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Effects of Biochar Application and Ageing on the Adsorption of Antibiotics in

Purple Soil
YIN Wen-min'*, GUAN Zhuo*, LIU Chen®, HE Yang’, YANG Fei'* , TANG Xiang-yu’

(1. Institute of Tropical Agriculture and Forestry, Hainan University, Haikou 570228, China; 2. Institute of Mountain Hazards and
Environment, Chinese Academy of Sciences and Ministry of Water Recources, Chengdu 610041, China; 3. Faculty of Geosciences and
Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract ; Effects of biochar application ( at rates of 0% , 1% , and 5% ) and field ageing (for 1 a) on the sorption of three antibiotics
(sulfadiazine, sulfamethazine, and florfenicol) were studied by batch equilibrium tests for a calcareous purple soil of sloping cropland,
which is widely distributed in hilly areas of the upper Yangtze River. A soil-water ratio of 1 g:1 mL, which was close to the actual field
soil water content condition, was adopted in the experiment, and comparisons were made to the commonly used ratio of 1 g:10 mL.
The results showed that adsorption isotherm data of the studied antibiotics were fitted well by the linear and Freundlich model, and the
free energy (AG") ranged from —0.39 to 11.53 kJ-mol ', thus indicating that the adsorption of the three antibiotics on the control
soils and biochar amended soils was mainly physical adsorption. Application of fresh biochar was found to markedly enhance the
adsorption of antibiotics, especially for sulfamethazine and florfenicol of low K values, while such an effect was strongly weakened
after ageing. The fluorescence peak response intensity of the adsorption equilibrium solution of the aged biochar amended soil was lower
than that of the fresh biochar amended soil, so the difference in adsorption performance between fresh and aged biochar amended soils
may have been due to the decrease of unstable and soluble organic matter in the latter’s biochar after aging.

Key words: biochar; antibiotics; purple soil; adsorption; ageing
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Table 1 ~ Physicochemical properties of three investigated antibiotics
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Table 2 Properties of biochar before and after ageing

WH Bt W) ok B R
pHY 10. 20 8.39
BET R M A/ m? g ~! 10. 04 29. 08
CEC/cmol -kg ™! 16. 63 17.48
ECY/mS-cm ™! 6.94 1.30
C/% 80. 18 75.91
N/% 1.53 1.73
0/% 16. 04 20.05
—C—C/—C—H/% 77 65
—C—0/% 17 22
—C=0/% 0 7
—COOH/% 6 6

1) W 1 g2 10 mL 04T 45

i 3 L BT A ) e R A A W e B 241
XPS G, AT e A X A i 35 i R BE A Y
SR, AL LLAMETE (1) 23 B R WL AR W R A
AT G 24 BRI . 464. 76 cm ™ Ab K

Si—O—Si f4E Rzl , ZILRTE 464. 76 cm ™' Ab[H)
W Wi B AR TR i e, U Ak S A Y e 3R T
HI& BET WA BTk 2. 1093.44 em ™' [T Ky
C—O MgaiRahig, toib rym i B 8w, Ui
WA 5 A9 ok 32T 9 C—O B & A I3 in.
3405. 67 cm ' A4 A B EESEL —OH {4 ik 2 0%
LG Ak F IR WAL 0 A B S 055, A BH 2B AR S A e 3 1T
) —OH #& A IrfEAK. SR, BT FTIR 27
AT A SR BR e, o 5 2E 0 i RN 2 Ak A= ) ik 7E FTIR
B PTEE L2E R AREHET . 5 FTIR 4
BrAa L, XPS St 1 5 a] 5 A% 3R 1 B e A 2 it
(FXF &) fF R, 4 C—C/C—H (284.9¢V) |
C—0(286.5 eV). C =0 (287.9 V) fil COOH
(289.4eV) (Kl 2). 2 nlHl, HEEML a5,
C—O Fl C =0 MAMHX F M 17% 3 InH] 29% ,
C—C/C—H [WHIXT &8 77% T3] 65% , M
C—C/C—H #E b ¢—O0 Fl ¢ =0. —LLE AWt
UM T AR L5 H 027 -0

B1 £¥xZARERREE LRSI IINEE
Fig. 1 FTIR spectra of the fresh and aged biochar samples

