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The HR-SEM image of Polyamic Acid (Fig.3a) showed a cluster structure typical of polyamic
acid. The clustered structure provides a high surface area for attachment of nanomaterials to

produce nanocomposites with enhanced properties.

4.2.2 Graphene Oxide (GO)
The Graphene Oxide (GO) was characterized as a powder. The analysis was also performed on a
Hitachi Model X-650 Scanning electron analyser coupled with Energy Dispersive X-ray

analyser. Samples were placed on Copper grids for analysis on the SEM instrument.

EMT = 500KV Signal A InLens Date 23 Jul 2015 200 nm EHT = 5.00kV Signal A = InLens Date :23 Jul 2015
WO = 7.1 mm Mag= 200KX Time :11:40:38 WD = 71mm Mag= 50.00 KX Time :11:37:53

T

Figure 4.3: SEM of Graphene Oxide (GO)

HR-SEM image of Graphene Oxide (GO) (fig3b and c) showed the laminar wrinkled surface of
graphene and the sheets stacked together to form a multi-layer structure. The geometric
wrinkling arises from 7—n interaction within sheets of GO, which not only minimizes the surface

energy but also induces mechanical integrity and tensile strength, so that the film-forming ability
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is greatly improved. The wrinkled structure of GO sheets provides a large rough surface for

further modification (Li et al, u2013).

5.2.3 Polyamic acid-Graphene oxide (PAA)

For SEM (PAA-GO) was dissolved in 0.1 M PBS (0.03 g/mL solution) respectively and
electrochemically deposited onto SPCE electrodes using 5 cycles between —1000 V and 1000 V
at 50 mV/s. The Graphene Oxide (GO) was characterized as a powder. The analysis was
performed on a Hitachi Model X-650 Scanning electron analyser coupled with Energy
Dispersive X-ray analyser. Using conductive glue samples were placed on aluminium stubs and

coated with carbon.

EHT = 5.00 kv Signal A = InLens Date :30 Sep 2015
WD = 7.4 mm Mag = 20.00 KX Time :10:05:30

Figure 4.4: SEM image of PAAGO

(Fig.3d) shows the SEM image of polyamic acid —graphene oxide nanocomposite where the
PAA is observed to coat the GO completely, resulting in PAA/GO islands, interrupting the

laminar structure observed at unmodified graphene oxide.
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4.3 Spectroscopic characterization of the transducer materials
4.3.1 Polyamic Acid (PAA)

Both Polyamic Acid (PAA) was recorded as powder (pellet formed using KBr). The FTIR

spectra were recorded over the range of 4000 cm™ to 1000 cm™.
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Figure 4.5: FTIR spectrum of Polyamic acid (PAA)

The FTIR spectrum of the Polyamic Acid (PAA) in (Fig.4a) is similar to the spectrum which is
in the literature. (Andreescu et al, 2005: Noah et al, 2012). The absorption bands that occur at
around 3254 cm™ and 1649 cm™, and 1392 cm™ indicate the presence of the amide group,
whereas the bands occurring at around 2612 cm™ (broad) can be assigned to the vibrational
modes of carboxylic acid. A spike appearing at 3049 cm™ shows the existence of NH. The strong

peak at around 1239 cm™ indicates the stretching vibration of the ether group.
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4.3.2 Graphene Oxide (GO)
Graphene Oxide (GO) was recorded as powder (pellet formed using KBr). The FTIR spectra

were recorded over the range of 4000 cm™ to 1000 cm™.
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Figure 4.6: FTIR spectrum of Graphene Oxide (GO)

The FTIR spectrum of GO (Fig.4b) shows a weak shoulder at 3858 cm™ indicating the hydroxyl
stretching vibrations of the C-OH groups, the O-H stretching vibration at 3331 cm™ . A weak
band at 1713 cm™ assigned to the C=0 stretching vibrations of the-COOH groups, aromatic C=C
stretching vibration at 1598 cm™ a strong band at 1350 cm™ assigned to the O-H deformations of
the C-OH groups, and a strong band at 1058 cm™ which is characterize the C-O stretching

vibrations. (Pokpas et al 2014: Bourlinos et al, 2013).

