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Adsorption performance of different substrates to combined sulfamethoxazole and hexavalent chromium

pollution in a constructed wetland
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Abstract: To discover which substrate types in a constructed wetland can synergistically adsorb sulfamethoxazole (SMZ) and hexavalent
chromium [Cr( VI )], batch adsorption experiments were conducted using 10 substrates as adsorbents (vermiculite, zeolite, river sand, peat,

paddy soil, blast furnace slag, diatomite, volcanic rock, K—feldspar, and gravel). Adsorption kinetics, adsorption isotherms, and pH
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response changes of SMZ and Cr (VI) were studied in single and binary adsorption experiments. A Pseudo—second order model best

described the adsorption process of SMZ and Cr( VI) on all substrates (R>>0.993), accompanied with three stages of intraparticle diffusion :
volume diffusion, macroporous diffusion, and microporous diffusion (C;>0). SMZ and Cr( VI) interactively weakened volume diffusion and
macroporous diffusion(P>0.05). The adsorption amount of Cr( VI) decreased from 0.51-0.97 mg- ¢ to 0.48-0.49 mg-g¢™', but the adsorption
amount of SMZ increased from 0.35-0.54 mg+ ¢ to 0.45-0.51 mg-¢". The kinetics cluster of SMZ and Cr( VI ) in paddy soil and volcanic
rock changed more significantly. The Freundlich model well describes the adsorption behavior of SMZ and Cr( VI ) on all substrates (R*>
0.839). Cr( VI) mainly promoted SMZ adsorption, while SMZ affected Cr( VI ) adsorption depending on the substrate type. Both SMZ and
Cr('VI) mutually promoted adsorption by K—feldspar, blast furnace slag, volcanic rock, and gravel. The adsorption capacity of SMZ on K-
feldspar, blast furnace slag, volcanic rock, and gravel increased by 10%, 10%, 21%, and 25%, respectively. The adsorption capacity of
Cr(VI) on K-feldspar, blast furnace slag, volcanic rock, and gravel increased by 166%, 71%, 104%, and 658% respectively. The
isotherms cluster of SMZ and Cr( VI) in K—feldspar, blast furnace slag, volcanic rock, and gravel changed more significantly. When the pH
increased, the adsorption amount of SMZ and Cr( VI) on each substrate decreased. The adsorption amounts of SMZ and Cr( VI) on peat and
volcanic rock were higher than the others at an acidic pH. The pH response cluster of SMZ and Cr( VI ) in peat and volcanic rock changed

more significantly. Our results indicate that K—feldspar, blast furnace slag, volcanic rock, gravel, and peat are conducive to the synergistic

adsorption of SMZ and Cr( VI ), and to the control combined of SMZ and Cr( VI) pollution by constructed wetlands.

Keywords : sulfamethoxazole; hexavalent chromium; combined pollution; substrate; adsorption; cluster analysis
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Figure 1 SEM of different substrates® >
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Table 1 Main components and physicochemical properties of different substrates

FLBR HERERY MALERY  MALLR, CEC/
K% (m*-g') (mm’-g") nm

HF Si0/% ALOV% Fex04/% MgO/% CaO/% K:0/% Na0/% 0y pH Sk

(cmol - kg

WA 350 6.0 — 21.50  2.00  3.00 — 8392 59 2100.0 200.0~7000.0 8896 721 [21,31]
WA 686 124 1.21 — 2571 @ — 1.08 5395 166 61.2 14.8 239.13  6.92 [22,31,32]
mEk 381 — 14.90 — 4190 124 — 3500 0.1 1.0 33.5 0.40  8.05 [22,23,31]
JH 402 186 1408 7.2 543 018 087 8474 25.6 — — 41479 3.42 [30,33,34]
KFEt+ 503 118 346 08  — 139 129 6278  — — — 65.64 552 [25,31]
B 887 2.4 4.37 0.06 1.14 140 008 — 46.6 149.3 10.7 — —  [26,35]
B 632 183 1.23 057 245 1029 321 — 5.7 — — — 8.00  [27,28]
T 435 232 9.75 0.62 10.52 1.05 0.88  62.67 — — — 89.21  10.26 [29,31]
kg 538 169 9.08 — 836  — 255 6640 0.4 6.0 90.9 0.60  8.69 [22,32,36]
e 703 4.7 222 — 812 — 212 3872 @ — — — 1013 8.18  [31,32]
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AT BRI B, L0 B rh AR ) o B R i A

&2 sMzFCr(VDIRMES s N FRBFERZEHHEXRY

Table 2 Correlation coefficient between adsorption amount of SMZ and Cr( VI) and kinetic model parameters

% {5t Adsorbate Fa/h™ ko/(gemg'-h™") kia/(mg- g™ -h™?) kil (mg- g™ -h™"?) ki (mg- g™ -h™"2)
SMZ (I BfF) 0.114 -0.009 0.647% 0.656% -0.130
SMZ (L5 Bff) -0.600 0.457 -0.201 -0.286 -0.257
Cr( VD) CERIZ ) -0.248 -0.622 0.917* 0.748% -0.042
Cr(VI) (FEm ) 0.168 -0.882% 0.456 0.403 0.697*

TE -+ RRAE 0.05 K b B AR ; oy — S IO SR8 B, o SRV RSON R F R, Kian o F s 23S R 0 LA ORI ALY e

RER

Note: * stand for significance at the 0.05 levels. £ is the Pseudo first order reaction rate constant. £, is the Pseudo second order reaction rate constant.

kiar s ki and ki are volume diffusion , macropore diffusion and micropore diffusion rate constants , respectively.
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