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Effects of cation strength and species on adsorption of oxytetracycline by biochars

YAN Cong—cong, FU Bo-min, LUO Ji-wei, HUANG Peng, GE Cheng—jun, YU Hua-mei"

(College of Natural Resources and Environment, Institute of Tropical Agriculture and Forestry, Hainan University, Haikou 570228, China )
Abstract : Based on OECD Guideline 106, batch sorption methods were used to investigate the effects of calcium ion strength (i.e. 0.01,
0.03, 0.05, 0.08, 0.1 mol Ca*+L™") and different cations(0.01 mol+L™" solution of KCI, ZnCl,, CaCl,, AICl;) on the oxytetracycline( OTC)
adsorption process in pineapple residue biochars prepared at three temperatures (BL350, BL500, BL650 ). The results indicated that the val-
ues of the OTC adsorption coefficient 1gK; gradually decreased with increasing Ca®* concentration in solution until reaching steady state. A
significantly negative correlation existed between calcium ion strength and 1gK; value( P<0.05 ). The effects of Ca®* concentration on the OTC
adsorption by biochars were negligible at lower OTC concentrations compared to those at higher concentrations. Under the condition of dif—
ferent cations, both the Freundlich and Langmuir models were well-fitted isotherms for describing the OTC adsorption by biochars, with av—
erage fitting correlation coefficients of 0.922 1 and 0.946 3, respectively. Whereas the OTC adsorption isotherm of BL650 tended to be linear
(with the value of 1/n close to 1) in 0.01 mol- L AlCl, other isotherms were L—type curves. Different effects of different cations on the OTC
adsorption by the biochars were observed. In particular, whereas a significant difference existed between K* and AI**( P<0.05 ), more signifi—
cant differences existed between Zn** and K* or AI**(P<0.01). Moreover, the presence of K* significantly reduced the adsorption strength of
OTC by biochar(1/n) as compared with the presence of other cations.
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Table 1 Physiochemical properties of the tested pineapple

residue biochars!'®

T AR TR RWR R
IRISHY cmol kg™ m’eg’! %

BL350 9.37 62.17 0.815 10.41 33.94
BL500 9.57 85.10 2.729 12.58 25.74
BL650 9.74 116.57 6.643 13.23 23.74

1.2.2 N[ml B 55 2

Z: I OECD Guideline106 3t 517 77 1222 43 51 FR
H 0.100 0 g BL350 . BL500 F1 BL650 - 50 mL RN i
RN DA R IR G — R EE (1:100) A 10 mLL
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Figure 1 Oxytetracycline concentration of adsorption solution in

the three biochars on different CaCl, concentration
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bk X3 BAEY i A AHAR CaCly Mk BE AR B R] fr
Ko AT RC X REA TR, 455 58 7%, BL350 Al
BL500 7£ CaCl, ¥ 7 0.01 mol-L™" 1 0.03 mol - L
[ 7775 i % 22 52 (0.01<P<0.05 ) , BL650 7E CaCl, ¥ fif

k7 0.03 mol - L~ F1 0.05 mol -L™ [A] /7 7€ i & % &
(0.01<P<0.05), FEXtH: 0.08 mol+ L™ A1 0.10 mol - L
WL K AR EZER, KRS CaCl, WRJE
IR, U BT 1 B 2R W B A s i 128 20 s N, 5
ZHISE S —8. % 4h BL650 7£ 0.01 mol -L™ 1 0.03
mol - L™ Z [BIANAFAE 5255, PIRBIRIAZ BL65O 1Y
bl 2 1A AR Al B R A 40 B A A, DA R 1 5 2%
BRHRE F7 4, (IR HR BE 1 CaCly ot SEL IR o i) 5 i 5 LG
FRFRE 1 AH HL 50T A 2208
2.2 WRHREI S

AEE T E T, KA Freundlich F7 Fl Lang—
muir 15578 ) RRAC AP o AU 3 R AE Y BT xt LR
W B 3t A o PR IR BRPASR BRY S80 1K 1/n Q. A {EL T
%3,

LK FoRAY RN -85 R I 75 o it A
KMl AL, AR TR I 1K (S CaCl, ¥R 22 (7]

2 AR CaCLiRETEEZE(0TC)TE 3 MAEMRRTH K, E(L-kg)
Table 2 K, values of OTC in three biochars on different CaCl, concentration(L-kg™)

OTC ¥ J&F/mg- 1!