4.3.3 Polyamic Acid-Graphene Oxide nanocomposite

Polyamic acid-Graphene oxide (PAA-GO) was dissolved in 0.1 M PBS (0.03 g/mL solution)
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Figure 4.7: FTIR spectrum of PAAGO

The FTIR structure of PAA-GO (Fig.4c) is similar to that of PAA showing the physical

dominance of the polymer as a host, interrupting the structure of graphene oxide (GO).

4.4 Electrochemical characterization

Cyclic voltammetry (CV) and Square wave voltammetry (SWV) experiments were carried using
PalmSens electrochemical workstation (Bioanalytical Systems, USA.) All experimental solutions
were purged with high purity Argon gas and blanketed with Argon atmosphere during
measurements. The experiments were carried out at controlled room temperature (25 °C). The
synthesized PAA, GO and PAA-GO were dissolved in 0.1 M PBS pH 7.2 and PAA, GO and
PAA-GO were respectively electrochemically deposited onto three different SPCE electrodes
using 5 cycles between —1000 mV and 1000 mV at 50 mV/s. The PAA, GO and PAA-GO-
modified SPCE electrode were further characterized using CV at different scan rates in 0.1 M

PBS with a pH of 7.0.
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4.4.1 Effect of scan rate
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Figure 4.8: Cyclic voltammogram of PAA-SPCE in 0.1 M PBS pH 7.0 at different scan

rates (10-100 mVs).

The cyclic voltammetry of polyamic acid showed redox couples which are both reversible.
Polyamic acid (PAA) cyclic voltammogram is in agreement with reported studies [Andreescu et
al, 2005: Hess et al, 2014) with two anodic peaks which are due to the NH and OH functional
groups in the polyamic structure (Epal and Epa2) and two cathodic peaks (Epc2 and Epc2). The

current peaks of PAA increased with the increasing scan rate.
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Figure 4.9: Cyclic voltammogram of GO-SPCE in 0.1 M PBS pH 7.0 at different scan

rates (10-100 mVs).

Graphene Oxide (GO) Showed one reversible redox couple .The one anodic peak (Epa) and one
cathodic peak (Epc) in graphene oxide voltammogram are due to the oxygenated functional

groups in the graphene oxide structure such as OH, COOH and epoxides.
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Figure 4.10: Cyclic voltammogram of polyamic acid-graphene oxide (PAAGO-SPCE) in

0.1 M PBS pH 7.0 at different scan rates (10-100 mVs).

The PAAGO nanocomposite displayed three anodic peaks (Epal, Epa2 and Epa3) and three
cathodic peaks (Epcl, Epc2 and Epc3) which confirm the incorporation of the graphene oxide
onto the polyamic acid forming a PAA/GO nanocomposite. The redox couple denoted by
Epal/Epcl and Epa2/Epc2 may be attributed to polyamic acid whilst Epa3/Epa3 is due to

graphene oxide incorporation.
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Figure 4.12: Randles-sevick plot of PAA
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Figure 4.12: Randles-sevick plot Graphene oxide (GO)
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Figure 4.13: Randles-Sevick plot PAAGO




The current peaks of PAA .GO and PAAGO increased with the increasing scan rate. To

understand the kinetics of the electron transfer process, the effects of varying the scan rate (m)

on the peak currents and peak potentials of all the electrodes were investigated. The diffusion

coefficient of anodic response of each electrode was calculated using the Randles— Sevcik

equation.

Ip= (2.69x10°)An*’CDY4v1/2

Electrode Epal Epcl | Epa2 Epc2 Epa3 | Epc3 | AP E° D [cm®s
V] [Vl V] [V] [Vl |Vl |I[VI V] ]

PAA/SPCE |-0.102 |-0.64 |-0.40 |0.26 AP1=0.5 | E1° (Epl)
4 =0.37 |3.2x10°

AP2=- E2°

0.66 =0.33
GO/SPCE 0.35 0.024 0.33 0.19 (Epl)
1.7x10°

PAA/GO/SP |-0.11 |-0.74 |0.38 0.30 0.72 |0.07 | AP=0.63 | E1°
(Ep3)

