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Adsorption-desorption behavior of oxytetracycline (OTC) and
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Abstract: Choosing two typical northeast soil — cinnamon soil and black soil as tetracycline antibiotics
adsorbents, using OECD Guideline batch equilibrium method to study adsorption-desorption behavior
and thermodynamics behavior of two kinds of tetracycline antibiotics (OTC and CTC) in cinnamon
soil and black soil. The results show that OTC and CTC exhibited high adsorption rates. By comparing
the size of adsorption quantity, TCs in black soil is better than that of in cinnamon soil. Tetracycline
antibiotics adsorption isotherms in cinnamon soil and black soil are consistent with the Freundlich
equation model and Langmuir equation model. The Freundlich equation is superior to the Langmuir
equation. The adsorption process of antibiotics is a double speed process that has fast diffusion and
slow diffusion. Tetracycline antibiotics adsorption isotherms resemble the linear curves according
to adsorption strength (1/n). Oxytetracycline in soil belongs to "S" type, isothermal adsorption and
adsorption of chlortetracycline "L" isothermal adsorption. OTC has the bigger adsorption in the two
soils and the faster desorption rate. Along with the antibiotic substances gradually accumulated in the
soil environment, the harm of soil ecological to environment would grow.
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A, s A FEE A EA LUK, REZEF
BRI E, BWmE M T E K
VU 3R 2 2 Hi 4= & ( Tetracycline antibiotics, TCs )
7 T 2 0 A 7 RV R A R A, e
THR (OTC) ME&HR (CTC) MHEHA)Z.
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Fig.1  The molecular structure of tetracyclines antibiotic
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Tab.1 Basic properties of tetracyclines antibiotic

ﬂl%?%ﬁﬁi? R, R, R, R, ﬁ?}’%fﬁ ﬁ\%% pKa, pKa, pKa,
+%HEZE (0TC) H CH, OH H C,H,,O4N, 444 .4 3.30 7.68 9.30
4% (CTC) Cl CH, OH H C,H,;0N,Cl 478.7 3.30 7.44 9.27

IR A HERE A3 R SR F B R VTAS 5 SRR IR
TR AL, TR BEHNE L, B 0~20 cm AY#HF
VEZ HHEME R HIERE S, 280 R P R AT
fi] TCs, WP HE [ LRIT, i 60 B i .
PR - e DL 2,

TCs 2 1) = AR (A3 {8 (HPLC ) 544
Waters Alliance =350 A LY, FELE 2996 L85 Ma
. WA A A EELALZNE, B A 0.01 molL " HEfR
KW, el AB=2575, RAMFERIZEAT 10 min,
ZETESIETR, CTC H 440 min, OTC 7 5.36 min,,

#2 IR
Tab.2 Physiochemical properties of the two tested soils

e ﬁﬂuiﬁ BHF%?TCE&% TR 1L
(gkg') CEC(cmolkg") HMHR (%) Mk (%) Kk (%)
1 6.78 2773 17.80 7.30 59.20 33.50
Bt 712 4633 28.20 6.10 65.30 28.60

12 HRAE
121 b [ A 20 B s

W2 {52 56 5% OECD Guideline ( GB/T 21851—
2008 ) HtEVHE . S nl PRI T AR 0 T
1.0 g CK5HE 2 0.9995~1.0005 g ) T 50 mL 2.0,
FEE DB TIIA 25 mL R 20.0 mg L HER

YW (1 0.01 mol'L " CaCl, ¥R I ), 433l 7E
5 5min, 10min, 15min, 30min, 1h, 2h, 4h,
7h, 12h, 24 h. 36 h Lk, 3800 rmin' T & L
10 min, HCEIEW, ] 0.45 pm /KRBT IEA
G TCs FE7KAR FPAA#: , T A —TH 6 mol- L™ bR ,
FHAR 50 e bk 2 i



5554 Ees

&, % PEENEE R TP RN - AT 319

122 PrrEZRmWR . Nl

S AR R MRS, ST R S
AEREE, 45185 mgL', 8 mgL"', 10 mgL",
15 mgL" f120 mgL', M R&EHi AR+ 51E
RS AR IR FH B R S A T O B 3R e
AR R 2 A M RN R A XA 2R AR R
DL R g 3 N EA

