‘. 8
CH 50 woE o 538 B 12 2019 4F 12 /]
Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol. 38, No. 12 December 2019

Knowledge Web

DOI:10.7524/j.issn.0254-6108.2019011506

IMNRETE, ZRIRIZ, BERIZR S A0 — H R TR R 7 A W U AR 2R S [ )] AR 1% ,2019,38(12) ;. -

SUN Xiaowen, LI Zhenxuan, HUANG Lidong, et al. Effect of organic dicarboxylic acid on the adsorption of tetracycline by calcite [ J].
Environmental Chemistry,2019,38(12): -

PEZHER R A B 77 A K MR =800
AR FEET O RAR WAR T Eew

(1. YL KA SRR AR YRR O, YL RAIREE W 515 Yt il AR S S =
MR E TR M AL,210044; 2. MUEE TRKEN R L %0, mat,210044;
3. M SURFEASRHE A RA R, A ,211135; 4. N RIAREHEARA R, 8, 225600)

# OE EHE P AP R SRR R T A W R DU AR (s . 5 SRR B R iR pH (BN 7.7
B, B R FRAT AR R R vk B T vm , A1) 0 R B 7 4 RTS8 34 5 DU A 3% 1 R B SR T R B 0 4R pHL
8.3 B, N RV 9 0—0.001 mmol- L™ B, B R 5w F+VE %S , MW pH {69254k (8.3—8.5) A FIF I
FRE WL, T LADU R W R T T v 4 0.001—0.03 mmol - L7 i B A 35 4V &, B pH
HIAEAL (8.5—8.9) AN T PUBRZ W B, JIT LA DU A 28 MR B3R 1 I 48R PR BR MK 2 0—1.8 mmol - L' B B 3%
eV PR TR pH (B A5 1k (8.3—8.5) A1 ) T+ DU R 22 W B , AT 1 DU 34 28 WK Bt R A BT T 90 B pH (K
8.9 B, N R 548K — H IR K0S 5 BV T R A LA 28 BB, b I S 25 1) IR 5 S i oS . DA W e —
FRIRAEANIR (1) S5 25 14 T 6 DU SR 2R AE 0 ) 7= 28 T R R B s i 25 58 | R A I 0T 9 Al — R T ot U S 25 % 144
SR SR .

EEE A, N, SR TR, URE.

Effect of organic dicarboxylic acid on the adsorption
of tetracycline by calcite

SUN Xiaowen' LI Zhenxuan'"" HUANG Lidong’ LIU Dagang'
YU Fei'  PAN Degin*

(1. Jiangsu Collaborative Innovation Center of Atmospheric Environment and Equipment Technology,
Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution Control, Nanjing University of
Information Science & Technology, Nanjing, 210044, China; 2. School of applied meteorology, Nanjing
University of Information Science & Technology, Nanjing, 210044, China; 3. Nanjing Leyi Environmental

Technology Co., Lid., Nanjing, 211135, China; 4. Yangzhou Songquan Environmental Protection Technology
Co., Lid., Yangzhou, 225600, China)

Abstract; Batch sorption experiments were performed to investigate the effects of malonate and

phthalate on tetracycline (TC) sorption by calcite. The results showed that at the initial pH of 7.7,
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the competitive adsorption of malonate and phthalate gradually increased with the increase of
concentrations, resulting in a continuous decrease of TC adsorption rate. At the initial pH of 8.3, TC
adsorption rate increased with malonate concentration of 0—0.001 mmol-L™" | as the increase of pH
(8.3—8.5) was favorable for TC adsorption. Meanwhile, the inhibition of malonate on TC adsorption
was weak. However, TC adsorption rate decreased with malonate concentration of 0. 001—
0.03 mmol-L™", due to the incereased inhibition of malonate, and the increase of pH (8.5 to 8.9)
which is negative. With phthalate concentration of 0—1.8 mmol + L™', where the inhibition of
phthalate was weak, TC adsorption rate kept increasing since the increase of pH (8.3—8.5) had a
positive effect on TC adsorption. At the initial pH of 8.9, most malonate or phthalate took part in
complexation reaction in solution, which had little impact on the TC adsorption. These dicarboxylic
acids have different effects on TC adsorption under different experimental conditions, which can
provide a reference for future studies on the effects of other dicarboxylic acids on TC adsorption.