CE AP2=0.0 |=0.43
1.7x107

8 E2°=0.

AP3=0.6 | 34

5 E3°=0.

40

Table 4.1: Electrochemical parameters of PAA, GO and PAAGO obtained from CV and SWV.
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In the above Table 4.1 the obtained electrochemical kinetics of polyamic Acid (PAA), Graphene
oxide (GO) and Polyamic acid-graphene nanocomposite respectively are shown. Polyamic acid-
graphene oxide was found to have a larger peak separation (Ap3= 0.0.65 V) compared to
graphene oxide (GO) which had a peak separation of (Ap3=0.33 V) indicating a faster electron
transfer in the PAA/GO platform. The diffusion coefficient of GO and PAA/GO at peak 3 (Ep3)
were comparable proving that that peak is due graphene oxide. The calculated diffusion
coefficient of the PAA in this study is lower compared to the previously reported diffusion
coefficients of PAA (Andreescu et al, 2005, Hess et a, 2014) .This could be due to the different
electrode used with Gold electrode (Au) and Glassy carbon electrode (GCE) having a small

effective surface area (A) compared to screen printed electrode (SPCE).

The calculated diffusion coefficient of GO/SPCE was lower compared to that of GO/GCE which
is reported the literature (Li et al, 2012). GO modified SPCE had a formal potential of 0.19 V.
The lower formal potential (E°) of GO compared to PAA and PAAGO indicated the superior
electrical conductivity ability of GO when incorporated appropriately, these atomically thin
carbon sheets of GO can significantly improve physical properties of host polymers at extremely

small loading (Kim et al, 2010).
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4.4.2 Square wave voltammetry (SWV) analysis of the transducer materials

—GO
—— PAA
—— PAA-GO

I/uA

. ; .
0.7 0.0 0.7
E/V vs Ag/AgCl

Figure 4.14: oxidative square wave voltammograms of GO, PAA and PAA/GO in 0.1 M

PBS pH=7 at a scan rate of 50 mVs

48



— GO
—— PAA
—— PAA-GO
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Figure 4.15: Reductive square wave voltammograms of GO, PAA and PAA/GO in 0.1 M

PBS pH=7 at a scan rate of 50 mVs

Square wave voltammetry (SWV) confirmed the oxidation and reduction peaks observed in the
polyamic acid (PAA), graphene oxide (GO) and polyamic acid -graphene oxide(PAA/GO) the
formal potentials for the redox couples identified in the cyclic voltammetry (CV) were calculated

for SWV (see table 4.1).
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Chapter 5
In this chapter we present the Uv-vis analysis and electroanalytical response of norfloxacin and

neomycin at the novel electrode.

5.1 Uv-Vis analysis of Norfloxacin

5.1.1 Sample preparation

A standard solution of 0.1 M of norfloxacin was prepared by dissolving 0.319 g of norfloxacin in
10 mL of 0.1 M HCI and further diluted to different concentrations for analysis on a NICOLET

evolution 100 Uv-vis instrument

0.1mM
(\ 0.06mM
3 .05mM
.04mM
0.03mM
0.02mM
2
<C
1 —
0 —
1 ' 1 ' 1 ' 1
200 300 400 500
nm
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Figure 5.1: Ultraviolet-visible absorption spectra of norfloxacin at Amax. = 277 nm

The absorption spectrum of norfloxacin in 0.1 M HCI solution is shown in Figure 5.1. The Amax

was found to be at 277 nm. This wavelength was used for all measurements.
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Figure 5.2: Full calibration curve of the UV-vis spectra of norfloxacin at Amax = 277 nm.

The absorption vs concentration response followed a linear relationship at low concentration and

reached a plateau at higher concentrations.
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Figure 5.3: Linear range of calibration curve (0.02 mM-0.06 mM) for norfloxacin at

Amax = 277 nm

The calibration curve was constructed in the range of expected concentrations (0.02 mM-0.06
mM). Beer’s law is obeyed in this concentration range. The value of the determination
coefficient was calculated (r* = 0.983, y = 31020 x + 0.417), where, x is concentration and y is
the absorbance value). From the linear range the LOD was found to be 1.61x10™ M and the LOQ
was 4.83 x10™° M (Figure 5.3). The sensitivity of the UV/vis method for detection of norfloxacin

in solution using standard solutions was found to be 31020 Au/M.
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5.2 Electrochemical detection of Norfloxacin (NOR)

5.2.1 Novel electrode preparation

The novel PAAGO/SPCE electrode was prepared by electrodepositing PAAGO nanocomposite

onto a screen printed carbon electrode (SPCE).

