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Effects of biochar on the adsorption and degradation of clothianidin in soil

SHAO Yi—fei', ZHANG Peng?, LIU Ai—ju™

(1.School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China; 2.College of Environ-
mental Science and Engineering, Nankai University, Tianjin 300350, China; 3.School of Resources and Environmental Engineering, Shan-
dong University of Technology, Zibo 255000, China)

Abstract: In the present study, the effects of biochar on the soil properties and adsorption—degradation of clothianidin in black soil were ex-
plored. The biochar was obtained by pyrolyzing maize straw and pig manure at 300, 500, and 700 °C. The results indicated that the pH,
available P, and organic carbon of the biochar—soil mixtures were all significantly increased, while H/C decreased. The Freundlich isotherm
was suitable for describing the clothianidin adsorption to soil and biochar—soil mixtures. Biochar addition significantly increased the ad-
sorption of clothianidin, with a stronger effect at higher pyrolyzing temperature (PT). Biochar generally promoted an increase in the degra-
dation rate of clothianidin in biochar—soil mixtures. The biochar amendments obtained at a high—PT inhabited the biodegradation of
clothianidin, whilst the low=PT biochar promoted the biodegradation of clothianidin. Therefore, the type and properties of biochar should be
considered during soil pesticide remediation.
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Table 1 Physicochemical properties of clothianidin
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Note: K, data are taken from the PubChem datebase of Biotechnology Information (NCBI) ; K,. Organic carbon adsorption coefficient; pK. acidity

coefficient.
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Table 2 Physicochemical properties of the different biochars®"

i Samples MB3 MBS MB7 PB3  PBS  PB7

pH 7.08 8.60  9.06 7.16 754 8.30
C/% 61.6 66.7 64.7 39.1 30.3 34.8
H/% 4.2 2.6 1.3 3.4 1.3 0.66
H/C 0.820 0.460 0.240 1.03 0.500 0.230
N/% L5 1.4 1.1 3.1 2.2 1.6
H R T Surface  6.33 12.5 151 6.44 1.2 492
area/m’+ ¢!

2.2 AR 0 R AR 7 1 3% R IRCB A 2 i
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Table 3 Physicochemical properties of the biochar—soil mixtures

FEfh Samples BS MB3+BS MB5+BS MB7+BS PB3+BS PB5+BS PB7+BS

pH 7.20 7.52 7.68 7.86 7.58 7.59 7.71
A A BB Dissolved organic carbon/mg- L™ 28.50 38.26 35.59 27.79 31.03 24.09 21.99
HRFS A Available nitrogen/mg - kg™ 279.0 269.5 248.6 248.6 282.1 261.6 253.3
A7 %A Available phosphorus/mg - kg™ 52.20 200.8 189.8 181.7 203.7 275.1 145.6
C/% 2.91 4.08 4.19 4.14 3.63 3.46 3.55

H/% 0.37 0.44 0.37 0.32 0.39 0.39 0.31
H/C 1.53 1.44 1.17 1.11 1.13 1.08 0.970

N/% 0.12 0.45 0.42 0.39 0.43 0.39 0.38

H K i FH Surface area/m®+g”! 153 15.1 15.2 18.0 15.1 15.2 16.0
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Table 4 Freundlich isotherm parameters and concentration—

dependent distribution coefficients for the sorption of clothianidin

on biochar, soil, and biochar—soil mixtures

BE Freundlich #1524k K Ky
Samples n K R C.=0.05 (€.=0.05

MB3  0.832+0.039  188.0£12.2  0.974 211.0

MB5  0.348+0.020  1230+68.3  0.993 1930

MB7  0.159+0.011  4460+84.5  0.963 7990

PB3  0.842+0.027  50.00+2.31  0.991 55.80

PB5  0.556+0.033  330.0£21.0  0.999 449.0

PB7  0.424+0.020  2090+132 0.991 3120

BS 0.853+0.041  3.390+0.230  0.999 3.750
MB3+BS 0.744+0.036  7.040+0.401  0.984 1520 1140
MB5+BS 0.583+0.027  13.80+0.692  0.995 48.00  178.0
MB7+BS 0.419+0.026  60.90+3.29  0.915 347.0 1120
PB3+BS  1.04£0.085  2.020+0.272  0.984 1.810  6.750
PB5+BS  0.686x0.023  6.910+0.261  0.960 1770 30.10
PB7+BS 0.333x0.041  42.00+3.53  0.899 310.0  358.0