2.2 Bk R G SRR KA A

5 T A B A0 R 8 0 O TR A 2R i e
FRL A 3 PR, 3 FEALLG TS 2800 73R
3R 4. GEREW, FEPFOK LT, s Xt 3
FT A 28 10 A5 TP R o L0 e A A R A AR | UL
FIEZEL R 7E 0. 908 ~0.990 Z[A], H56 R Bk
F R EKF-(P<0.05), BIUEHT 3 Fhdid: RAE
A B R R 3 R A B AT Rl
+%F 3 B Z AW Rt AT AR DR B HEA T
ik, PIAMIEMELE 0. 85 ~0.989 Z[8], 15 HH jifi 5
X 3 P A R A R A 2 B 3 A R A R L
WL RE, AW i Z AL T B AR 2 R
—E R Freundlich BLEIH 1) 1/n 0] HIR R
ST SR R e g, LA R | i e R g
BEFFRARJE B e K (1 g2 1 mL) 8548 F Ay
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Fig. 2 XPS spectra of the fresh (FBC) and aged (ABC) biochar samples
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Table 3 Fitted model parameters for isothermal adsorption data of antibiotics in soils at a high soil to water ratio (1 g:1 mL)

WiH - HEk 2R PR R Freundlich A7 Dubinin-Radushkevich £ %
K, R? K; 1/n R? Q. Ky R
popil-n 1. 14 0.881* 2.11 1.96 0.970 ** 3.98 0.13 0. 808
1% i fif it 7+ 9.30 0.932* 12. 65 1.63 0.993*  23.51 0.13 0.952*
i i e 5% B it ke 1 14. 62 0.935* 18.35 1.67 0.997*  29.17 0.09 0.937*
1% Ak ¢ 1 6.25 0.928 ** 9.17 1.69 0.984 16. 54 0.11 0. 864
5% Akt % + 10. 11 0. 908 ** 14.13 1.77 0.987*  23.37 0.09 0.939*
Xf A - 2.10 0. 990 ** 2.50 1.21 0.998 ** 7.61 0.34 0.911
1% #rfsf st e + 20. 36 0.956 ™  21.69 1.49 0.998 **  30.27 0.08 0. 964
it e — R e 5% it it o + 35.29 0.956™  33.06 1.51 0.998*  36.24 0.05 0. 964
1% Akt ¢ 1 15.05 0. 969 ** 16.73 1.41 0.998 "  26.40 0.10 0.932
5% Akt % 1 37.76 0.957 " 34.82 1.49 0.997 ** 37.07 0.05 0.967 *
X R+ 0.87 0.987 ** 0.75 0. 89 0.982** 4.72 0.90 0.909
1% #rfif it 7% + 18.58 0.974*  20.13 1.37 0.999*  31.83 0.10 0.954
W H 5% it it o + 34. 44 0.970*  33.29 1.40 0.999 **  39.59 0.06 0. 960
1% Akt + 8.13 0.978 ** 9.77 1.34 0.999*  21.20 0.19 0.924
5% EAbti e 1 20. 17 0.965*  21.82 1.43 0.999*  32.17 0.09 0. 950

1) # = FARWBEKLE(P<0.01), * FRBEKFE(P<0.05), T

PSR EE 1/n 23 WIAE 1.63 ~1.96, 1.21 ~ 1.51 FlI
0.89 ~1.43 Z[i], ZEME/KEIL(1 g: 10 mL) &4/
W BFSREE 1/n 4> SIAE 0.80 ~1.66, 1.21 ~1.55 Al
1.10 ~1.62 Z [0, 3 FidiERAER LK (1 g1
mL) Z504 R AT BEHLE S K (1 g2 10 mL) 2%
A 2 5, (ER R A -3 ) 1/n
KF 1, FIAER X 3 Fhin Ak 2 09 b £k oh
“SHEIT UL 3 R R AN G O £ )2 07 f £
FHERmE Y AT LUE W, i 3 R E ik
BRFAIL 2 Z2 A AL i 2 R4 A 45 2R

FEFEE H B R AEE 5 LK (1 g2 1 mL)
AT, 3 FhbuAE R AEAS A A - 45 b i B A K
B R NT RKECH . 5% Hrltiti e + > 5% Z Akt
et > 1% i % + > 1% ZAiE % + > % ig +
(Bt e — F LW EAE 5% Bt itk + 5 5% &1k
i st PR K, EAS) . AWk Bt T RE S R
e SR 0 X 3 R A R AR, RS IR DL K (E

