok
T Cr 3SR AT HE A | AT a8 R A ) T 4R 4k
B FRIEAEAL, IR T Cr iR B faR
FH LT 2 R 2 BNk FeS AR LE Y i vl LI
WS TR IR EE 45 AW Cr $eAb k-4 Ak
EED AN EE FRES Cr, IWm R
Cr(VD) i@ BAN, t Wy b & A7 5 A B
YA TG P A 4y, REMS A Rk LI FL bR
b, SR E A SR (B TR B R
[T RN, A=) AE Jiti PRI AT RE 2 8 - e )

AEHEAREEE H38E FH1

TR, SRR AR A HLA — s SR TET RO, L B A TR
HERS IXFh 101 RIS, 22 AR L 5 A ARt mT 7
B b o s,

i v s B IS R S AR P ORI P, R AR ]
ik 300 J7 ol s HAT R SRR A LR
F & SR I Y R S R Y
H, B e fr " B, vk s
T 25 e A A5 T A RO S KR P P E 4R Cr,
W BfH 3k 236.81 mg/g. SR, AT BT A W e K Il
AP A LA AR EXT Cr 155 -3 IE R AL
RMAEE.

A SO B A ok | TH S SR B | AR
B AR + B Cr {54133, X s 20k
FEMELAE A ME 400 T 03 M & gl i A K
&L, BRI FLR R Cr 538 a5 52 SRt p
TSI AR SCHE.

1 HESHE

1.1 LM

Bt s, L P X Ml A BR A W] 5 Sl AR 4L
B i R | A o S R /AN T N 0
i — S . BUBR B RN T B SRR, i KR
HAE R A BR 2 wl 4. S2 50 7] KoCr05 |
NaOH . H,SOy . ZnCl, 235 143 B4t 5]

S i ol G & N E L) T 3 ST e e
(39°4'44"N, 117°41'43"E) 32 (0 ~ 20 cm) +- 4. 5
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Tab.1 Effects of different treatment agents on physicochemical properties of soil

2051 pH ARAE (mgkg ™) Fw (mgkg ) R/ (mg-kg™") SAPURR/%
Control 7.79 £ 0.06* 80.90 + 2.86° 7533 = 1.02° 223.69 + 5.87° 5.10 £ 0.09°
VB 7.30 £0.04° 82.79 2.34° 73.34 % 0.94° 281.05 +3.84° 8.18 +0.09°
CM 7.62 +0.03° 123.38 +3.24° 73.07 = 1.31° 279.88 + 4.26° 5.63 £0.09°
BF 7.83 £0.07° 123.27 £2.98° 94.71 +2.08" 554.59 +4.37° 5.29+0.10°
VB-BF 7.65 +0.04° 205.72 +2.45° 130.54 + 0.45° 706.47 +7.75° 9.70 +0.13°
VB 4 A AR MBS Control A0 AR & St —2B4 T, 430 X BRAL 1Y 2.54 4%
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Fig.1 Effects of different treatment agents on soil enzyme activity
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Fig. 2 Effects of different treatment agents on chromium
fraction in soil
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Fig. 3 Correlation analysis among various soil indexes
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Fig. 4 Comparison of amaranth germination in soil under different treatments
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Fig.5 Dose effect relationship between amaranth ger-
mination rate and VB-BF ratio
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Tab.2 Dry weight of amaranth seedlings

ZH 5 T/
Control 0.048 0 = 0.004 5¢
CM 0.108 3 + 0.004 4°
VB 0.168 3 +0.006 6°
BF 0.059 6 + 0.005 0°
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Tab.3 Correlation analysis between dry weight of ama-
ranth seedlings and various soil indicators

Eiztan r ity r
ARUA -0.22 Jhx it -0.07
AR -0.30 TENH 0.18
HRwE -0.51 SRR AT Cr -0.63
B 0.94 AR5 Cr 0.01

pH -0.98 AL Cr 0
i A AL E R 0.93 FRIEZL Cr 0.28

3 & it

(1) SRR AT HEHGES Cr 7E 4P RE B rERAEY)
AR, X - BRI B G FE TIPS Cr
it I A ) e RE A I 4 T o A b S v M O 22
fife IR, A2 E Cr MBEALAREE , FRKES MR T HEHL
A Cr i, HEMFRAK Cr XF 0838 B i 2500

(2) B A=W hic e & B R I 2L RE, K H:
it hn 2 4 e rh 2 i R R R B A LR S . A
ML & e T e SR R A , S AR 0 7 A0l
FERE T, B8 RO A A AL SRS . AL S
EER T E S gt Cr WAL, TR RS P
(1) T+ w5 BE i — 2P KSR AIG 28, I ehosts - S A 57 0 B
fb. B, VB AR08 gh i K i, T s
Control Z11#) 3.5 fi5.