Keywords : calcite, phthalate, malonate, tetracycline.
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ERERVUIAE (Tetracycline, TC), USP %%, T Aladdin 23 7). PUPR R 1450y K HBE pH 1A 41K
AL LR 1

R1 IR (SOCAL3L,Solvay) FIFHIE4FMESEL
Table 1 Characteristics of calcite (SOCAL31,Solvay)

SRR R TR

R AL . o . afifig
Characteristi Crvstal text Average grain Specific surface Luminous Purite/ %
racteristic s xture ri
aracienisie rystal fexture diameter/nm area/(m>g™") efficiency/ % s
fiiik CRRRLS 70 2545 97 =98
K2 NIRRT NIRRT R AR
Table 2 Acidity constants for malonic acid and o-phthalic acid
e — iR A TR
Type First order dissociation constant Second order dissociation constant
[ 2.85 5.69
4B R 2.95 5.41

Dimethylamino group

H 1o
H; ! NH(CH;), ; PK;=9.68

Fraction

0! pK,=3.30

OH | O oH 10 NH |

pk,=7.68 Phenolic diketone group Tricarbonylamide group

Bl (a) PURRERM 1A, HERELG R, = A 25 5 4L (pK, )
(b) PUIRZHE pH AEALITEZS 534 (5% Zhao 55127
Fig.1 (a) Molecular structure of TC. The regions framed by dashed lines represent the structural moieties associated

with the three acidic dissociation constants (pK,); (b) Speciation of TC under different pHs ( Referred to Zhao et al.t»h)
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IR AT, 3150G, T8 Ca KEIUFR Y 0.5 mg-L™") (EEAMAT WLA3 Ot BE i (S LR R A R A H
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1.3 SEER Ak
1.3.1 Pk 4
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(A SCHIETF I R 48 (CaCO,-CO,-H,0) £ N 7E47 7 A i W B B2 I 9F 9.

H R BEME I R G 5, S AR BRI TAEDY & SR K. BR LB ATF . (1) 10 g
FRATCET 8 L ik (2) RIEHA: MINTEQ 3.1 A5 B o B 2 Rl & 48 AL 40 78 Jin 218 4
K, LLVEE pH B (3) ZETEE IR R AR T i AR ( A IERE) A SR, R B EIH RS
(CaCO,-CO,-H,0) HIRZR M. (4) B2 FM)5, FH 0.45 pm JEBEIE, £ H.

AW TAES, P8 KA pH (B2 5115 Jy 7.7 8.3 .8.9.pH {H A% & X ] 8% DL R ILH .
OARIETN R FNARIR B R () A 22 S5 43S L 5, DR SRy B A1) A WO o = 23 1o X6 B TR AR B8 -5 @ i T
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IR 8 (SRR PR ) S DUBR3RA, JFMOASE PRIV 8 b R IS5 SR , PRS2 59 pH (A,
SR HERE T AT RS0 RV WA S0 2 FE P Y Ca YR BE LA R DU SR R VR L

Horh DU E IR R 10,2030 mg- L' RGP IRV R 0.,0.001 ,0.003,0.005 0.
01,0.03 mmol - L' | 4128 — H BR (O 904G M 124 0.,0.06 ,0.18 0.6 1.8 mmol - L™
1.3.3  Fdliba

AT R R(%) , RHAK(1).

R =(C,-C.)/C, (1)

=, € R €53 B0 R BRI R DU PR VR (mg-L7).

