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Effects of crayfish shell biochar on remediation of Cd—As contaminated soil and soil dissolved organic carbon
SUN Tao'?, SUN Yuehing, JIA Hongtao'', WU Zeying’

(1. College of Grassland and Environment Sciences, Xinjiang Agricultural University, Urumqi 830052, China; 2. Key Laboratory of
Original Agro—Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs/Tianjin Key Laboratory of Agro—
Environment and Agro—Product Safety, Agro—Environmental Protection Institute, Minisiry of Agriculture and Rural Affairs, Tianjin
300191, China; 3. Rural Energy and Environment Agency, Ministry of Agriculture and Rural affairs, Beijing 100125, China)

Abstract: This study aimed to explore the remediation effect and mechanism of crayfish shell biochar (CSBC) on cadmium (Cd) — and
arsenic (As) — combined contaminated soils. More precisely, the soil incubation experiment was conducted to investigate that the effect of
biochar prepared from crayfish shell by anaerobic pyrolysis with different dosages (0.5%, 1% and 3%) on soil physicochemical properties,
the availability and fraction of Cd and As, and the content of dissolved organic matter in acidic soil in Guangdong and alkaline soil in

Xinjiang. The results showed that CSBC application significantly increased the pH value and the contents of organic carbon, alkali—
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hydrolyzable nitrogen, ammonium nitrogen, nitrate nitrogen, available phosphorus and potassium, and total nitrogen and phosphorus in soils
(P<0.05). The CSBC treatments at dosages of 0.5%~3% in the acidic soil could increase the content of available As by 11.64%~24.53%
compared to the control groups (CK), whereas it decreased the amount of available Cd by 15.76%~26.50% in acidic soils. The
concentration of available As and Cd in alkaline soil significantly decreased (P<0.05) by 3.51%~8.12% and 4.43%~28.90%, respectively,

compared with CK. The fraction of calcium—bound As was increased after applying CSBC and the fractionation of exchange Cd was

converted to residue fraction. Compared with the CK, CSBC increased the concentration of soil dissolved organic carbon by 255.57% and
111.65% in acidic and alkaline soils, respectively. Moreover, the characteristic absorption of soil dissolved organic matter in the ultraviolet
region and the dissolved organic matter aromaticity were enhanced. In summary, CSBC is a green and sustainable candidate with promising

application potential in Cd and As remediation in alkaline soil as it not only effectively reduces the availability of heavy metals in soil, but

also improves soil nutrient qualities.

Keywords: crayfish shell biochar; cadmium; arsenic; soil remediation; dissolved organic matter
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Table 1 Physicochemical property of the soil

e Fatk+3e gkt
Properties Acid soil  Alkaline soil
pH 474 7.81
4§ BB Organic carbon/(g-kg™) 13.82 18.00
B % Alkali-hydrolyzable nitrogen/(mg-kg™)  134.56 64.77
£ 75% Ammonium nitrogen/(mg-kg™) 94.11 27.99
fil§ 25 % Nitrate nitrogen/(mg-kg™) 80.56 113.79
AL Available phosphorus/(mg-kg™) 61.91 139.52
FALH Available potassium/(mg-kg™) 111.67 283.93
4% Tolal nitrogen/(g-kg™) 1.20 1.48
421 Total phosphorus/(g-kg™) 0.90 1.35
428 Total potassium/(g-kg™) 16.38 10.21
24 As Total arsenic/(mg-kg™) 198.39 910.15
J.Cd Total Cd/(mg-kg™) 0.58 1.90
31 es300

%5 Absorbance

0 . . ;
200 300 400 500 600
K Wavelength/nm
1 RS AWk AT A R AL B 225 AT L IR M e i
Figure 1 The UV-vis spectrum of DOM derived from crayfish
shell biochar
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Table 2 Calculation method of relevant indexes

F8F5 Indexes

115477 Calculation method

ATV A HLIK Soil dissolved organic carbon  Csnoc=VXCooo/M , ZUH : VARFARBUBIAT , mL; Cooc N AT MUK & i, mg- L s MR T -l i, g

(SDOC)
WK Z2 % Absorption coefficient (axs:)/m™
FeiE AL HE Spectral slope ratio(Sk)
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Sk=S175-205/S350-400, @ (A ):a()lD)XBXp[SX()\D—)L )] S IR @ (M) ST A B IR R

m ™5 A0 H S PR  nm
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0.31 /1547 .

