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Table 1 Selected physico-chemical properties of the soils tested
Electrical Mechanical composition ( Volume% )
Soil No. pH cre Conductivity Organic Matter
(‘emol kg~') . (gke™")
(pSem™) Sand Silt Clay
St 6. 66 16. 04 69. 1 29.2 8.0 76.4 15.6
2 8.00 12.35 93.4 34.0 2.2 77.3 20.5
S3 6.61 20. 51 115 30.6 2.9 80.7 16.4
Cu Zn Pb cd ¥ PAHs
Soil No. (mgkg™') (mgkg™') (mgkg™') (mg kg™') (mg kg™')
st 46.0+1.5 148 +2 48.5+4.7 2.73 +0. 24 2.31
2 243 +5 1082 +43 201 £6 2.97 £0.25 0
S3 38.7:1.5 96.5 2.9 11.7 0.4 0.02 £0. 05 17.3
0.01.0. 1.
1.0.5.0.10.0.25.0.50.0.100.200 400 mg L.
pH
o pH
0.2 s 25%C
200 r min "~ 24 h
3500 r min "' 5 min 0. 45
1 wm
Fig. 1  Molecular structure and pK, values of oxytetracycline /
( Varian SpectrAA 220 FS/220 Z)
1.2 NN
( OECD) No. 106 4h
B, 2.500 g 50 ml pH. 3
10:1 0.01 mol L™'
NaNO, 25 ml .
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35C (0.0l mol L7") =
2:8 0.8 ml min~"' 360 nm.
3.99 min,
1.3
( (1) 3
Origin 9. 0.0 Freundlich
( (2)) Langmuir ( (3)) 2 3
Fig. 2 Isothermal adsorption of oxytetracycline in three soils
¢ 4) ° ’ differer:l in pollutyion ty;/t-,
C.=(C,-C,) *v/m, (1 o
Freundlich
lgC. =g K, +(1/n)1g C, (2) (0.01 ~1mgL™") (10 ~ 400 mg L")
Langmuir
1/C_=1/K,Q,C. +1/Q, (3) o
: Freundlich
C.=K,C, (4) (R*) 0.701 ~ 0.764 ; Lang-—
(1) C, (mg muir 0.392 ~ 0.552
ke™") C, (mgL™") C. Freundlich
v Langmuir
(L) m (kg): ;
(2) K n K; 0.905 ~ 0.991
n »(3)
0. K. Q.
K, p(4) K, o
. Freundlich ~ Lang-
muir >
2 Freundlich > Langmuir o
Freundlich Langmuir
2.1 Cy
2 3 C,
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Langmuir R’ 0.823 ~ 0.910 10 ~25 mg L™ 1
R’ 0.97 ~ 0.99 kg 0.11 ~0.27 g
. o
3 3 ( a) Freundlich ('b) Langmuir
Fig. 3 Sorption isotherms of oxytetracycline in the three selected soils ( a. Freundlich model b. Langmuir model)
2
Table 2  Parameters of the adsorption isotherm of OTC relative to concentration of OTC added in the soils
Freundlich Freundlich model Langmuir Langmuir model
Areas of lower Areas of higher Dividing Areas of lower Areas of higher Dividing

Soil No. concentration concentration concentration concentration concentration concentration

Gy, o

1gKy, 1/n R? lgKy, 1/n R? On K, R? Qn K, R?
(mgL™") (mg L")

S1 -1.68 569 0.9931 1.96 0.654 0.9798 25 -0.799 -0.271 0.8238 2525 0.0206 0.998 2 10

S2 -6.12 11.6 0.9948 1.38 0.863 0.995 4 10 -0.357 -0.215 0.8619 2545 0.0078 0.9977 10

S3 -4.55 11.0 0.9703 1.9%4 0.739 0.9957 25 -1.10 -0.265 0.9102 3058 0.0199 0.99 3 10

2.2
pH
o o 5
. . 10 ~ 50 mg L' .
pH 0 NN
4 pH
; (S1.S3) pH . sl
10 mg L™ ;2
; (S2) pH 10 mg L™ 25 mg L™
; pH S3 50 mg L
o pH
S3
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4 pH