2 25 57718 ( Results and discussion)

2.1 pH7.7 ZAF 4B IR SN R I 52

W RS W pH (H JTER Ca YR S DUIR R 3R A 25 R an i 2.3 pH (B & Ca ¥
JE A A HIRREAE 7.7 AN 450 mg- L7 240 XS5 R R SCIR 4 F T, 9 BRI DU 2R
EQINY NGRS A RN

DU PR 2% A R ik 25 SR e B BT R MR TR (K 0—0.03 mmol - L") , 3 /I~ B DU B 2% 116 W B 5 447 3
BN REBIAD, KT 10 mg- L7 PUERZE HIK MR 25% W N R 1% 24 2 TR an R . YR
BN RRAE 7 A L A B, 30 1o L5 0 g R BB A (> Cat) TS AT R TR
PR ELAT B0 B 25 5 W B A5, (> Ca™) BORE T, ELZEIZ pH UE R, B0 AT I8 BR BB ok ik, Bt
TR BE TR, B S TE DT A R I o e R A 2 T A A7 S AT S 3 D B R A R R T B B
FEARIE S L IRIR, A A R, T LA e R R B ST R R A0 A e SRR A R
TET 4 R B Wa ) SR A th 2 B, A R S S A R K A B AR R BRI IR T B S S e
Yy A A OC. DL E SR 5 AT A R —EL

LROR I RAETESAE T VW pH {H JCER Ca WRFEE S PUBR R W3R 25 R & 3.pH FIJCER Ca W
FESE I SN RS T A A R AR S, RILEIZ L0 25T, &8 = H R 04 I A T AR 2 -4 1Y)
AR

U A 2% W BT 23 1) 485 SR R W, % T A [l e J32 1) WO B 2%, JHLC R R 23 347 il G — WY R vk B T v (B T
R AR BRGNS < AR — F R AR T LA A A R BT B 05 45 4 (> Ca®) AR B 0, HL
% pH ZAF T AR T8 ER AW B SRR — I RR A v T (0—1.8 mmol - L7") , 482K — T iR
N AE 7 A 22T o 4l 5 22 R I BREASE A, DT a1 D A 2R (% IR A B P R 5 4 2 Y R e 0 A 28 e o
(RS M 45 5 ANKE A3, P R % 170 B 2 W RS A 49 1 e ) s s R T4 2R — H R X & R T, TR R AE 7 i
A B R S 378 K T I P R A R o
2.2 pH8.3 FMF AR IR SN R 52

W RAFAESRME T W pH (H TR Ca WREE L VUSRI R ZE R ANE 4.5 pHT7.7 A F X0
(LS RAR L, B RV BE T+, pH {EFN Ca Wk BE SRR AR FEZE SN RO (8, M2 AW B F+ 5 pH
t 8.3 J+% 8.9 247,70 &K Ca VKM 20 mg- L' F+ 2 30 mg- L' A 4.
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Fig.3 Effects of phthalate on tetracycline adsorption under pH7.7 system(TC: tetracycline)
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Fig.4 Effects of malonate on tetracycline adsorption under pH8.3 system(TC; tetracycline)
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Fig.5 Effects of phthalate on tetracycline adsorption under pH8.3 system (TC; tetracycline)
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Fig.6 Effects of malonate on tetracycline adsorption under pH8.9 system(TC: tetracycline )
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X A5 A HE R pH (B A — & LIHa% (BILFRTE 9 A4 ;0K Ca WREEAY L THIR BT K,
3mg L' FHEZE 9 mg- L7 2547 X I 14 DU SR R W BF 285 SR 7 | AT AR — FH R e B T, 3 AN [ e J32 1
IE MR IS TR, 50 RAFER AR E, T R0 R R T /).

Y AB2R - H R () W R RE 0 LN R T 55, FE SRR T, 2 AR IR S Ca™ %A I
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EHES LN R SR BT L Ca WY I T8 B o K.