N IR 56 A ) T R A% S 2 1 hn 39 R el 1k
- e ML A S R A AS R R AL
B AR AT R (P<0.05) , L 3EFR 00 & bl 2k
Y 5 U I (A 1 0 S B R RN . FERRE
- A AR 7 2 6 BE(SO) AH EL 3 N T 16.35%~
40.23%; HACE B S BN T 0.76%~
14.91% . 21.29%~364.04% H1 19.22%~139.72%; % 75
RS S &0 HE M T 20.91~162.09 mg ke Fl
19.31~25.35 mg- kg™ s A F A B SRR T
0.25~0.52.0.07~0.21 g kg™ F10.09~1.02 g - kg™, F 4
W B 4 > >

FERRPE b U INRSE AR YR BRI —E 1
T HEEAEAE AT, b R A PR S R S X IR (JO) A
HEHN T 9.79%~32.22% 5 SRR B VB 1 43 B3

T 34.15%~58.98% . 41.05%~172.82% Hl 9.44%~
34.32%; S A A AAH S A S & o A T 16.88~
164.36 mg-kg ' F113.44~28.66 mg-kg™; A A W 4
TR T 0.11~0.76,0.07~0.15 g- kg F10.31~
0.75 g kg s
22 AT EM KB LTECIASBERSHAESS
L
2.2.1 HHEARGS Cd F R SEE S i

TA SRR YE A Cd &M 0.58 mg-kg !, 1
AT RS Cd & 0.21 mg-kg ™', o5 B9 36.21%.
i v b AR A R Cd R 1.90 mg kg,
AT RS Cd & i 0 0.66 mg - kg™, 5 A R Y 34.74% .,
Jiti FF AR 7 26 W i B T 138 Cd A TS T, HL 3 Rk
A Cd & BE A 5 A8 it 3G I AR (B 2) o T
h10.5% 1% F13% W EF5ELE W eI, R Pk + 3 b A 2%
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Table 3 Effects of crayfish shell biochar on soil physicochemical property

e AR - . % 2R B &S
HbL W EER g R x o ﬁa
AbT . . Ammonium . . Available Available Total Total Total
pH Organic carbon/ Alkali-hydrolyzable . Nitrate nitrogen/ . . .
Treatments (o-ke!) nitrosen/(me-ke™!) nitrogen/ (me-ke™) phosphorus/ potassium/ nitrogen/  phosphorus/  potassium/
grke ¢ eke (mg-kg™) erke (mg-kg™") (mg-kg™") (gke™) (g-kg") (g-kg")
S0 4.74+0.09d  13.82+0.35¢ 134.56+2.23¢ 94.11+2.24d  80.56x2.91b  61.9120.50d  111.67+8.56d 1.20£0.09¢ 0.90£0.01¢ 16.38+0.69a
S0.5 6.29+0.01c  16.08+0.59b 135.58+2.28¢ 115.02£2.40c ~ 99.87+6.63a  75.09+0.86c  133.13£3.41c 1.45+0.03b 0.97+0.03b 16.47+0.68a
S1 7.18+0.05b  16.13+0.55b 143.91+3.89h 163.80£9.75h  102.55+7.32a 104.30+3.10b  238.87+8.32b  1.52+0.03b 0.99+0.01b 16.92+0.28a
S3 7.95+0.04a  19.38+0.47a 154.62+2.47a 256.20+7.41a  105.91+3.22a 287.29+3.10a  267.70+2.45a 1.72+¢0.05a 1.11x0.01a 17.40+1.27a
JO 7.81£0.02d  18.00+1.01¢ 64.77+2.85d 27.99+2.76d  113.79+4.42¢ 139.52+6.49d 283.93:10.63¢ 1.48+0.02d 1.35£0.04c  10.21x0.5a
J0.5 7.95+0.02¢  19.76+0.68b 86.89+2.80c 44.87+0.68¢  127.23£5.47b  196.79+8.65¢  310.73+5.31b  1.59+0.04c 1.42+0.03b 10.52+0.41a
J1 8.02+0.01b  20.17+0.53b 94.87+2.61b 71.73+4.57h  136.59+1.19a 224.57+3.10b 376.27+12.50a 1.74+0.07b 1.46+0.02ab 10.56+0.39a
13 8.12+0.01a  23.80+0.69a 102.97+2.47a 192.35£22.51a 142.45+3.88a 380.64+1.31a 381.37+10.10a 2.24+0.09a 1.50£0.0la 10.96+0.21a

VE S HJ 20 S F R TR L AN L ST ORI . AN TRNG TR A PR AR 2 25 25 5 (P<0.05)
Note: S and J represent acidic soil and alkaline soil , respectively, and the numbers after letter indicate the dosage of biochar. Different lowercase letters
indicate significance differences among treatments at the 0.05 level.
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Figure 2 Effects of crayfish shell biochar on available Cd concentration in soils
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Figure 3 Effects of crayfish shell biochar on fraction of Cd species distribution in soils
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Figure 4 Effects of crayfish shell biochar on available As concentration in soils
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Figure 7 Effects of crayfish shell biochar on the content of dissolved organic carbon in soils
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Figure 8 Effects of crayfish shell biochar on UV=vis spectrum of soil DOM and spectral parameters
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