BNl e — R R g 5 UK e R, A it
L A5k 3 D0 g 0 B, A 0 i s i FH B Xof
PiA: R B i B AR AR, T AR X RS o
W RS A T B S8 i 553

S H MK LK (1 g2 10 mL) &4 F,
Tt BT AE R R i Q, R R 7 i A K
INTFR K HE A N ZE L. R e | e —
FEMENE DL K SRR JE 25 78 AN [ Ak 5k - 498 v g 6 5K
Ky B RN 53508 5% 2kt + > 1% &
felitise t > 5% FEEiti + > 1% izt > %R
+, 5% ZAH R 1 > 5% Bt s+ > 1% ZAit
et~ 1% Btz + > X+ 5% gritiax + >
1% Hrfetiti e+ > 5% ZAhtix + > 1% EAbht s+
> XFRE . AR it X K, R4 R A s i i e Y
W B B4R s VR T A58, Gao 252 OMIFSY R R,
FehiAE R FRE ) 5 Z2 A BRI A C, AN FF
FINBRRE ISP A R 22 ek, Bz HoAr e
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Table 4  Fitted model parameters for isothermal adsorption data of antibiotics in soils at a low soil to water ratio (1 g:10 mL)

Ay wﬁg S ic »E! P R . 7
i [ b PR Freundlich % Dubinin-Radushkevich #5%
K, R? K; 1/n R? Q. Kpg R?
X} i+ 0.04 0.487 " 0.08 1. 66 0. 308 0.26 0. 46 0. 566
1% Hr bt it e 1= 0.39 0. 985 ** 0.34 0.91 0.978*  2.67 1.17 0.981 **
it fg i W 5% Bt ita o £ 0.41 0.983 ** 0.36 0.93 0.972* 2.77 1.23 0.955*
1% Akt e+ 0.50 0.975** 0.34 0.80 0.979* 3.56 1.33 0.989 **
5% ZAbTti % 1 0. 60 0. 989 ™ 0.73 1.15 0.988*  3.55 0.81 0.932*
popii-a 0.11 0. 854 ** 0.17 1.43 0.744 * 0.62 0. 66 0.730
1% Hr et it e 1= 1. 60 0. 945 ™ 2.54 1.55 0.994*  6.84 0.31 0.898 *
it e — FR e mg v 5% Hr kit e 1= 2.04 0.962 ** 3.06 1.46 0.998*  8.52 0.33 0. 850
1% &4kt + 1.64 0.988 ** 1.56 1.21 0.994 "  6.22 0.57 0.931*
5% Akt % 1 2.24 0.958 ** 3.37 1.48 0.999*  9.22 0.31 0.889 *
Xt 8 - 0. 10 0.730 ** 0.18 1.62 0.578 0.51 0.43 0. 587
1% #rifif it o + 1.79 0. 946 ** 2.74 1.53 0.991*  7.08 0.28 0. 903 *
TR H 5% Wbk fita e 1= 2.88 0. 955 ** 4.25 1.50 0.999 " 10.56 0.25 0.901 *
1% ZAbjiti s 1 0.86 0. 989 ** 0.97 1.10 0.983 " 4.48 0. 67 0. 962 **
5% Akt % 1 1.52 0.972* 2.09 1.34 0.989*  6.74 0.42 0.929 "
- At e 1%JFEERER T - S%ifEERER o= eEfbiER T -O- S%E kiRt
4 10 12
TG s il e — P R o WA EH
I g 10mL I g:10mL s 10k I g 10mL A
o3 L /, rd
3+ , /, 7
’ ,‘_’ /, ’ 8+ 7’
- ’ - 6 - - / Py
e ’, s ‘ Ten s s ~ e , ,<.>
= 5L - -~ < s = 6 -
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= L E 4| E - -
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] rd = & ~ 4 7 Fvi
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/ 2 [ ]
U 21 Q'o’ x-
Lo 4 Y B - . g
ol e u 0 |- g - ot - W=-==-"
1 1 1 1 1 1 1 L 1 1 1 | 1 1 1 1
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30 35 35 f
A e Q WY
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e L 25 1 "
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Fig. 3 Adsorption isotherms of antibiotics in soils of different biochar treatments at two soil to water ratios
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8. 12) W KT &b + (6.89 ~7.56) (P <
0.01), fitfi e e DL K fifk frie — HH 56 s g 7 3 8 i 7
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W LA M TR S, AP Tl B K M4y
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Fig. 4 EEM fluorescence spectra of dissolved organic matter in solution for equilibrium adsorption of antibiotics in different soils
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Y - B g E . 3P R DOM 41y £
R JEE BT (A4 S T A LR A ) R — 2 R K
APLIR  A%IR , &ML | RBP4 T 15
SEWLNT 5 UL, AN R it Ak 3 2 2 A i Ak
&, EHTOOEER IS A 3 U B EOLE, 4>
B E ERNE A, C LA RBEAET. 701 A
(E/E, 24230 ~270 nm/370 ~460 nm) # K 2240k
B R, FEIEH—LrFaER/MY . moe
MR AN IR 96 C(E/E, 300 ~
360/370 ~440 nm) FR A ] WOGIX R HLRRIE , H 3%
HI AR g DL o T R A AL B A, 9
W T(E /E, h 220 ~240/325 ~360 nm) T & 221
L. B e A WP A U 3 A G I 1Y
M 3, 56 J3E JAIAI T B il e - S Bl S R i i it
B s A AL & s TR . AL
P AR | R MR | R SR REMT, X
SERC A B B gtk | BCA ML AL R
P, S5 R hiA R K AEMEAEM. Guo
D (IR 5 S ) o i e P R s e i) 3 B
W B ATL T 2 B B 28 48 S g Al - L AR 57
AE, OB & 5 /5 | 5 FMSEY BT, Al Ak
o BT SRR IAT. R e it e R A it e
(1R W B B 22 5 T RE A H T 0 4 09 A= 0 o Pl 5 1
NFRAE | PV (0 A BILJBT 20 53 45 2 A0 5 020 BT 35
X3 HL BT 2 53 7 0 A 2R R R STER X T K,