K (mg-kg™) + (mg« L) ™28 W B35 550 Ko (L kg™ ) ARG 24 20

Ki=C./C.(C=0.05 mg- L") 3H5, Hrh, CA C. A3 51| 373 - Al o] 15 e Ji
) VA R R K 8] S 7 T - 9 6 i e W B S, mg - L RO (K 28
/L\\It Ky’ :J{““K"-\"“ +.ﬁ'iwlmrK‘l. biochar ﬁ'%m* 5 ;EE':P K. wll*ﬂKl,lum )mﬁﬁuﬁﬂf\‘
I A W % AW S 5255 ot 1 fioene 2715 1 S W) 58 0 IAE IR A
R Z T G R B L

Notes: K{(mg - kg™") - (mg+ L") ™ indicates the adsorption constant;
Ki(L-kg™") is calculated according to the formula: Ky = C./C. (€.=0.05
mg - L"). Where C. and C, represent the equilibrium concentrations and

equilibrium amount of clothianidin in the liquid phase, respectively; K, is
calculated by the formula: Ki" = fui Kot + frioehar Kasiorar. Where Ko and
K s represent the adsorption of soil and biochar, respectively, and f.
and fiiaw represent the mass ratio of soil and biochar in biochar —soil
mixtures , respectively.

120 1,
> O MB3+BS
I @ MB5+BS
90 - A MB7+BS
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ap O PB5+BS
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E 60 > BS
S
30
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0 5 10 15
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Figure 1 Adsorption isotherms of clothianidin on biochar, soil, and biochar—soil mixtures



R 5 <1 0 B W 0 P BB e 2525

FP T 9 P fE R AR AR R o KR 3 S A 4 i o
S v g v e Ak 2 B AR R SRR T A TR 9 I A= )
BT 3 v g R IR W R A S e B — B
A=) e — - HEIR A R Z e HUE 60 d 1 I A 45 SR L
5. GEALERML USINAS [ 2 Y 1 25 0 Joe Xof - 8 v g
HOR AR R AN R 7B KR A5 E T BE HUIZ 60 d 1Y
ok i 3 3 RS [k I 17 221 2 : PB7>MB7~PB5~MB5~
BS~PB3>MB3; 7£ A K 4514 T , ME HUHE 60 d 11 [ fi
R AL B R ¥ A  PB7>PBS>MB7>MB5>PB3~
BS~MB3, Mg H1 iz 75 2K T8 A KB Ak B b (1 85 2 B8
PRk A PBT- R AGIA R . CA IR,
AR 1 3 R A R S A A AR 5 R L pH B A
IR O3 B A P L AR B IGE L AR % P PG LN
3R 3 A W R 90~175 d, HLREff R Bl &
- A LR RN 7K 435 R 3 R R o o T M R A
AFFE R A AR 15.7~76.7 d, iX & T AT
JT R FH ) B - A A v A ML R K 43 1% Al
T EH R . I AD, Zhang SEOIF Y A Wk X6} BT
A =R AR A B, 3 pH T R
T PR oy AT 4 B R0 - OH B Hofth el 31
FEAE TR AR 2 AL 2R R A . ASBIF Yt R R
e T v R A2 0 e — = HETR A R FR b HLA AR A e 1
b2 Bk 30 (32 5) , U0 M o T 26 0 e A 1 R e b
2P AR R AR IR AR R R . SR, e
R TR A K T 3 1) ok R A i R 3 2
TR EHE(FRS) XU B AR A K B 1) - e B A

b2 B i XA AEUE PR A . 3 5 R AR 77 SESE 5T
W9t JHi 7 O TR RN A KT 1R 2K e v o) A e 5 R e —
.