¥ LRSS O, AR LR, 25
B A 25 mL /1% 0.01 mg-L"' CaCl, /5, k22987
24 h B Wi, W EERAE. AT S VA TR
R R M B RN Z 2P E R s+
I A v A W, I = el L TR (9 5 ek R oA
UK+ 55 RN 48 R e M+ rp g b, g
WA TIAE 53HT
2 #ERE5VHE
2.1 TCs £ )R TR

ILUEZN S 71 W G- 4 o B | = e wll W V14 S PR
WE 2 fE 3 Fin, mEHE, MAREIER
W 5 0 S PR A A R, BB S 7 3 i R 1 T
A FEPUAE R A TR, TR A
Wb U R A R - R R, bR
W B A PR B B R, AT HE — AN 22 N SE AR,
TR F W B R 90.0% Ll F, ZRIRW R P A R
1) Fe B AR AR - %, — s HsF [) IR o3k 81 4
PUAE 2 B R R RN, YO B h 24 h
BF, BUA: A O S AR YRR, T LK DU B
FRY A R W ] 5E A 24 ho By oS AR AT
DI R SR 5 401 18 S b A e I A/ Nk I
WEY O BN iz s, 2523805k
EILRINE RIS, 2 AR J e sl e b (R
1, 2000; Juttar and Davida, 2007; 3% <= il 45,
2009 ) o B P 2 WGBS E] A R TR i, U A
REYA RSB R HIEOR R, B
T 553 1 R 2 18 R A 7 (AT AR R R B AT R 1Y
HEATHE D120 55, SO B TP, 2 ek
) 4R I B A 7 T % DU PR 2R 28 P AR R A, HL
A= R A 2] T i

XF LG PU IR R A R A TR 4 AW,
OTC Fll CTC B3 B %5 by iy W B 25 2 . e,
X T[] —Fh R HEW S, OTC il W it &% R 3 s T
CTC, W HES OTC H HZSMPE2ZES4A ¢, X

Ty ERM S, BRSO ZER T
+. Rk CTC Fi1 OTC 3E b 55 - Hoktki & 4
K, HHEAPL. L5 pH (HAR W20 CTC Al
OTC +-HEmg Ay B &K o 22+ F0iE 1% pH A,
ED SR o =9 R SIS IR IE oy TR 1y s &= 1
TR PR T 2 R A, AR T B R K
Bif. CTC 163+ i &Pty 477.75 mgkg '
Wk 469.18 mgkg ' OTC £ 24 + R 21y
oM 486.30 mgkg ', #+H1h 476.88 mgkg ',
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Fig.2 The adsorption process of CTC
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Fig.3 The adsorption process of OTC

2.2 TCs TELERHERRMITA

PrAE R A 1 T A b g B an 1] 4 RS S
Fis. mEW UL, B CTC F1 OTC MLA M BE (1)
BN, A RN EE XA 2R AR S AT
% H Freundlich #5 %) | Langmuir A5% 7 1 2% 4 #5 7Y
43 3% CTC FI OTC FEAE R - rh A B 45 T 2k
AT E A, S5RILFE 3.

BRI, C, o B BT X CTC/OTC
Wi i (mgkg') , C, 4% i h CTC/OTC )
W ¥ (mgL") , Freundlich J7 72 " K, Jhy W Fff &%
B, AGRW M AR, TRl B, DK MR
B Ky 1n BB B AR 4 A 1 A R BRI B )
22 5%, Langmuir £ A vf1 | ¢, 5% [6] T Freundlich {9
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Fig.4 The adsorption isotherm of CTC
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Fig.5 The adsorption isotherm of OTC
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Tab.3 Parameters of the TCs adsorption models fitted

Freundlich #5751 Langmuir 157 LS lamy Bin

+5 2y lgC=1gK+1/nx1gC, /C=1/0,+1/(K.0,C.) 1gK,=1g(C./C.)

1gK, 1/n R K, R 1K, R
. CTC  2.597 0.903 0.994 909.091 0.393 0.981 2.586 0.967
fass OTC 2.94 1.218 0.991 2000.000 0.172 0.993 2.678 0.933
g CTC  2.737 0.932 0.995 3428.280 0.138 0.989 2.736 0.973
OTC 3.176 1.327 0.996 5000.000 0.105 0.993 2.873 0.945
S 0.994 0.989 0.955

IR 6 75 51 1 S 1R I B AR A (R 3 R R?
{B) o IFEH, L Freundlich 75 #2430 R
fE, PG RECH 0.994, HIKJE Langmuir 5
R, SR 0.989, HUARCRIIE ) T EAH
LR PR RIS R BOCH 0.955, M A, X B
R X R AT AR 2R B R 1K RT DL R R,
CTC 1 OTC 7E B -t iy e i R K, 400l h
2737 F13.076, TE4 £ B B R AR AL, 430
 2.597 F12.740, HH Langmuir J5 & 1 55 W Fff
i 0, WU, PR 2 A A Pk SRR 3
YA R R, F1 Freundlich 77 #2H K, FR18-4516
—3.