(3) Tt s A= ) o fie 0 15 hn it FH 6 A 5 388G 2K
R AR AR A, (H S RSO R T
SR . Y A e B N AL, ek 3
JEEH 2 VB-BF 4114 25% , W3R AY A 2% 0] ik
85% . BT ML ALt BB A% 70 S AR XTI AK
T R M EEA -, 9 N Rhit FH £, BAT 5530 4.
I, STl Ak 5 FERE A I i e AR HU R R 22 1Y)
5 Jr 1.



2023 4£2 J AL, A5 AR IR S RIS K R <47 -
) char for soil applications-sustainability aspects , chal-
Sk

(1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

A, B, BT, 23 T/ (2
(Cr) 1 5% W) B 500 455 BB 9% (T1. A4l L 2 4
2018,49 (1) :244-250.

IRBEAR P, B RS, Al S YR A
iz [EB/OL]. [2022-03-17].
site1/20140417/782bcb88840814bal58d01.pdf.

EIRA, BE, ING, S X Ze A W i RAE T HE XK
I+ AR AT AAE SRR (7], ARl TR 2441, 2019,
35(13) :225-233.

SHARMA A,KAPOOR D, WANG J F, et al. Chromium
bioaccumulation and its impacts on plants: an over-
view [J]. Plants, 2020, 9(1) : 100.

LIU L H, LIU X, WANG D Q, et al. Removal and reduc-

1S4
w

http://www.gov.cn/foot/

tion of Cr(VI)in simulated wastewater using magnetic
biochar prepared by co-pyrolysis of nano-zero-valent iron
and sewage sludge[J]. Journal of cleaner production,
2020,257:120562.

WIES. Vit o 4 o AR SRR Cr iRl
HEBHAID]. B FdbRMEHL A, 2010.
GUO X F,JI Q,RIZWAN M, et al. Effects of biochar
and foliar application of selenium on the uptake and sub-
cellular distribution of chromium in Ipomoea aquatica in
chromium-polluted soils[J]. Ecotoxicology and envir-
onmental safety, 2020,206: 111184.

fIRIYL, RS, 5Kk, &5 RSB ITMEE
ARO[, %4 5B TR, 2020, 27(3)
126-132.

SRS, SR, R e, 55, ER R LI R
ARBHAIFEHTET]. BRI EREE, 2021 (5) : 78-79.
FRR, TR, R, A AW Rt R HEAE ) 5 PR T
7 (052 I AL KU A (1], Al 24, 2015,
31(4) :248-257.

o Bl R AR S AR 5138 nZ VI X
g Cr (VD MR 2705 0], FREIR 2244, 2017,
37(12) : 4715-4723.

FAAR, PUNER, BRRHE, 55, IS IRIEE Y T 1
t Cr HBEAL S AE AP 230 (. A5 T2, 2021,
39(5) : 178-183.

LYU H,ZHAO H, TANG J,et al. Immobilization of

1S4
w

hexavalent chromium in contaminated soils using biochar
supported nanoscale iron sulfide composite [J]. Chemos-
phere, 2018, 194:360-369.

KAMALI M, SWEYGERS N, AL-SALEM S, et al. Bio-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

lenges and future prospects[J]. Chemical engineering
journal, 2022,428:131189.

SCHMIDT H P, KAMMANN C, NIGGLI C, et al. Bio-
char and biochar-compost as soil amendments to a vine-
yard soil:influences on plant growth, nutrient uptake,
plant health and grape quality[J]. Agriculture ,
ecosystems & environment, 2014, 191: 117-123.

WEN H L, WACHEMO A C,ZHANG L,et al. A novel
strategy for efficient anaerobic co-digestion based on the
pretreatment of corn stover with fresh vinegar residue[J].
Bioresource technology,2019,288:121412.

LI Y X,PEI G P,QIAO X L, et al. Remediation of cad-
mium contaminated water and soil using vinegar residue
biochar[J]. Environmental science and pollution research
international, 2018,25 (16) : 15754-15764.

DING K L,ZHOU X Y,HADIATULLAH H, et al. Re-
moval performance and mechanisms of toxic hexavalent
chromium [Cr (V) Jwith ZnCl, enhanced acidic vinegar
residue biochar[J]. Journal of hazardous materials ,
2021,420:126551.

rhAe N RN E AR SRS, AT B
B VB R EOISE SO R T IR LR HY 491—
2019[S]. dbmt: HrEARAEH iRk, 2019.

e NRILANE LR, IR 25 7 34> 138 h
BRI : NY/T 1121.7—2014[S]. db5t: s ERiE
A, 2014,

AL AW e FNHENE X o 46 s 15 e 3B 6 B A Ak
P AL PE BT AN S A A2 (D], K vb: WAl R
2#,2020.

PO, Tk =k, 3L, A PR SR U Tk Y
HA V] WS AR, 2014 (6) : 25-26.

KANT. MR K ATk M. bRt Aol h it
1986.