5.2.2 Experimental
Experiments on the electroanalytical response of norfloxacin were studied using Square Wave

voltammetry (SWV) with the modified electrode in 0.1 M PBS at pH 7.01.

OomM
0.025mM
40 4 0.050mM
0.075mM
0. 1mM
0.125mM
0.150mM
0.175mM
0.2mM
0.225mM
0.250mM
0.3mM
0.35mM
0.40mM
0.45mM
0.50mM

A

E/V vs Ag/AgCl

Figure 5.4: Current response measured by SWV at PAA/GO as a function of increasing

concentration of norfloxacin, in 0.1 M PBS at pH =7, vs Ag/AgCl, scan rate 50 mV/s.

In this Figure 5.4 the current response of norfloxacin at different concentrations measured by
SWV at PAA/GO in 0.1 M PBS pH=7 vs Ag/AgCl scan rate 50 mVs is shown .The 0 mM

represents the bare PAAGO electrode, which is the background response at 50 mVs scan rate,
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the peak at 0.85 V increased with an increase in concentration of norfloxacin. It is widely
reported that the potential peak at 0.85 V represents the electrochemical oxidation of NH group.
In the literature it is reported that the oxidation of NH group in the norfloxacin occurs by the
transfer of the same number of electrons and protons, thus two electrons and two proton transfer

was involved in the reaction at PAAGO/SPCE electrode (Goyal et al, 2012).
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0.000012 i &

0.000010 — E

/A

0.000008 -
0.000006 — u

0.000004 -

0.000002 . : . 4 : : : : . :
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Figure 5.5: Full calibration curve for norfloxacin at PAA/GO electrode, n =3

measurements.

The full calibration curve evaluated form the lowest concentration 0.025 mM to the highest
concentration 0.5 m. The linear response region was fitted to linear regression line to evaluate

analytical parameters.
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Figure 5.6: Linear plot of the current response of norfloxacin in the range 0.025-0.04mM

The experiment was repeated n=3 times therefore 3 LODs were calculated. The LODs for the 3
experiments were 3.28x10” M, 2.82x10"M and 4.02x10"M with a Standard deviation (STD)
value of 6.07799° .The average LOD| was found to be 3.37x10° M s/n =3 with a sensitivity of

0.06493 A/M. The analytical performance of the PAA/GO was comparable to that of a widely
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used analytical method Uv-vis spectroscopy (chapter 5.1) in the determination of norfloxacin and

other antibiotic residues.

LOD LOQ Peak Sensitivity Reference
Method
Potential
3.21x10" M | 9.63x10" M | +0.91V | 0.028 A/uM | Devaraj et al,
CuO/MWCNT/GCE
2013
28x10°'M |8.4x10°M | +0.95V |0.0733 Goyal et al,
Edge plane pyrolytic
HA/UM 2012
graphite
1.0x10"M | 3.0x10"M | +1.12V | Not reported | Huang et al,
Poly (methyl red) film
2008
modified GCE
5x107" M 1.5x10"M [ +1.1V |0.2410 Huang et al,
MWCNT/nafion/GCE
HA/M 2008
3.37x10"M | 1.01x10"M [ 0.89V | 0.065 A/M | This study
PAA/GO/SPCE

Table 5.1: Comparison of analytical performance of the novel PAA/GO chemical sensor to the

published data for norfloxacin detection.

In comparing the analytical performance of the PAA/GO chemical sensor to the published work,

the PAA/GO chemical sensor was found to have a comparable LOD and peak potential which
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proves that the PAA/GO electrochemical sensor is a stable, low cost, environmentally friendly

and easy alternative method to detect norfloxacin in the aqueous medium. The analytical

performance of the PAA/GO sensor was second only to CUO/MWCNT/GCE sensor reported by

Devaraj et al, 2013; however the PAA/GO fabrication is simpler, in situ and highly reproducible.