AMIFIRKET CaCl, ¥R /mol - L
2 5 10 15 20

BL350 0.01 0.314 2 0.193 3 0.116 2 0.086 2 0.071 4

0.03 0.190 3 0.093 3 0.052 7 0.049 4 0.033 8

0.05 0.116 2 0.081 3 0.051 1 0.036 0 0.025 1

0.08 0.099 6 0.068 3 0.039 5 0.033 8 0.024 0

0.10 0.099 0 0.062 4 0.038 0 0.030 9 0.021 7

BL500 0.01 0.956 6 1.153 9 0.534 2 0.361 5 0.257 7

0.03 0.697 8 0.405 7 0.251 6 0.170 5 0.1353

0.05 0.599 1 0.378 5 0.2353 0.141 1 0.114 1

0.08 0.445 0 0.332 1 0.179 1 0.140 7 0.099 7

0.10 0.391 0 0.326 0 0.166 9 0.123 5 0.096 1

BL650 0.01 34829 6.717 2 3.0532 1.362 8 0.798 6

0.03 3227 8 3.018 6 0.762 7 0.728 8 0.380 8

0.05 3.037 5 2.781 9 0.744 5 0.552 2 0.356 7

0.08 3.007 6 1.384 1 0.680 2 0.510 9 0.339 8

0.10 2.839 4 0.799 9 0.672 8 0418 7 0.307 6

xR 3 R[E CaCl, R E T HIRMIRE S
Table 3 Adsorption parameters for two models on different CaCl, concentration
CaCl, ¥e g/ BL350 BL500 BL650
mol - L leK; 1/n Q./mg-kg™ leK; 1/n Q./mg-kg™ leK; 1/n Q./mg kg™

0.01 2.367 5 0.530 2 833 2776 5 0.574 4 2000 3.1353 0.519 8 3333
0.03 2.192 0 0.455 6 500 2.584 17 0.534 7 1111 2.949 4 04723 1667
0.05 2.093 3 0474 2 500 2.5517 0.5190 1111 2924 2 0.463 4 1429
0.08 2.028 6 0.496 5 455 24935 0.546 3 1111 2.886 8 0.493 5 1111
0.10 2.022 2 0472 2 417 2.469 5 0.547 3 1111 2.842 8 0.494 6 1000
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Figure 2 Effects of different cations on adsorption of
OTC to biochars
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Table 4 Adsorption parameters of OTC in three biochars under the existence of different cations

Freundlich F7Y

Langmuir A7)

TSR BB T
leK; 1/n R? Q./mg- kg™ K. R?
BL350 KCI 2.601 4 0484 1 0.962 0 1111 0.818 2 0.993 5
ZnCl, 2916 9 0.669 4 0.984 8 2500 0.666 7 0.998 9
CaCl, 2.367 5 0.530 2 0.996 0 833 0.461 5 0.992 2
AlCl, 2479 2 0.703 9 0918 9 5000 0.060 6 0.980 2
BL500 KCI 2.656 8 0.545 0 09410 1429 0.636 4 0.993 4
ZnCl, 2.989 2 0.596 7 0.954 9 2500 1.000 0 0.994 3
CaCl, 2.776 5 0.574 4 0.947 9 2000 0.555 6 0973 4
AlCl, 2.5555 0.656 4 0.728 0 -5000 -0.057 1 0.766 9
BL650 KCl 2.887 7 0.498 6 0.960 0 1429 1.750 0 0.992 0
ZnCl, 3.173 2 0.539 4 0.847 2 5000 1.000 0 0.859 6
CaCl, 3.1353 0.519 8 0.873 6 3333 1.500 0 0.828 0
AICI; 2.703 7 1.001 1 0.950 4 -5000 -0.087 0 0.983 1
R — — 0.922 1 — — 0.946 3

W S 2R A L 780 BRI BH i
3 £

(D7E LR R ETLHIAN, AE Fo L8R
RIS B 52 15 -5 BE AR AL I SE AL AN K, TR L 35 Rk
JEFHE, HoaZ g om B AR AL S g

(2)A[F] Ca™ e B2 26T, 3 FAE I BT s L8R
A8 I o 3 A2 #4947 Freundlich Al Langmuir #5%Y , Fif
AT CaCly W EZ RO THR , AR B0 38 3K 1Y)
W ik 5 it (1K) 3B ki), H. 1gK (B 5 CaCl, ¥ FE 2
] 52 4 25 A5G (P<0.05)

(3)4 FPA[R B 5 254 T, 8 R TE 3 FiEY)
S5 ¢ R B FE Y4 A Freundlich 1 Langmuir #5
B, 3 R AP s L8R BA SR ZU W ER] 1gK,
{EYE Y 2.367 5~3.173 2, HW FALH J& TPy B Kt

(4) AR BH 8 18] 1) 5 4 W B BB S AAAE 22 5, Zn™
AIAFTEXT 3 T A 40 5 Jic 1) W B 6 3 BT AS ) R B2 1Y
AR, T AP BL350 W B 455 3R A RE 1A T
5 HAB P 5 5 AH E , KA 7E B RERRARIA M P LR
TEAEYI UK E B SR B (1/n)
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