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Effects of Biochar on Adsorption-Desorption and Migration of Antibiotics in Slope Farmland

of Purple Soil

REN Mei'?, TANG Xiangyu?, GENG Chunnii'", GUAN Zhuo?, LIU Chen?, XIAN Qingsong’

(1 School of Ecological Engineering, Shanghai Institute of Technology, Shanghai 201418, China; 2 Institute of Mountain
Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: Sulfadiazine, sulfadimethazine and fluorophenicol were taken as tested antibiotics, indoor batch experiments were
conducted to study the effects of different biochar addition (0, 2.145 and 28.65 kg/m*) followed by 3 a field ageing on the
adsorption and desorption of antibiotics in slope farmland of calcareous purple soil, meanwhile field plot (20 m long and 5 m
wide) experiment was conducted to study antibiotic transport in slope (6°) farmland with 2.145 kg/m? biochar surface application
and the biochar permeable reactive wall (40 cm in width and 40 cm in depth, with biochar content of 28.65 kg/m?) at plot bottom.
The results showed that biochar addition significantly enhanced the adsorption and immobilization of antibiotics in purple soil,
the isothermal adsorption and desorption fitted well with Freundlich equation. Sulfadiazine and sulfadimethazine exhibited
nonlinear adsorption with or without biochar addition, but biochar addition introduced a new nonlinear sorption mechanism for
florfenicol with the lowest K. Biochar surface application prevented more effectively the vertical leaching of antibiotics into the deep
soil, while biochar permeable reactive wall with a ditch-ridge top reduced more effectively antibiotic output loads in the surface runoff,
among of which, the lowest reduction was found for florfenicol with the smallest n-octanol/water partition coefficient.

Key words: Biochar; Surface application; Permeable reactive wall; Antibiotics; Transport; Purple soil
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Table 2 Basic properties of tested soils under different treatments

+-15 APk (g/kg) CEC(cmol/kg) pH
B0 6.5 6.0 7.52
Bl 35.6 9.1 7.89
B2 54.3 9.9 7.98

1.2 #tEFEERWM-E R IR

KR L 1 g:10 ml, FREL 1.0 g AT +F 30 ml
BT U 10 ml /Y 3 At FE(SD . SMT 5 FF)
TRA WG TN 10 mmol/L CaCly, 5 K K
0.1 g/L NaNy), SHibERWEMERN 05, 1, 5,
10, 20 mg/L, & 3 N EK, 7E#G. 25 °C. 180 r/min
ZM M EIRIRY 24 h KBS, 7E 4 000 r/min
MR B0 10 min, WIS, £ 0.22 pm PTEF
DERE S UE S, SR FH R ASORORH G i A 52 A MG T 2% 2 AT
IR T AE R R

W B S8 S, AREE AT AR, FESE A
BERE.OE TR IEWE, A 10 ml AEHAER

9 10 mmol/L CaClL, ¥, 7Ei#Et:. 25 °C. 180 r/min
ZAMFFHIRIR 24 h ik 2If#-FA5 5, 7E 4 000 r/min
T B0 10 min, WHRCETEW, £ 0.22 um PTEF
PENEIT RIS, SR R RBORA S - MG IR, 4y
BrUE W P A Rk
1.3 BsMAREIt 5 EN A%

FE 5 58/ DY Bk b B R AR L B A
F RIS AR A (BP /N X AR 10,30 .50 A1 100 ¢cm
TR B 2 238 A7 1 1385 W R #F 4% (Soilmoisture  Equip-
ment Co., FEHE), TG DB /N X HT /N X
WIS 10, 30, 50 Fl1 100 cm IRt 42 2 47 + 4
BEWCRFERS o /DX 10 cm Al 30 em IR AL
BEAEAT 2 KT (Tde, UMS, FEE)., KSR
K% Z Y5 (CR1000, Campbell Sci., 3£ ) H 3hic 5
FHOK WA, INXFLREA AW .
TR E /N X IS0 A A AR ikl . R
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Fig.1 Design and schematic of field slope farmland plot experiment
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T I (HPLC-MS-MS; 1260-6410B, Agilent, 3[H).
BT HEHL(FD-1A-50, b Ee B s e A BR 2
f]). pH it (SenslontMM150, &),

1.4.2 KFEHE R AG I Iy i = AL R 0
T 3 A B ARA: 2R AR R = O i -
SR AN 25 IR . 3 S AE SRR L Ry 25:75 I &
KRR . PERER 20 pl, P& 0.8 ml/min, FEiE 30
Co KABEDEBART: 0 ~ 7 min LAMNIE KN
270 nm, 7 ~ 11 min 55N WK Ry 224 nm. {7 T
[@]: SD A 3.5min, SMT 2} 5.3 min, FF & 9.5 min,
3 R A R RIS R 0.05 mg/L, ArifEfhLkiisk
PEYEH A 0.1 ~ 5 mg/L (R?=0.999).,