The oxidation of norfloxacin may result in other pharmaceutical products which can cause the

same antibiotic resistance as norfloxacin in the water systems.

F COOH F COOH

2N
VTR — AV

N
HN(\) ézHg H O,N\) ézﬂs

Figure 5.7: Oxidation mechanism norfloxacin
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Figure 5.8: UV-vis spectra of 0.1 mM norfloxacin before and after oxidative SWV scan

at 50 mVs.

Uv-vis spectra of norfloxacin were recorded before (un-oxidized) and after (oxidized)
electrochemical oxidation in the SWV experiment at 50mVs (figure 5.8), showed very similar
profiles. This indicates that the analytical peak current measured by SWV was due to a potential
induced activation state rather than oxidative degradation of the norfloxacin. This is very
important in analytical chemistry, since the SWV detection of norfloxacin is non-destructive and
the same sample can either be validated by another method or subjected to repetitive analysis,

with easy regeneration of the working electrode.
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5.3 Uv-Vis analysis of neomycin

5.3.1 Sample preparation
A standard solution of 1 mM of neomycin was prepared dissolving 0.023 of neomycin sulfate in
25 mL of H,O and further diluted to different concentrations for analysis on a NICOLET

evolution 100 Uv-vis instrument

T T T T T
210 280 350

nm

Figure 5.9: Ultraviolet-visible absorption spectra of neomycin at Amax. = 196.7 nm

The absorption spectrum of neomycin in an aqueous solution is shown in Fig. 5.9. The Zmax was

found to be at 196.7 nm. This wavelength was used for all measurements.
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Figure 5.10: Calibration curve of the UV-vis spectra of neomycin at Amax = 196.7 nm

The absorbance values increased with the increasing concentration and started to deplete at

higher concentrations indicated
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Figure 5.11: linear plot (0.04-0.05 mM) of neomycin at Amax = 196.7 nm

The calibration curve was constructed in the range (0.04 mM-0.05 mM) where Beer’s law was
obeyed. The value of the determination coefficient was calculated (r* = 0.986, y = 26600 x +
0.842, where, x is concentration and y is the absorbance value). From calibration curves (figure
5.9 and 5.10) the LOD was found to be 1.41x10 M and LOQ was 4.23x10° M. The sensitivity
of the UV/vis method of detecting neomycin in solution using standard solutions was found to be

26600 Au/M.
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5.3 Electrochemical detection of Neomycin

5.3.1 Novel electrode preparation

The novel PAAGO/SPCE electrode was prepared by electrodepositing PAAGO nanocomposite

onto a screen printed carbon electrode (SPCE).

5.3.2 Experimental
Experiments on the electroanalytical response of neomycin were studied using Square Wave

voltammetry (SWV) with the modified electrode in 0.1 M HCI.

OpM
— 0.5uM
1uM
1.5uM
2.0pM
\ 2.5uM
3.0uM
3.5uM
4uM
— 4.5uM
5uM

-30 -

/A

-60 -

-0.5 0.0 0.5
E/V vs Ag/AgCl

Figure 5.12: Current response measured by SWV at PAA/GO as a function of increasing

concentration of neomycin, in 0.1 M PBS at pH =7, vs Ag/AgCl, scan rate 50 mV/s
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The neomycin current response at the PAA/GO is displayed in figure 5.12, showed a well-
defined reductive peak with the peak potential of -0.24 V. The reductive peak at -0.24 V

increased with the increasing concentration of the neomycin onto the PAA/GO.
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Figure 5.13: Full calibration curve for neomycin at PAA/GO electrode, n =3

measurements

The full calibration curve in figure 5.13 shows the increase of the current response at lower

concentration to higher concentration. The linear response (0.5-3 uM) region was then fitted
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linear regression line to evaluate the analytical performance of the PAA/GO electrochemical

sensor towards the detection of neomycin.
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Figure 5.14: linear plot of the current response of neomycin in the range 0.5-3 uM

The linear plot in figure 5.14 was used to study the analytical performance of the PAA/GO
towards the detection of neomycin in the aqueous medium. The electrochemical detection of
neomycin in the aqueous medium using SWV was performed n=3 times, the 3 experiments had
the following LODs 1.79x10° M, 1.21x10® and 8.11x10". The average LOD s/n=3 for PAA/GO

sensor towards the detection of neomycin was found to be 1.067x10° M and the sensitivity of
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the sensor was 9.1221 A/M. The analytical performance of the PAA/GO electrochemical sensor

was then compared to the reported chemical sensor in the literature.