AR BIF 5T 4 K TR 5 A TR A A 5 v g E g o i o
B 22 (BLIIT AL R B2 9 e A B4 TR, 60 d AS [] Ach B A e
A W ek g U I RS B R LI 2. FEA W e S A
BCATR G 1A 22 Hh e A A AR A 1) B B o3 35 i P
VN I A= ) e AR A TR B T R S N B A #, H MBT I
PB7 75 Jii1 A 3w e e (1 B A 0 I Aol o e I T
XL X R PRI A P o BE S AIE 1 R A W e At
o T A A AN A R i

Ren 25 K& BUA ALV Ye oy 1+ HE 4 A 55 - 28 Y
FFHOCTAE MR I AR A 6, H2T I R F0% A= 9
VR T BR G T A ALY e ) A R FRD O A
WA S AL AT DLkt A e R R R AN U A P B
A i K RE 190, I8 RESR THI A YR VE 25 A 1Y
Rt o Pk R HL AR 5 B, F I R R A AR e
el FEARBEGE Y, 5 T AR AR W M L AR TR
AW TN TINASAS RE A A0 10 R 0 Ak 2 R i, 38 T 2
TR A W R A (TR 2) o 3 S DR ORI A 4 o
Fl e A= 0 1 R % R i BT 22 1) R A ML A
RS EBE . tnT 0, ARk (8 2 R ol As 131 5
FEAK-, PRI 00 4 38 o - S A W A BEE S5 R, DT
U T Gy AR R A R R R T A
PR fife R 55 AT A DR AT B 2 A IE A DG OC &R (r=
0.606,P<0.01) , W47 M BIE T LA AR 258 .

RS BHERRETEMEYR-TREESEKFR D60 dHIFERE

Table 5 Degradation of clothianidin in soils and biochar—soil mixtures during 60 days

F i Samples [ fif 38K k Degradation rate/d™! R tin/d 5% Removal rate/%

BS Sterilized 0.012 8+0.002 0 0.967 54.1 54.7+1.62d
Non-sterilized 0.019 3+0.001 6 0.977 35.9 67.1+1.93¢

MB3+BS Sterilized 0.009 0+£0.001 5 0.872 76.7 38.7+1.24e
Non-sterilized 0.020 3+0.001 6 0.979 34.1 66.6+0.58¢

MB5+BS Sterilized 0.013 9+0.000 9 0.984 49.9 55.6+1.27d
Non-sterilized 0.021 6+0.002 3 0.961 32.0 68.5+1.66bc

MB7+BS Sterilized 0.015 2+0.001 3 0.970 45.5 57.5+1.65d
Non-sterilized 0.021 8+0.001 3 0.988 31.8 71.7+£1.79b

PB3+BS Sterilized 0.012 1+£0.000 9 0.975 57.3 54.5+1.97d
Non-sterilized 0.023 6+0.004 0 0.908 29.4 67.6+1.26hc

PB5+BS Sterilized 0.014 0+0.000 4 0.996 49.4 56.4+1.72d
Non-sterilized 0.019 8+0.000 9 0.992 35.0 68.4+1.14bc

PB7+BS Sterilized 0.027 0+£0.002 5 0.977 25.7 85.5+0.63a
Non-sterilized 0.044 1+£0.007 0 0.950 15.7 95.4+0.50a

1 Rl — 3 = B [R) 2R 25 R 835 (P>0.05) .

Note: The same letters in a column indicate no significant differences at P>0.05 levels.
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Figure 2 Biotic removal rates of clothianidin in soils and

biochar—soil mixtures at day 60
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