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Abstyact ITo clarify Bl'e interactions betwpen heavy metals antibiotics, and humic aud copper (Cu?™ ), oxytetracycline (OTC),
notflogacih (NOB.I) and /humic acid samples: from Fiver -sedmy;erﬁ in the Polder area were selected to build single and coexisting
systemss Groups of experlment% were designed to investigate ‘the kinetics, thermodynamics, and isotherms of Cu®>*, OTC, and NOR
adsorption’ onto humic acid in single and Cu®* + OTC and Cu®* + NOR coexisting systems ( concentration ratio =1:1). The
physicochemical properties of humic acid were analyzed by scanning electron microscopy ( SEM ), X-ray diffraction ( XRD), BET
tests, and IR spectroscopy, and the possible adsorption mechanisms are discussed. The results showed that the humic acid was a
typical amorphous material with a negative charge and non-uniform porous structure, and the pore size was at the mesoporous scale. In
the single systems, the saturated adsorption capacity (g, ) of Cu’*, OTC, and NOR onto humic acid was 33.043, 19.512, and
26.676 mg-g~", respectively. In the Cu’* + OTC system, the ¢, of Cu’* and OTC was 38. 053 and 25. 965 mg-g ™", respectively. In
the Cu®* + NOR system, the ¢, of Cu** and NOR was 39. 187 and 32.728 mg-g~', respectively. The adsorption behaviors in the
single and coexisting systems were similar and the adsorption processes were well fitted by the pseudo-second-order kinetic equation;
the Sips model provided good descriptions for the isothermal adsorption equilibrium. Moreover, adsorption thermodynamics were
characterized by spontaneous endothermic reactions with the reduction of free energy and the increase of enthalpy and entropy. It can be
concluded that Cu** combines with OTC and NOR to form complexes, which increases the number of species available for adsorption by
humic acid. Also, adsorbed Cu’* can combine with free OTC and NOR in a bridging manner. Thus, a more favorable adsorption
situation occurred in the coexisting systems. The IR characteristics of the carboxyl, phenolic hydroxyl, ketone, and aldehyde groups of
humic acid changed by different degrees after adsorption, indicating that oxygen-containing functional groups generally participated in
the adsorption reactions.

Key words ; humic acid; copper; oxytetracycline( OTC) ; norfloxacin( NOR) ; coadsorption
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Table 2 Fitting parameters for the kinetic models
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e kA 2% A% B I Kl/h'] q. | e K, ) q. ) R a | B | R
/mg-g /g-(mg-h) 7' /mg-g”! /mg-(g-h) /g mg
c®* 0.206  20.822  0.929 0.011 22.732  0.965 5.552 3.881  0.983
L NOR  0.236  16.561  0.794 0.016 18.295  0.877 4.989 3.031  0.917
OoTC 0.051 9.343 0.956 0.004 11.971 0.967 0.703 1.698 0.855
et wore GO 0135 22,678 0.979 0.006 25.741  0.995 4.707 4.548  0.994
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et anop G0 0123 24270 0.987 0.005 23.388  0.993 4.583 4.772  0.955
NOR 0.151 21.510 0.997 0.007 24.527 0.996 4.367 4.431 0.980
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Table 3 Fitting parameters for the isothermal adsorption models

Langmuir #5171 Freundlich 117! Sips #57
MR IR R R K, I R K; N R Kip Ay n R
/Lemg™'  /mg-g~ Vn,g-l. ln /mg! ~"eL"-g™! /L"emg "
Cu®* 0.320 33.043 0.899 11.723 3.374  0.983 12.982 0.117 2.763  0.980
o OTC 0.046 19.512 0.945 1.500 1.696  0.882 0.122 0.010 0.492  0.996
NOR 0.299 26.676 0.980 9.042 3.250 0.923 9.284 0.311 1.254  0.986
- Cu®* 0.251 38.053 0.956 10.393 2.810 0.853 7.641 0.227 0.831 0.951
Cu™™ +OTC OTC 0.096 25.965 0.973 3.895 1.813  0.890 2.056 0.082 0.679  0.997
Cu’* +NOR Cu?* 0.293 39.187 0.948 12. 094 2.913 0.885 11.838 0.296 1.047  0.935
NOR 0.438 32.728 0.920 10.573 3.178  0.989 12.514 0.201 2.218  0.99%4
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Fig. 7 Adsorption thermodynamics under the single system and coexisting system
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