Linear range | LOD LOQ Sensitivity | Author
Electrode

9 nM-7 uM 7.63 nM 22.89 nM Not Huang et al,
Chitosan AgNPs/

reported 2013

graphene-MWCNTSs
(chemically
imprinted)

0.5-3 uM 1.07 uM 9.27 uM 9.12 A/M | This study
PAA/GO

Table 5.2: Analytical performance of PAA/GO chemical sensor compared to published data for

neomycin detection

The analytical performance of PAA/GO chemical sensor compared to the analytical performance
of chemical sensors that are already published is displayed in the above table 5.2. There are
fewer studies reporting electrochemical sensors for the detection of neomycin, compared to
norfloxacin. The PAA/GO chemical sensor was comparable to the published LOD considering
that the PAA/GO is a much easier chemical sensor to make compared to the more complex

chemical sensors that have been reported in the literature (Huang et al, 2013).

The reduction peak current of neomycin at -0.24 V (vs Ag/AgCl) was assigned to the reduction
of the OH functional groups in the neomycin chemical structure. The mechanism below (figure
5.15) proposed the pathway for a one electron and one proton redox reaction. The reduced form

of neomycin may cause the same antibiotic resistance as neomycin.
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Figure 5.15: Reduction mechanism of neomycin
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Figure 5.16: a UV-vis spectrum of 2 pM neomycin before and after it was

electrochemically scanned in the reductive scan in 0.1 M PBS pH=7 at 50 mVs.



UV-vis spectra of neomycin before (unreduced) and after (reduced) it was electrochemically
scanned reductively, using SWV shows that no new product is formed during the reductive
scanning of neomycin using the SWV at 50 mVs. The reduction energy results in peripheral
electron exchange that leaves the bulk structure intact. The Uv-vis spectra together with the
SWYV response suggests that neomycin undergoes a temporary electronic state which gives rise
to the neomycin current signal, making it a non-destructive technique for neomycin detection

and quantification.
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Chapter 6:

Conclusions

Polyamic acid and graphene oxide were successfully synthesized, polyamic acid was synthesized
in situ polymerization combining ODA and PMDA forming a yellow powder and Graphene
oxide synthesized using the Hummer’s method. The polyamic acid-graphene (PAA/GO)
nanocomposite was formed by combining polyamic acid and graphene oxide. PAA ,GO and
PAA/GO were characterized using Scanning electron microscopy (SEM) ,Fourier Transform
infrared spectroscopy (FTIR) ,Cyclic voltammetry (CV), and Square wave Voltammetry (SWV).
The SEM was used to study the morphology of the GO PAA and PAA/GO, the SEM image of
PAA a typical clustered structure of a polyamic acid which confirmed the successful synthesis of
PAA. The SEM of GO showed a laminar wrinkled surface of graphene and sheets stacked

together to form a multilayered structured.

The SEM image of PAA/GO confirmed the successful incorporation of GO into the PAA
structure ,the image showed PAA which appeared to be coating the GO structure resulting in the
PAA/GO islands interrupting the laminar structure observed in the unmodified GO. FTIR
spectroscopy confirmed the chemical structures of PAA and GO, also confirmed the functional
groups associated with PAA and GO. Cyclic voltammetry (CV) and Square wave voltammetry
(SWV) provided evidence on the successful synthesis polyamic acid and graphene oxide by
studying their unique electrochemical behavior. CV and SWV confirmed the successful
formation of PAA/GO nanocomposite, the electrochemical behavior of PAA/GO showed a
combined electrochemical behavior of PAA and GO. Electrochemistry of PAA/GO