B AR SR e % AT B35, (A2,
AW IR AE -3 AR S B3R A A BT A 43 Y
/D AT A I8 AS T R B B A R R R, O
] BB ¢ 1 1B A R B R 78 LS A
TR

JIAh, AEPIRIK B LSRR, X R - R P A
VR G0 AL Cf e R SR R IR TR G i Ak
R AR+, 20 T A0 1 5 B ey 8 e e ¢
TRt -, St AN A Pk e i 1
A ML AL S &
2.3 HOHA R A R RR AT

LS B L R R A AR PR DA S e - S R
g — D SH, AT AR AR 8 /N A T 158
(W BFEBILR < 24 1 H BB AE AL (B /N T 40 kJ-mol ' B,
VIR R, B2 A Ak B O ELIR B ) E R
AG® {ET LU Wi st R4k 8 J1 RN, AG 4k
EBR, RIS k. gk 5 s, )
BFE FBE AG® £E - 0.39 ~11.53 kJ-mol ' ZJH], ¥
/NT 40 kJ-mol ", U HTIZI BF Ay My B B, EAST
MiE KA1 g1 mLF, 3 FiiA R 1%
Tt T R EE AGY N TR, UEBIZ
W R RS B R B R s T ELBE K B LR
=, B HAE AGT AL ERN, SR 3 FhiAE
F AN A B AR B K PR TR A AT
(1 R B X A B ) J— 2

x5 3IFHIERTES MO L EP R E B

Table 5 The AG® of the three antibiotics in the five tested soils

AG®/kJ-mol 7!

ey dKLk

i i 15 T iz — Y S e WAREE
popic 1 g:10 mL 9.68 7.79 7.68
1% Hr itz + 1g:10 mL 8. 60 3.59 3.40
5% Hrifita 1 g:10 mL 11.41 6.10 5.28
1% & Akt + 1g:10 mL 11.53 7.78 8.96
5% Akt % T 1g:10 mL 10. 66 6.87 8.06
X HE 1g:1mL 1.10 4.09
19 Hrlit sz + 1g:lmlL -0.39 -1.72 —1.54
5% it it e + 1g:lmlL 0.20 0.18
1% Akt + lg:lmlL 3.39 1.90 3.24
5% AL+ l1g:1lmlL 3.32 1.09 2.24
3 i WERIE 5 R JE 7 4 v R R T B e it T I g 4
- G PR , Al 3Pl 35 1 FH AR B 05
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BB B AT g,

(2)3 FhytA R AL 5 Al e vh 4R 52y
MR Bfs
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