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Design of Surface Separation Media for Selective Collection of Drugs and
Application to Hospital Wastewater Treatment
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Air/water and solid/water interfaces were designed for highly efficient
removal of pharmaceuticals from hospital wastewaters.
A coagulation-flotation method using sodium dodecyl sulfate, poly(allylamine hydrochloride), and Al
(111) ions was useful for eliminating tetracycline and fluoroquinolone antibiotics. The antibiotics
were sorbed on surfactant-modified air/water interfaces as the hydrophobic ion-pair of their Al
(111) chelates with dodecyl sulfate ions. The method was also applicable to the removal of
different acidic and basic drugs.
On the other hand, B -lactam antibiotics in water were rapidly removed and degraded by using
dialkylated cationic surfactant-modified organoclay. At 25° C and pH 7, penicillin G (m/z = 335)
nearly completely (>98%) degraded into penicilloic acid (n/z = 353) missing B -lactam ring within 2
h. The applicability to wastewater treatment was successfully demonstrated by using secondary
effluents and synthesized hospital wastewaters.



1)
)
®)
(4)

*
*
B-
(>99%)
>99%

10

o

Sodium dodecy! Pelyallylamine- HCI ,q.,-...,.,.- interface
sulfate (SDS)  (PAH) g
CHy(CHy}, 005" Na® .

P =]

m 'j}:(s Organoclay
ﬁ Sorptlon 7
Penicillin G SR s
H yO

e +s
Organoclay sorption method aIIowed 1%
rapid removal and eco-friendly Penicilloic acid

degradation of B-lactam antibiotics.

®
*
®)
@
(SDS)
(PAH)
- log Kow =
-1.5 0.05
(1ID)
SDS
SDS 20 mg/L, PAH 6.5 mg/L,
AI(1IT) 1.0 mg/L 5
>99.8%
>99.6%
Fig. 1
PAH SDS
SDS 0.012 £ 0.05 mg/L
0.02 mg/L

(Fig. 2)



100 F Py Ay 100 F
(A) gﬁ:""%“@ ®) =P
X 5
80 4O 80 | ‘g
b ,
S
< 60 | 60
3 /
> i
2 @
§ 401 o TC 4 g NOR
e ! o CIP
O oTc B 5 [557
20 | 20
A CTC
i H ENR
0 L 1 L Oi ! L .
0 10 20 30 0 10 20 30
SDS (mg L) SDS (mg L")

Fig.1 Removal of tetracyclines and fluoroquinilones.

TC, OTC, CTC, NOR, CIP, LEV, ENR: see Fig. 3.
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Fig. 2 Effect of PAH on TC removal and the amount of

remaining SDS.
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Fig. 3 Removal of different pharmaceuticals.

O : Coagulation-sedimentation (AI(III): 100 mg/L)

: SDS-assisted coagulation-sedimentation

m : The present method.
(Tetracyclibes) TC: tetracycline, OTC: oxytetracycline, CTC:
chlortetracycline, (Fluoroquinolones) NOR: norfloxacin, CIP:
ciprofloxacin, LEV: levofloxacin, ENR: enrofluoxacin,
(Acidic drugs) KET: ketoprofen, IBU: ibuprofen, MEF:
mefenamic acid, (Basic drugs) FLU: fluoxetine, DIP:
diphenhydramine, CHL: chlorpheniramine.
COD: chemical oxygen demand (570 mg/L)
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Fig. 4 Sorption and desorption of CTAC or DDAB.
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of B-lactam antibiotics and correlation between log Kg
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Fig. 8 Emission spectra (A) of PN in water (I), 20
mg/L SDS (I), 6.5 mg/L PAH, and the combination
(IV) as well as instrument (B) and effect of air bubbles
on difference of emission intensity (AF) (C).

®

(PN)

DDAB PN

PN
Amax)
(Fig. 7)
PN
(Fig. 8)
PN
PN
)
50 mm
254 nm
100

®



25
10
mg/L

T. Saitoh, K. Sakurai, M. Hiraide, Thermo-
responsive polymer-mediated extraction for
graphite furnace atomic absorption
spectrometric determination of trace metals in
high purity iron, Microchemical Journal 139
(2018) 410-415.
doi.org/10.1016/j.microc.2018.03.029

N. Uehara, N. Sonoda, Specific turn-on
infra-red fluorescence from non-fluorescent
gold  nanoclusters by reaction  with
sulfhydryl-oligopeptides, Colloids and Surfaces
A: Physicochemical and Engineering Aspects
538 (2018) 14-22.
doi.org/10.1016/j.colsurfa.2017.10.057

N. Uehara, Y. Numanami, Fabrication of
thermoresponsive  near-infrared  fluorescent
gold nanocomposites for cell imaging, Sensors
and Actuators B 247 (2017) 188-196.
doi.org/10.1016/j.snb.2017.03.004