Fig. 4 Dynamic changes in pH in equilibration process of the three soils and the control

; 100 mg L™ pH 6.53 ~6.70.7.29 ~7.47.6.72 ~
6. 83
pH 3738
39
34 .
100 mg ™' S1.S2.S3 pH
6.21 ~6.53.7.27 ~7.31.6.55 ~6.72
» (0~10 mg L") pH
S1.82.83 pH 6. 60 ~ 24 h
6.71.7.30 ~7.40.6. 80 ~ 6. 86 ,
36

) o

(10 ~100 mg L") S1.S2.S3
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Fig. 5 Desorption curves of Copper Zinc
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SORPTION BEHAVIOR OF OXYTETRACYCLINE IN COMPLEX CONTAMINATED SOIL
AND ITS EFFECTS ON DESORPTION OF HEAVY METALS IN THE SOIL

Chen Like' > Ma Tingting'" Pan Xia' Luo Kai'® Wu Longhua'" Luo Yongming' *
(1 Key Laboratory of Soil Environment and Pollution Remediation Institute of Soil Science Chinese Academy of Sciences Nanjing 210008 China)
(2 University of Chinese Academy of Sciences Beijing 100049  China)
(3 College of Agriculture Guizhou University Guiyang 550025 China)

(4 Key Laboratory of Coastal Zone Environmental Processes Yantai Institute of Coastal Zone Research Chinese Academy of Sciences Yaniai

Shandong 264003  China)

Abstract Tetracyclines ( TCs) is one of the antibiotics most commonly used in animal husbandry nowadays for it
is cheap and little in side-effect. It is often released into soils through application of animal manure and disposal of phar—
maceutical waste and so on thus not only affecting microbial activities and plant growth but also interacting with other
pollutants existing in the soils which might eventually lead to eco—toxicity and changes in pollutant characteristics in agri-
cultural soils. In order to explore sorption behavior of oxytetracycline ( OTC) a typical TCs in complex contaminated soil
and its effect on desorption of other existing pollutants ( especially heavy metals ( HMs) such as cadmium copper lead
and zinc) in three different types of complex contaminated soils a batch equilibrium experiment was conducted in line
with Guideline No. 106 of the Organization for Economic Co-operation and Development ( OECD) . Samples of three dif-
ferent types of contaminated soils were collected from three sites different in soil type and were contaminated with HMs—
Polycyclic aromatic hydrocarbons ( PAHs) HMs and PAHs. The experiment was designed to have 10 treatments relative
to OTC concentration i.e. 0 0.01 0.1 1.0 5.0 10.0 25.0 50.0 100 200 and 400 mg L."'. After the addition
of OTC concentrations of cadmium copper lead and zinc in the soils were determined. Results show: 1) a threshold
value was found with OTC concentration. Around the point below or above OTC adsorption characteristics changed in
opposite ways. However all the data in the two ranges of concentration could be well fitted with the Freundlich model and
Langmuir model; 2) OTC varying in the range from 0 to 25 mg L ™" in concentration competed for adsorption sites on the
surface of the soils with heavy metals and as a result HMs desorption rate increased with the rising OTC concentration;
however when OTC concentration varied between 25 and 100 mg L.™'  some free HMs ions formed complexes with OTC
and got fixed again on the surface of the soils; and when OTC concentration exceeded 100 mg L™'  HMs desorption rate
rose slightly as the addition of a high rate of OTC declined pH of the system. The changes in HMs availability in contami—
nated soils are mostly attributed to the competition for adsorption and complexation reaction of OTC with HMs and the
change in pH which upsets the dynamic equilibrium adsorption or desorption of the pollutants in the soils. Since HMs
desorption rate in solution could to a certain extent be analogous to its toxicity it is necessary to study in depth effect of
the addition of oxytetracycline relative to application rate on desorption of HMs in complex contaminated soils which is
not only conducive to the research on mechanism and toxicity of the complex contamination of antibiotics and heavy metals
but also of a certain significance in guiding maintenance of food security and remediation of complex contaminated soils.

Key words Oxytetracycline; Heavy metals; Competitive adsorption; Complex soil contamination
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