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A novel separation medium was developed for designing simple, highly efficient, and eco-friendly
remediation technologies for treating water containing highly bioactive organic pollutants such as
pharmaceuticals, personal care products, and pesticides. The separation medium,
didodecyldimethylammonium bromide-montmorillonite (DDAB-MT) organoclay, was readily
prepared by mixing a dialkylated cationic surfactant, didodecyldimethyl-ammonium bromide
(DDAB) and a layered clay mineral, montmorillonite K30 (MT), in the aqueous solution. The
possibility of DDAB-MT organoclay for treating water contaminating highly bioactive organic
pollutants was studied.

DDAB-MT organoclay was used for the sorption and degradation of an organophosphate pesticide,
fenitrothion, in water. The degree of sorption increased by the modification of MT with DDAB,
because of the formation of hydrophobic DDAB assemblies for the sorption of hydrophobic
fenitrothion. Fenitrothion ([M+1] = 278) sorbed on the organoclay rapidly converted to the degraded
product anion ([M] = 262) followed by the further degradation into 3-methyl-4-nitrophenol ((M—1] =
152). The activation energy for the first-order reaction of the primary degradation of fenitrothion
(79.9 kJ mol—1) in the organoclay was lower than the value (94.1 kJ mol—1) in water. Organoclay-
mediated catalytic activity expressed over a wide pH region (pH 5-9), being advantageous for the
application to different wastewaters and environmental waters. Continuous sorption and degradation
of fenitrothion in contaminated water was examined by using a laboratory-scale organoclay-packed
column. Fenitrothion-free effluent containing its degraded product, 3-methyl-4-nitrophenol, having
lower toxicity to aquatic organisms outflowed from the bottom of the column.

The sorption of various antibiotics, pharmaceuticals and personal care products in water onto
DDAB-MT organoclay was also studied. The extent of the sorption on the organoclay was largely
dependent on the DDAB content; the effect of DDAB modification on the sorption was also
influenced by hydrophobicity and/or net charge of pharmaceutical. The binding constants of B-lactam
antibiotics were determined from their interaction with the DDAB molecules on the organoclay and
were correlated with their aqueous-octanol distribution coefficients. Additionally, it was also
influenced by the net charge of the antibiotic. A wide range of B-lactam antibiotics including
penicillin- and cephalosporin-type antibiotics were sorbed on the organoclay and rapidly degraded
under mild conditions (pH 7, 25°C). The continuous sorption and degradation of penicillin G in a
buffer solution and synthesized hospital wastewater were demonstrated by using an organoclay-
packed column. The resulting effluent was free of penicillin, and containing only penicillin degraded
products.




In conclusion, DDAB-MT organoclay was useful separation medium for decontaminating water
containing bioactive organic pollutants such as pharmaceuticals, personal care products, and
pesticides. Because of high water permeability and hydrophobic property, the organoclay sorbed a
wide range of organic pollutants and efficiently decontaminated polluted water. Moreover, B-lactam
antibiotics and fenitrothion sorbed on the organoclay degraded into less toxic compounds.
Continuous sorption and degradation in the contaminated water was successfully demonstrated,
suggesting the usefulness of DDAB-MT organoclay as a barrier material for controlling diffusion of
bioactive organic pollutants.
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