> > > >

, 66 (2017) 557-562.

doi.org/10.2116/bunsekikagaku.66.557

T. Saitoh, K. Shibata, K. Fujimori, Y.Ohtani,
Rapid removal of tetracycline antibiotics from
water by coagulation-flotation of sodium
dodecyl sulfate and poly(allylamine
hydrochloride) in the presence of Al(III) ions.
Separation and Purification Technology 187
(2017) 76-83.
doi.org/10.1016/j.seppur.2017.06.036

Y. Takagai, R. Miura, A. Endo, W. L. Hinze,
One-pot synthesis with in situ preconcentration
of spherical monodispersed gold nanoparticles

using  thermoresponsive  3-(alkyldimethyl-
ammonio)propyl sulfate zwitterionic surfactants,
Chemical =~ Communication 52 (2016)
10000-10003.
doi.10.1039/C6CC04584G
N. Uehara, Colorimetric assay of
homocysteine  using gold  nanoparticles
conjugated with thermosresponsive copolymer,
Analytical Methods 8 (2016) 7185-7192.
doi.org/10.2116/analsci.25.267
T. Saitoh, T. Shibayama, Removal and
degradation of P-lactam antibiotics in water
using didodecyldimethyl- ammonium bromide-
modified montmorillonite organoclay, Journal
of Hazardous Materials 317 (2016) 677-685.
doi.org/10.1016/j.jhazmat.2016.06.003

( )s
, 2017.11/16, JST

> P—

66 , 2017.9/9-12,

Y. Masubuchi, N. Uehara, Fabrication and
application  of  organic-inorganic  hybrid
composed of stimulation-responsive polymers
and fluorescent gold polymers, RSC Tokyo
International Conference2017, 2017.9/7-8,

T. Nakagawa W.L. Hinze, Y. Takagai,
One-pot preparation of size-controllable
condensed gypsum nanorods in the surfactant
mediated extraction, RSC Tokyo International
Conference2017,2017.9/7-8,

T. Saitoh, M. Oiwa, A. Saito, H. Fujioka, T.
Shibayama, Continuous removal and
degradation of f-lactam antibiotics using
organoclay-packed column, 15th International
Conference on Environmental Science and
Technology, 2017.8/31-9/2, Rhodes, Greece.

W.L. Hinze, Y. Takagai, R. Miura, A. Endo,
H.T. Thi, Surfactant mediated one-pot synthesis
with in dStu  preconcentration of metal
nanomaterials using thermoresponsive
zwitterionic type surfactants (Invited), 254th
ACS National Meeting & Exposition, 2017.8/
20-24, Washington DC, USA.

K. Fujimori, T. Saitoh, Rapid removal of
pharmaceuticals from water by surfactin-
enhanced coagulation-flotation method using
sodium dodecyl sulfate, Pure and Applied
Chemistry International Conference 2017,
2017.2/2-3, Bangkok, Thailand.

>

>

65 ,2016.9/14-16,



; 65 ;
2016.9/14-16,

F I |

, 65 ,
2016.9/14-16, .

N. Uehara, M. Takita, K. Sato, Fluorometric
determination of ionic surfactants with
thermoresponsive polymers having fluorescent

groups, RSC Tokyo International Conference
2016, 2016.9/8-9, ,

] > >

; 48 ,
2016.9/6-8, .

T. Saitoh, Surfactant-mediated separation for
efficient wastewater treatment (Invited), 2015
International Chemical Congress of Pacific
Basin Societies, 2015.12/15-20, Honolulu,
Hawaii, USA.

N. Uechara, Interaction thermoresponsive
polymers and surfactants and its application to
chemical analysis (Invited), 015 International
Chemical Congress of Pacific Basin Societies,
2015.12/15-20, Honolulu, Hawaii, USA.

Y. Takagai, T.T. Hue, W. L. Hinze, One-pot
preparation of nanoparticle chains via
self-assembly of in situ synthesized gold
nanoparticles in a zwitterionic surfactant-rich
medium (Invited), 015 International Chemical
Congress of Pacific Basin  Societies,
2015.12/15-20, Honolulu, Hawaii, USA.

T. Saitoh, Removal of polar organic
pollutants from wastewaters by
surfactant-assisted coagulation (Invited), 2nd
Asian Symposium on Analytical Sciences,
2015.9/9-11, .

N. Sonoda, N. Uehara, Synthesis of NIR
luminescent gold nanoclusters by etching with
thiol compounds, RSC Tokyo International
Conference 2015, 2015.9/3-4,

2017-129673
2017 6 30

2016-75872
2016 4 5

2015-143417
2015 7 17

JFE )

6111223
2017 3 17

o
SAITOH, Tohru

40186945

@
UEHARA, Nobuo

) (

50203469

TAKAGAI, Yoshitaka
70399773

MAEDA, Takafumi

80758227
27 28

®
*