W SR 2 BT AR BB A P b A AR T U 1 W B
R W AR XA R R (1) 1
0.903~1.327, [Al—Ff 43Xt PUBR Z b0 AE K 1K
W (1n) S5 250, R8T %2
5K (P<0.05) o FRAEMRoREE (1/n) 5 W

SRR TR ) ¢ 22 r] 1 ( Tang et al, 2004; Cheng
etal, 2007) , CTC 7E#y L AR L iy 1n<l, J&
T LR AR, RifE—aE e ETEEN, +
ST B AR 28 %) W B L 451 I o 0 A 2R v R G n
Wb, OTC #Ete AR Un>1, BT “S #1”
SRR LR, RILH CHRIEI MR AR, BITE
—EWREETL RN, P R R Y L < BE A i
AR U RS IS K
2.3 TCs fELXiEH FHERBRITA

45 R+ 55 R AR R A i A R
g 6 FE 7 R, 4iaRA4ULI, CTC
F1 OTC 7r 4 3 rp (Y W B i S L) Freundlich 455 7Y 41
EBRBREL (P RP=0.995) , HYK & Langmuir
P (S35 RP=0.990 ) , i £ 1 455 50 4005 285 SR e
% (P R’=0.968) . CTC FIl OTC 7F 2+ Fits +
AR AT A AU SR W A TR — 3
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Fig.6 The desorption isotherms of CTC
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Fig.7 The desorption isotherms of OTC

# 4 TCs 1E =Rl FTH b A i S i
Tab.4 Parameters of the TCs desorption models fitted in three different texture soil

Freundlich #5578 Langmuir 57 Es ey min

T3 255 1gC.=1gK .+ 1/nx1gC, 1/C.=1/0,+1/(K,0,,C.) 1gK,=1g(C./C,)
1gK ., 1/n R /0, K, R 1gK, R
i CTC 1.948 0.706 0.998 769.231 2.167 0.993 3.040 0.957
s OTC  2.127 1.237 0.996 909.091 0.786 0.993 2.962 0.977
Wi CTC 1.724 0.752 0.993 869.231 1.444 0.980 2.833 0.954
OTC 1.865 1.131 0.993 1428.571 0.368 0.993 2.783 0.983
S5 0.995 0.990 0.968

X F A FAEAN R 5 b i A WA T N SR
Wi AT S 42, Pusino et al (2004) & S TS
FH(H) :

H=N, 5/ Ny

Ny FI1 Ny, 5351 R BfE A Freundlich J5 72 H

HIFEEI, 2 H=1 B, DB BRI AR T2l

35 A%, CTC. OTC 7E# 1+ Fl B 4
fRA o REI KT 1, RUIDUA RIS RTE
R R E I A, Hohdid KRR
e R BE R L, OTC H CTC HA
B S 28, BTl OTC 7R+ h AE H KA
wr e, DO A A AR A R

# 5 TCs 7 =Fp T 3 i i Jm W & (AT
Tab.5 Desorption hysteresis constant (H/) for TCs in three different texture soil

. CTC OTC e
Naas Naes H Nuas Nes H
#t 2.597 1.948 1.333 2.94 2.127 1.382 1.358
+ 2.737 1.724 1.588 3.176 1.865 1.703 1.646
¥ H 1.461 1.543 1.502

3 it

TCs 7E# AR+ AR A RGE o FE, B
PRH S 3ok TR RS - i 7 . CTC F OTC 7E&
+ b BRI A TAE . R A R A R R
TR, WMt RNl OTC>CTC, Hirf

OTC &2+ [ (W Bt ke K, Ol 486.3 mgkg '

TCs 7E45 IR 4 E A SEIR I I 7E Freundlich £ |
Langmuir A5 75 126 A Y b 357 52 B0 1 R4 A A 56
P, Hrp L Freundlich A8 TCs MR, Az Y40
BRCRAE  TCs TEAR AR I R ( 1/n )
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