nanocomposite retained the functional groups of both PAA/GO.
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From literature the electrochemical sensors for the detection of norfloxacin which were
developed earlier include poly (methyl red) film modified GCE and MWCNT/nafion/GCE were
found to have an LOD of 1.0x107 M and 5x107 M respectively. The newly developed
electrochemical sensors include CuO nanoleaves MWCNT composite and Edge plane pyrolytic
graphite sensor found to have a LOD of 3.21x10”'M and 2.8x10”" M. The electrochemical sensor
based on chitosan AgNPs-MWCNTSs (chemically imprinted) developed for detecting neomycin
had a LOD of 7.63 nM. LC-MS/MS is the advanced method used to detect both norfloxacin and
neomycin residues, for which the LOD ranges from <100 ng/L and 1-22 ng/L for neomycin and

norfloxacin respectively.

According to WHO for pharmaceuticals in water, these compounds have been reportedly found
in places such as hospital wastewaters, wastewater treatment plants and surface waters all over
the world with concentrations ranging from approximately 60-120000 ng/, 2-580 ng/L and 5-
1300 ng/L respectively. Norfloxacin is mostly found in surface waters in the concentration range
of <120 ng/L. The maximum levels for permissible residual fluorogquinolones including
norfloxacin in ppm are zero. Neomycin concentrations in water systems have not yet been
reported. For consumer protection, the European (EU) established neomycin residual limits
(MRL) for animal edible tissues, 500 pg/kg for meat, fat, liver ,eggs and 1500 pg/kg for kidney.
The method used to study neomycin in real samples is LC-MS-MS had an LOD of 2-13 pg/L for

9 aminoglycosides including neomycin.

The PAA/GO electrochemical sensors in this work was prepared by simple electrodeposition of
PAA/GO onto screen printed carbon electrodes (SPCE). The electrochemical detection of
norfloxacin and neomycin were done using the Square wave voltammetry (SWV), a fast

reproducible and reliable technique. This was demonstrated by the small standard deviation per
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sample set (n=3). Well resolved signals for neomycin (-0.24V) and norfloxacin (0.85V) were
obtained in phosphate buffer solution (PBS). For comparison norfloxacin and neomycin were
also analyzed using a standard analytical method Uv-vis spectroscopy. The LOD determined
from Uv-vis spectroscopy calibration curves were 1.61x10™° M and 1.41x10™ M for norfloxacin
and neomycin respectively. The PAA/GO electrochemical sensor had a LOD of 3.37x10” M for
norfloxacin and 1.066x10° M for neomycin. This represents a 100 fold improvement in the LOD
using the electrochemical sensor. Even though the information for the regulation of these
antibiotics specifically are sparse, the analytical performance of the PAA/GO sensors in terms of
LOD, LOQ and sensitivity illustrates that these sensors provide a cost-effective, reproducible and
fast analytical tool for screening of water samples for neomycin and norfloxacin (and possibly

other) residues.

Future work

We will focus on application of the novel chemical sensors to real sample analysis and develop a
prototype for a portable onsite monitoring tool to assess antibiotics and other environmental
pollutants. Portable potentiostats that are compatible with the sensors developed e.g. PalmSens
electrochemical interface, may be used together with screen printed carbon electrodes modified
with PAA/GO nanocomposite to detect the selected antibiotic residues in real sample in the
agriculture sector and medical wastewater. This introduces the capability of taking the lab to the
point of contamination for the evaluation of multi-element chemical composition using simple

sensor technology.

Simulation and recovery studies (spiked real samples) are required to test the technology in a

realistic context. Collaboration with colleagues (i.e. Agricultural Research Council) will be
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necessary for developing real time sampling protocols and evaluating on site analysis efficiency
and reliability. The multi-array chemical sensor technology will be evaluated in parallel to

current standard protocol for antibiotic residue evaluation.

The efficiency of the multi-array chemical sensor system will be evaluated both from real sample
analysis and laboratory trials with a view to develop predictive models for monitoring these
pollutants in environmental and industrial waters. Measurements from multi-array chemical
sensor technology may then be employed as both predictive signaling and monitoring within the

established analytical performance range.
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