AR B0 LI SR A Y /K BE (2 0RE i 200 ml,
ERE ST RERAF AR FBUN T 200 m)id 0.45 pm B
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143 FRAREUCKINTE B RS RT
feJE, BRI 60 Hifi. FREX 1.00 g MR, T
A 30 ml B0 T, A 2.5 ml FHEEFI 2.5 ml EDTA-
Mec Ilvaine 2% ¥ (0.1 mol/L Na,EDTA + 0.1 mol/L
Na,HPO, + 0.06 mol/L ¥, pH = 4.00+0.05),
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BN LG 10 ming B RE 3 WG, sk Bz
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Bifl Jei 1) 2 B 55 B A/ 0 O 3000 T A5 7K A ) 4 BB A
W5 A I
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T Z MAAAER T T, W RUD; BRI R
FELI B FIESAEAE, B T 2c e 5 A Y ek
T S5 S (-CAHB) & (SMT) W FHHL L 5 Bl
FF EZ IR T, S S 2 2
A BRFATLE , G o) A 0 o e T R TV 40 43 1) 4 BC AV L T
RS2 5F = b T A W B HL R, A S R T ) 4T 4
T, FF WIS IEHLAT, 255 38 R A= W o ey 671 Hia
(R B, A5 R A R AR BAE T, B 2 ) —Fh e 22
W BAFBILER 2T,

http://soils.issas.ac.cn



982 + b 952 4%
—0—B() —o—BI] &=—B2
ol smT 401 sp ol FF
35F
8t 30+ 25¢
~ & 25+t L
2 6} g gn 20
) & o0t
\% E 20 %x) 15+
-4t ol 15t ~
Qi Qi 10+
5l 10+ |
nﬁ/g———G//E sl E/
0t of of
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
C, (mg/L) C. (mg/L) C, (mg/L)
(SMT: ffife —FSEmsng; SD: fiifikmsnE; FF: WR)E%, TH)
2 MHEERETRRAIE L 1%t pYZE R IR B 4F1E
Fig. 2 Isothermal adsorption characteristics of antibiotics in soils under different treatments
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Table 3 Parameters of Freundlich equations fitted isothermal adsorption-desorption of antibiotics in tested soils
Ptk 2 + 5 W2 Bk it Wt
Kags 1/n R K ges 1/n R
it i — FR e g g B0 0.87 0.25 0.990" 5.47 1.91 0.852"
(SMT) Bl 1.61 0.31 0.958" 5.48 1.93 0.955"
B2 2.82 0.43 0.972" 6.47 2.06 0.932"
it g % BO 1.47 0.49 0.939" 2.95 0.94 0929™
(SD) Bl 3.43 0.44 0.975" 3.68 1.09 0.953™
B2 6.68 0.60 0.994" 3.45 0.99 0.988"
FAEEHE BO 0.09 1.26 0.990" 3.92 1.05 0.985"
(FF) Bl 1.51 0.74 0.987" 3.52 1.10 0.990™
B2 6.26 0.55 0.992" 6.51 1.85 0.987"

i

X M8 R A - PR A 3R S R o e S TR R )
AR, RS L7 RIRHERMERAE . ABFSY
AR 3 T A 3R I I O DA R (X T
FMETERZE . DUFRERIE . RIPABREM ), S

* RINIK P<0.05 WK, **ERik P<0.01 BE KT,

http://soils.issas.ac.cn

M, X4 3 Fiiti 3, LI FF Al SD Mk
TR, RYEMRRRAE(1/n 290 DS, X T4
W3 R, DL B2 A B A g W RR R A AR
(Kraas T Kpaes FIZESAIXTEIN(E 3), HAEMELLI R



%5

FEIAE AW BB SRl 5% (0 v e A SR A A% B 5

983

i 1 40 Bl VR W B A P B dm o T PO R,
Wb BT A W I e it W B ) A 2R AR R RS
FERF AR R BG5S 5T T LA SR s A

2.2 AR IERA T TRk S ST

W AFAE R F2 I

FHOR AN RITHAKMFIEE , J2K 5 N B 1
FLBRRF K ARG S5, AR A XTS5 B bl 7™ It A o 2
A I 5 I B2 D e < L S N v 3 i N I R
JE(10 cm F1 30 cm) 38K S5 Bifi54 TR x F2 0 AR fb Bh 25
mE 4A IR (E w5 T 10 em REEK#IHK
ABIEH TAE).

REFRTAT , A2 R T /N X BFVEJZ 10 em TR EE AN
EBEZ 30 e TR 19 £33 /K #4530 cm F1-212 cm)
P T B/ NX (439 =711 cm A1 =733 cm), HiH
HEEZ it — 2 e AR Y R AR AR = T
HHEZ B3R SRR i A IEREE 2 S
KA R AR IR R S A7, A AT At

AT R B, I i AR Y okt fg

RCAMHI PG AL T R X oK i 2 K, i H R
K FETITLG 73 min(14:00))5, A4 55 i
/INDCFIRT HR/IN DX BFAE 2 5 AR BFE 2 - K 434 1] 1
T, BHE R e R T 45 R 2 bR (14:45) 4735 3 3
TFRAS o BRAEBHEZ M 5, AR 9 0o 1 it /N X+
HOK 3 e Rk 2R M AUIRAS (13:45; BIRE 46 5
58 min), 7 EIE/INXEGR (14:00), X IR/ X R
(16:00) T LAMEVS « 1Tl 24 47 50 A 7 35 A4 39— 5
FEFE (40 cm) FIIREE (40 cm) 2k 5 5¢ il 35 1% S 7 -+ Ji
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Fig. 4 Dynamics of soil water potentials and antibiotic concentrations in surface runoff for rain event on July 30, 2018
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MK MERR RR i 1y 57 (ng/m”)

2 Wmm) R sMmT SD FF
PO 10.6 0.20 1354.1 411.5 318.9
P1 3.4 0.07 361.1 288.3 282.5
P2 8.7 0.17 259.7 62.3 158.3
SD (1 POl F i

PUE 55
Bl i T
RN 14 ¢ - di 4

4 [1
0~10 10~20 20~30 30~40 40~50

BEEE (cm)

5 HEH X ETRRERSENFIEENSFIEGR S )

Fig. 5 Profile distributions of soil antibiotic contents in slope farmland plots under different treatments
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Fig.6 Profile distributions of antibiotic concentrations in soil pore
water in slope farmland plots under different treatments
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