3 %458 (Conclusion)

ARSCHIFGE T N R e AR — F RO T3 figp A W RS DU R 3R A0 R 0, LA AN < 5046 45 7F 0 pH 7.7
N, TN R B A RS DU B 3 A D fige A L MR A T VR T, L R A AR R T4
KR GG A pH 8.3 I X TN RN F , M N 0—0.001 mmol - L™ i, H 55 445 44
55, MHS B0 pH EAE K (8.3—8.5) A7 T U ER 2 MR, fir L DU BR 380 B B 5 24 HR 2 0.001—
0.03 mmol - L™ i, He5a 4V st , HLHL 24000 pH {HAZ 1K (8.5—8.9) AN T PUBR 2 W T, Jo LA U B 3% 1
BF R B X AR 2E TR T 7, MR 0—1.8 mmol - L7 HSE e E AR ST , T H- 300 pH (HAR Mk
(8.3—8.5) A H T PUFRZ MR, PR PUPRZR W B R AW T F. 2S00 86 264724 pH 8.9 I, K ER /YN 1R
o SRR I RIS ST B2 S, R DU P 2R A IR B 0 A R



2754 7 S (- 38 4%
94 ~ }
4 3
o9t e
921 g e -f_;—_,:-‘-f
= L el s
-2 T o e
_.’-_‘5_ 90 i"'i __.____;_—:i_:__: — —i E 6 "'_i" 3 .'/,.-/%.
¢ 8 [dae"
B8 E | w
8o o i
1 L | L 1 1 1 L 1 1 1 L T | i 1 1 1 1 1 1 N |
0 03 0.6 09 1.2 1.5 1.8 0 03 0.6 0.9 1.2 15 1.8
Phthalate concentration/(mmaol-L™") Phthalate concentration/(mmaol-L™")
50—
“": a0l
% - —a—TC 10 mg-L"!
g 0 *—TC20 mg-L"!
3 e —a—TC 30 mg-L"!
2 0l p——a— 3
5 | == —%
E 10
(] 1 1 L L L L L L 1 J
0 03 0.6 09 1.2 1.5 1.8
Phthalate concentration/(mmol-L™")
B 7 pH8.9 4T 4B — H R XT VU IR W B s M 25 51 (TC.. TUIAER )
Fig.7 Effects of phthalate on tetracycline adsorption under pH8.9 system (TC: tetracycline)
DL SRR, BRI IR SRR IR & I8 T 17 B 00 R AR, (HJ2 & 10k IO B 22 W2 R 14 52 il KL

A B ASTR]L R X T [R] —FRR R M 5, A HAS R A BE VS BRI AN [ B8 pHL 250, Xk DU 34 22 IR B 9 32
Wi 45 SR A A ). 4 T3, A B AU AT LI X P B 2 IR R B 52 e, s O AT BILAR T REAHE DR 1 XU

=24
)2

(1]

MAVE : 25 2 W B S S iy A A9 ELHE 7 A s el 38 o RO R B A~ V- 1 5 R Y TR 32 A .