BRTNICKY M, DATTA R, HOLATKO J, et al. A critical

IS
w

review of the possible adverse effects of biochar in the

soil environment[J]. Science of the total environment,

2021,796: 148756.

ZHANG X, QU J, LI H, et al. Biochar addition combined

with daily fertigation improves overall soil quality and

enhances water-fertilizer productivity of cucumber in al-

kaline soils of a semi-arid region[J]. Geoderma, 2020,

363:114170.

BIYC,CAISY,WANGY, et al. Assessing the viability
(F4:% 54 T)



+ 54 -

[12]

[13]

[14]

wave pre-drying and explosion puffing drying induced
cell wall polysaccharide modification on physicochem-
ical properties, texture,, microstructure and rehydration of
pitaya fruit chips[J]. LWT, 2016, 70:271-279.

PULE S N T S S N G R RS0 B BEATY %
WL R 55 PAAE 25 e R G dh SR S R (0], R 2y,
2019,50(23) : 5714-5723.

XUHL,ZHAO Y, WU X Y, et al. Quick assessment of
the potato chip crispness using the mechanical-acoustic
measurement method[J]. International journal of food
engineering, 2020, 16 (12) : 20200135-1-20200135-8.
MONTEIRO R L,LINK J V, TRIBUZI G,et al. Effect

of multi-flash drying and microwave vacuum drying on

[15]

[16]

[17]

AEHEAREEE H38E FH1

the microstructure and texture of pumpkin slices[J].
LWT,2018,96:612-619.
LAMMERSKITTEN A, WIKTOR A, MYKHAILYK V,
et al. Pulsed electric field pre-treatment improves micro-
structure and crunchiness of freeze-dried plant materials:
case of strawberry [J]. LWT, 2020, 134: 110266.
XGRS, EHERG, A2, A5 ORI X O £k 2
Bk wOU 45 48 B BT R e L], R AR kA, 2020,
41(11) : 113-120.
BRI, WA, RSTH, L IGIRIMME S R TR
B e v R L], B AR, 2017, 38(22) £ 192-
199.

RERE: A2 E

(L% 47 W)

[27]

[28]

[29]

[30]

[31]

of soil successive straw biochar amendment based on a
five-year column trial with six different soils: views from
crop production, carbon sequestration and net ecosystem
economic benefits[J]. Journal of environmental man-
agement, 2019,245:173-186.

BABU Y J,NAYAK D R,ADHYA T K. Potassium ap-
plication reduces methane emission from a flooded field
planted to rice[J]. Biology and fertility of soils, 2005,
42(6) : 532-541.

YANG R, WANG J H,ZHU L S, et al. Effects of interac-
tion between enrofloxacin and copper on soil enzyme ac-
tivity and evaluation of comprehensive toxicity[J].
Chemosphere, 2021, 268: 129208.

VILAR R P, IKUMA K. Adsorption of urease as part of a
complex protein mixture onto soil and its implications for
enzymatic activity[J]. Biochemical engineering journal,
2021, 171:108026.

LI D Q,LAI C H,LI Y T,et al. Biochar improves Cd-
contaminated soil and lowers Cd accumulation in Chi-
nese flowering cabbage (Brassica parachinensis L.) [J].
Soil and tillage research,2021,213:105085.

MUNIR M A M, YOUSAF B,ALI M U, et al. In situ
synthesis of micro-plastics embedded sewage-sludge co-
pyrolyzed biochar: implications for the remediation of Cr

and Pb availability and enzymatic activities from the con-

[32]

[33]

[34]

[35]

[36]

[37]

taminated soil[J]. Journal of cleaner production, 2021,
302:127005.
REIJONEN I, HARTIKAINEN H. Oxidation mecha-
nisms and chemical bioavailability of chromium in agri-
cultural soil-pH as the master variable[J]. Applied geo-
chemistry, 2016, 74 : 84-93.
SAMBORSKA A, STEPNIEWSKA Z, STEPNIEWSKI
W. Influence of different oxidation states of chromium
(VI, ) on soil urease activity[J]. Geoderma, 2004,
122:317-322.
ZHANG X P, GAI X,ZHONG Z K, et al. Understanding
variations in soil properties and microbial communities in
bamboo plantation soils along a chromium pollution gra-
dient[J]. Ecotoxicology and environmental safety, 2021,
222:112507.
PAN W L,MADSEN I J,BOLTON R P, et al. Ammo-
nia/ammonium toxicity root symptoms induced by inor-
ganic and organic fertilizers and placement[J]. Agron-
omy journal, 2016, 108 (6) : 2485-2492.
MIm, XA, B, 45 A ALICHL IR AL it X
P KRS R IR SRS MR S )], R TR
SRR , 2021, 27 (4) £ 619-629.
POER, BUR, AT, 5. BRSSO IR |
B S 77 B AR S RO AT T (1], wh [ g IR R,
2018(1) :101-107.

RIEHRIE: AR 4T



