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Abstract

While there have been great demands on improving domestic water pollution issues, the necessity for real time monitoring
of particular drug residues in water resources has been raised since drug residues including antibiotics could provoke new
trains of drug-resistant bacteria in water environments. Among many different types of drugs used for pharmaceutical treat-
ment, antibiotics are considered to be one of the most hazardous to our ecosystem since they can rapidly promote the spread-
ing of drug-resistant bacteria in water environments. In this mini-review, we will highlight recent developments made on creat-
ing in-situ sensing platforms for the fast monitoring of antibiotic residues in aquatic environmental samples focusing on optical
and electrochemical techniques. Related recent technology developments and the resulting economy effects will also be
discussed.
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Figure 1. A graph showing the ratio of antibiotic-resistant bacteria
increased over time since each antibiotic molecules were commercially
available. Adapted from refs.[2-4].
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Table 1. Summary of Different Optical Detection Platforms for a Wide Spectrum of Antibiotic Molecules with the Reported Limit of Detection

(LOD) and Recognition Element

Detection platform Recognition element Target antibiotic molecules LOD Ref.
Antibody Chloramphenicol 0.74 fg/mL [26]
Neomycin 2.00 pM
Boronic acid Kanamycin 1.00 pM [27]
Streptomycin 200 ™M
SPR Antibody Chloramphenicol 32.2 pg/mL [44]
RNA aptamer Neomycin B 5 nM [45]
Enrofloxacin 0.30 pg/L
Antibody Sulfapyridin 0.29 pg/L [46]
Chloramphenicol 0.26 pg/L
Neomycin
Gentamicin
Kanamycin
SPR imaging Antibody Streptomycin ~ ng/L [28]
Sulfamethazine
Chloramphenicol
Enrofloxacin
Surface enhanced Raman scattering Antibody Kanamycin 2 pg/mL [47]
Waveguide optical immunosensor Antibody Sulfapyridine 0.2 pg/L [29]
Optical fiber long period grating Molecularly imprinted polymer nanoparticles Vancomycin 10 nM [30]
Nanofilament-based optical sensors Molecularly imprinted polymer Enrofloxacin 0.58 uM [48]
Fiber optic sensor Enzyme Penicillin 0.25 mM [49]
Fluorescent siderophore pyoverdin Ciprofloxacin 7.13 uM [50]
Fluorescence
Enzyme B -lactam 50-100 nM [51-52]
Ciprofloxacin 230 nM
Chemiluminescence Ce(lV)*Ru(bpy)32+ Norfloxacin 52 nM [53]
Ofloxacin 78 nM
Bacterial bioluminescence Luminescent Escherichia coli strain Tetracycline residues 2-35 ng/mL [54]

Reverse phase high performance liquid

chromatocgraphy-UV detector - Tetracycline 11.53-30.12 ng/mL  [55]
Enzyme linked immunosorbent assay (ELISA) Antibody Triclosan 0.1 pg/L [56]
Chromatographic strip assay Antibody Chloramphenicol 0.5 ng/mL [57]
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Figure 2. (A) Scheme showing a surface plasmon resonance (SPR) based
sensing platform in conjunction with imprinting technology of molecular
recognition sites for neomycin through the electropolymerization of a
bisaniline cross linked gold nanoparticles composite on an Au thin film.
(B) Representative SPR sensorgram for the detection of neomycin
ranging from 2 pM to 200 nM. Reprinted with permission from ref.[27].
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Table 2. Summary of Various Electrochemical Detection Platforms for a Wide Range of Antibiotic Molecules with the Reported Limit of Detection

(LOD) and Recognition Element

Detection platform Recognition element Target antibiotic molecules LOD Ref.
Potentiometry Ion selective membrane Aliquat336S Flucloxacillin 70-80 pM [58]
. o . . Tetracycline 6.33 ng/mL
Microfluidic platform with Pt electrode Antibody, Enzyme o . [31]
Pristinamycin 9.22 ng/mL
Gentamicin
Array of 32 gold electrodes RNA Aptamer Tobramycin 2-6 uM [32]
Kanamycin
Voltammetry . Streptomycin 80 uM
Interface between two immiscible Dibenzo-18-crown-6 . [37]
. Kanamycin 0.2 mM
electrolyte solutions
Tetracycline 5 pM [39]
Interdigitated array of gold electrode chip DNA Aptamer Oxytetracycline 1 nM [59]
Glassy carbon electrode DNA Aptamer Tetracyclines 1 ng/mL [60]
Glassy carbon electrode Enzyme Penicillin V 50 nM [61]
. Glassy carbon electrode Antibody Ciprofloxacin 3 pM [33]
Impedimetry - — - - -
Printed circuit board with gold pattern Antibody Erythromycin 1 ppb [62]
A 242 0.2 g/Le} 0.5 gL7HA AE8FR ©1[29], Korposh 78S )
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Figure 3. (A) Schematic showing an RNA aptamer based
electrochemical biosensor for antibiotics. (B) A representative picture
showing a 32 gold electrode amay for the multiplexed detection.
Reprinted with permission from ref.[32].
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Figure 4. (A) Scheme showing an electrochemical cell set-up for a
single microhole fabricated on a PET film supported ITIES. (B)
Representative DPSVs for different concentrations of protonated
topotecan (HTOPO+) from 2.5 to 100 pM. Reprinted with permission
from ref.[38].
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