£ % Lk ( References)
FR¥ T, R FFIE BT AR 38 Zn SERSHE AL M & /N Zn WO RENA [ D . J8UBH : PHAL A AR AR I 2017,
CHEN Y L. Effects of straw mulching on Zn migration and transformation in calcareous soil and Zn absorption in winter wheat[ D].
Xianyang: Northwest A&F University, 2017 (in Chinese) .
S it AR A7 B SRR R S R AR [ D] R« PR R 2015,
MENG Y. Effects of nitrogen fertilizer application on carbon release and accumulation in calcareous soil [ D]. Xianyang: Northwest A&F
University, 2015 (in Chinese) .
CHUN B J, LEE S G, CHOI J I, et al. Adsorption of carboxylate on calcium carbonate (1014 ) surface: Molecular simulation approach
[J].Colloids and Surfaces A Physicochemical and Engineering Aspects, 2015, 474, 9-17.
MARTIN W R, SAYLES F L. CaCOj, dissolution in sediments of the center rise western equatorial Atlantic [ J]. Geochimica et Coschimica
Acta, 1996, 60. 243-263.
LI Z, HOFMANN A, WOLTHERS M, et al. Reversibility of cadmium sorption to calcite revisited [ J]. Journal of Colloid and Interface
Science, 2012, 368(1) ; 434-442.
SEN BRI DUBRERAE LSRR EREE Y A S A S TRV SR (1] A2 257412, 2015,9.:2819-2825.
ZHAN J, WEI S H. Distribution of tetracycline in soil and water environment and its ecological toxicity and degradation [ J]. Journal of
Ecology, 2015, 9:2819-2825 (in Chinese).
ARHERN , R, Y, A5, KR B CaCl, UMW A7 X0 PUBR R A MR [ . BABE TR 4441 ,2012,6(8) :2612-2618.
7Z0U Y L, HUANG H, CHU M, et al. Adsorption of tetracycline by natural and CaCl, modified Zeolite [ J]. Journal of Environmental
Engineering, 2012, 6(8) : 2612-2618 (iin Chinese).
AHMED M J, ISLAM M A, ASIF M, et al. Human hair-derived high surface area porous carbon material for the adsorption isotherm and

ry
5

1
2

kinetics of tetracycline antibiotics [ J]. Bioresource Technology, 2017, 243, 778-784.
s AR B RO SBURE S0 (040 GRS L[] o FREERLSE 2018 ,38(7) :2609-2617.



12 1] PINGE T4 - I F R B TN JO0k D fige A4 W B I 3 3R B4 52 2755

[10]

[11]

[12]

[13]

[14]

[17]

[18]

[19]

[25]

[29]

[30]

ZHANG N, LI M, LIU X. Distribution, migration and transformation of antibiotic resistance genes in soil [ J]. Chinese Environmental
Science, 2018, 38(7) : 2609-2617 (in Chinese).
TrigEse, TER. Pk RN ESFEBUN IR )], FERA S HAR ,2018,41(5) :102-110.
FANG Y Y, DING H J. Advances in studies on the ecotoxicily effects of antibiotics [ J]. Environmental Science & Technology, 2018, 41
(5): 102-110 (in Chinese).
WFRAE, ETP AR TILL, 45, PUBRR SEHUA: RXARIBE SR A R 2w B F i s R AR [T ). FRBEFRI,2018,39(2) :935-943.
CHI S L, WANG W Z, XU W H, et al. Effects of tetracycline antibiotics on the growth of different vegetables and their enrichment and
transport characteristics [ J]. Environmental Science, 2018, 39(2) ; 935-943 (in Chinese).

PAROLO M E, AVENA M J, SAVINI M C, et al. Adsorption and circular dichroism of tetracycline on sodium and calcium-
montmorillonites [ J]. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2013, 417, 57-64.
LI Z H, SCHULZ L, ACKLEY C, et al. Adsorption of tetracycline on kaolinite with pH-dependent surface charges [ J]. Journal of Colloid
and Interface Science, 2010, 351(1) : 254-260.
B . AN TR R A & et A1 M - SEXT SIS Y W AR I [ D] PR FH BB ML K3 2012,
HE J. Adsorption and desorption of exogenous pollutants by calcareous soils with different contents of calcium carbonate [ D]. Shenyang:
Shenyang Agricultural University, 2012 (in Chinese).
BIRIL EAR A, A5 PR G BRIRER T (O A7) X PUERR R[], BRSERLE 540K ,2015,38(12) :215-221.
LI Z X, HUANG L D, XU J, et al. Adsorption of tetracycline on carbonate minerals ( calcite) in open systems [ J]. Environmental Science
& Technology, 2015,38(12) ; 215-221 (in Chinese).
L AR ARITIE 55 R4 A DR IR E W AR R A2 [ 1] BR45 4k~ ,2017,36(2) :365-372.
KONG T, LIN J J, FU H X, et al. Effects of low molecular weight organic acids on carbon source metabolism characteristics of soil
microorganisms [ J]. Environmental Chemistry, 2017, 36(2) ; 365-372 (in Chinese).
JAVED M T, STOLTZ E, LINDBERG S, et al. Changes in pH and organic acids in mucilage of Eriophorum angustifolium roots after
exposure to elevated concentrations of toxic elements [ J]. Environmental Science and Pollution Research, 2013, 20(3) :1876-1880.
XU W H, LIU H, MA Q F, et al. Root exudates, rhizosphere Zn fractions, and Zn accumulation of ryegrass at different soil Zn levels [ J].
Pedosphere, 2007, 17(3) : 389-396.
INERTE, JEE B, T SEB R e e nt i bR B R S A DR B 105G R (1], IR ,2006,27(4) :765-769.
SUN R L, ZHOU Q X, WANG X. Relationship between cadmium accumulation and organic acid content in leaves of anemone japonicus
[J]. Environmental Science, 2006, 27(4) : 765-769 (in Chinese).
GEFFROY C, FOISSY A, PERSELLO J, et al. Surface complexation of calcite by carboxylates in water [ J]. Journal of Colloid and
Interface Science, 1999, 211(1); 45-53.
COMPTON R G, BROWN C A. The inhibition of calcite dissolution/precipitaion; 1,2-dicarboxylic acids [ J]. Journal of Colloid and
Interface Science, 1995, 170: 586-590.
MANN S, GOLUBEV J M, SANDERSON N P, et al. Morphological influence of functionalized and non-functionalized o, ® -dicarboxylates
on calcite crystallization [ J]. Journal of the Chemical Society, Faraday Transaction, 1990, 86.1873-1880.
WADA N, YAMASHITA K, UMEGAKI T. Effects of carboxylic acids on calcite formation in the presence of Mg** ions [ J]. Journal of
Colloid and Interface Science, 1999, 212( 1) : 357-364.
- JASE. RO AT R E R AR R o R A HLRRL) ] (3% ,2006,24(3) :239-242.
WANG P, ZHOU R. Determination of organic acids in root exudates by high performance liquid chromatography [ J]. Chromatography,
2006, 24(3) : 239-242 (in Chinese).
ZHAO Y P, TONG F, GU X Y, et al. Insights into tetracycline adsorption onto goethite; Experiments and modeling [ J]. Science of the
Total Environment, 2014, 470-471. 19-25.
GAO Y, LI, et al. Adsorption and removal of tetracycline antibiotics from aqueous solution by graphene oxide [ J]. Colloid Interface
Science, 2012, 368 540-546.
Fess. FEAE[ M. FaL . B AR T A, 1993 ,18-36.
WANG X R. Environmental Chemistry [ M]. Nanjing: Nanjing University Press, 1993, 18-36 (in Chinese).
FEEA XHEF] 5kl T, IREE K CO, X Ty fiffa = A0 i IR SRR S 1T [ ). R A% ,2009,28( 1) :7-10.
YAN Z W, LIU H L, ZHANG Z W. Analysis of the influence of temperature and CO, on the solubility of calcite and dolomite [ J].
Carsologica Sinica, 2009, 28(1): 7-10 (in Chinese).
CAPPELLEN P V,CHARLET L,STUMM W et al. A surface complexation model of the carbonate mineral-aqueous solution interface [ J].
Geochimica et Cosmochimica Acta,1993,57(15) :3505-3518.
LI Z X, SUN X W, HUANG L D, et al. Phosphate adsorption and precipitation on calcite under calco-carbonic equilibrium condition [ J].
Chemosphere, 2017, 183, 419-428.

[31] GUSTAFSSON J P. Visual MINTEQ ver.3.1[ EB/OL]. [2013-12-21]. http://www2.lwr.kth.se/English/Oursoftware/vminteq/download.

htmlL.



2756

EZ N S - 38 %

[32]

[33]

[34]

[35]

[36]

[37]

[40]

[41]

[42]

BHRIZ BRI DR DY 55 PR S T N ZRRAEJT Ar L [ ], BREEAR%,2015,34(10) :1940-1947.

LI Z X, HUANG L D,CHEN Y F, et al. Adsorption of malonate on calcite in an open system [ J]. Environmental Chemistry, 2015, 34
(10) : 1940-1947 (in Chinese).

ZIRIL AR BT, 45, JFRCRGE T 5 i X 4828 — BRI [ J]. BRR A% 2015,36(7) :2547-2553.

LI Z X, HUANG L D, CHEN Y F, et al. The adsorption of calcite on phthalate in an open system[ J]. Environmental Science, 2015, 36
(7) : 2547-2553 (in Chinese).

CHANG P H, LIZH, YUT L, et al. Sorptive removal of tetracycline from water by palygorskite[ J]. Journal of Hazardous Materials,
2009, 165.148-155.

ARHE, 24 SR B EIEDURR R TS YR /N SR AR K R B A ST ] BB 2011,32(8) :2430-2435.

LIN L, AN J, ZHOU Q X. Ecological toxicity of soil tetracycline pollution on growth and development of young cabbages[ J]. Environmental
Science, 2011, 32(8) : 2430-2435 (in Chinese).

DY, 86309 , B . AR A B AE R L R BARAE [ )] BREEAE,2013,32(12) :2357-2363.

YIL L, JJIAO W T, CHEN W P. Adsorption characteristics of different antibiotics in soil profile[ J]. Environmental Chemistry, 2013, 32
(12): 2357-2363 (in Chinese).

BT, B ARJENI, S5 DR ER AR A 3 o g IR A T A - B Bl 2T 2R [ D] el B, 2017,45(16) 157-62.
ZHAO N B, WEI L L, SONG X G, et al. Adsorption behavior, adsorption kinetics and thermodynamics of tetracycline in typical soils[ J].
Journal of Anhui Agricultural Sciences, 2017, 45(16) : 57-62 (in Chinese).

FAAE. TR, L) K ORI BRI SE [ DL 20 AR Rl R, 2000.

JIANG D H. Adsorption of bacteria on clay minerals and soil particles [ D]. Wuhan: Huazhong Agricultural University, 2009 (in Chinese).
it SRR, FORET  5E. RS T A A LR X o BR AT I B G R A S R B AL B[ )], AL BB R4 2R, 2015,34(7)
1301-1310.

YANG L H, GONG D X, YUAN Y ], et al. Effect of low molecular weight organic acids on adsorption of dichloroquinolinic acid by
hematite and its mechanism [ J]. Journal of Agricultural and Environmental Sciences, 2015, 34(7) : 1301-1310 (in Chinese).

WU H Y, JIANG D H, CAI P, et al. Effects of low-molecular-weight organic ligands and phosphate on adsorption of Pseudomonas putida
by clay minerals and iron oxide[ J]. Colloids and Surfaces B: Biointerfaces, 2011, 82.147-151.

LEE Y J, REEDER R J. The role of citrate and phthalate during Co( Il ) coprecipitation with calcite [ J]. Geochimica et Cosmochimica
Acta, 2006, 70(9) ; 2253-2263.

HEE S, MR U R B SE[ D] JCB YL R, 2012

HUANG Z X. Study on adsorption of tetracycline by attapulgite[ D]. Wuxi: Jiangnan University, 2012 (in Chinese).

WANG J T, HU J, ZHANG S W. Studies on the sorption of tetracycline onto clays and marine sediment from seawater[ J|. Journal of
Colloid and Interface Science, 2010, 349. 578-582.



