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Fig. 1

Scheme diagrams of HRP-coated fiber-optic SPR sensor and light transmission in fiber. (a) Internal environment of sensor

without H,0,; (b) internal environment of sensor with H,0,
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Fig. 2 Flowchart of fabrication of sensor
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Fig. 3 Schematic diagram of sensor measurement system

K4 KBS SEM E L () BOGEF ; (b) R EZ ERGLT s (o) B BEKEE LA () IR R E R Z B HOLLF ; (e HRP BE64r; (D AW A
e Wy b o e £
Fig. 4 SEM images of surface topography. (a) Bare fiber; (b) polymerized polydopamine fiber; (c) gold-coated fiber; (d) secondary

polymerized polydopamine fiber; (e) HRP-coated fiber; (f) phenol oxidation product attached fiber
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Table 1 EDS characterization of surface element content of different optical fiber samples (mass fraction) unit: %
Type of fiber Si O C N Au Fe
Bare fiber 49.71 50. 29 0 0 0
Polymerized polydopamine fiber 38.83 40. 81 18.40 1. 96 0
Gold-coated fiber 33.67 23.75 13.30 0.44 28.84 0
Secondary polymerized polydopamine fiber 29.59 31.02 18.17 1.85 19. 37 0
HRP-coated fiber 23.42 34.43 20.78 2.09 19.22 0.06
Phenol oxidation product attached fiber 21.11 33.78 27.89 1.75 15. 44 0.03
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Fig. 5 EDS energy spectra of optical fiber surface. (a) Bare fiber; (b) polymerized polydopamine fiber; (¢) gold-coated fiber;

(d) secondary polymerized polydopamine fiber; (e) HRP-coated fiber; (f) phenol oxidation product attached fiber
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Fig. 6

Output spectra and sensitivity of prepared sensors under different polydopamine polymerization time and temperatures.

(a) Output spectrum and (b) sensitivity of prepared sensors under different polydopamine polymerization time; (c) output

spectrum and (d) sensitivity of prepared sensors under different polydopamine polymerization temperatures

JHig 58 45 I [B] 1 3R A 18 2 4993 24 20 min Fl 25 CH#EAT .
4.2.2 Aok BUR R B RT A A AE R B2 AR 09 %R
R T B AL IR R R 7 B R R 2 R R A ]

() 81 . -
i
80r s
17
=3E] ~ L
© Pl A7
C 78F A
8 2 F
.‘é 77F ~ _ _- R
@ -7 17 ——0h
8 76 S ---1h
omsh N o —-—-2h
“"'.-., - . -
e an
500 550 600 650 700
Wavelength /nm

FE E CHRP BT & 8 0. 15 mg/mL HRP [& 22 i}
)2 2 hBsE A5 1 4 8 oK UL W 86 BsF ] X6 4% S 2 i 114
i e R SR, LI A5 R A 7 ROR .

(] 20l —u—0h
—e—1h

g | —A—2h

§15- —v—3h

.(D

_alo-

£

e 5

[3) L

3

=

(=)

| |
0 20 40 60 80 100
Phenol concentration /(mg-L")

T AN T 4 8 oK R R BRIk ] ot 98 £ 20 S o 338 10 SRBURE © Ca) o 38 5 (b) RO

Fig. 7 Output spectrum and sensitivity of prepared sensors under different AuNPs adsorption time. (a) Output spectrum; (b) sensitivity
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Fig. 8 Output spectra and sensitivity of prepared sensors under different HRP concentration and fixation time. (a) Output spectrum

and (b) sensitivity of prepared sensors under different HRP concentration; (c¢) output spectrum and (d) sensitivity of prepared

sensors under different HRP fixation time
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Abstract

Objective As an important chemical raw material, phenol is widely used in the industrial production of pesticides, dyes,
plastics, etc. However, phenol is also a major pollutant in environmental groundwater and surface water. Therefore, the
development of online sensors for selective and accurate detection of phenol concentration in water is crucial to protect the
water environment and human health. In order to realize online detection of the concentration of phenolic compounds in
water, electrochemical, photoelectrochemical, and fiber-optic sensors have been widely studied. Among them, the fiber-
optic sensor is one of the most promising sensors for online detection of the concentration of phenolic compounds due to its
advantages of long-distance transmission, anti-electromagnetic interference, quasi-distributed measurement, etc.
However, fiber-optic sensors with photocatalyst or oxidase have low selectivity for the catalysis or oxidation of phenol,
which makes the sensor not selective for the detection of phenol in water. In addition, there is no report on the
development of horseradish peroxidase (HRP)-coated fiber-optic phenol concentration sensor. Therefore, it is necessary to
develop an HRP-coated fiber-optic sensor with high sensitivity and selectivity for detecting phenol concentration by using

silica optical fibers.

Methods To increase the sensitivity and selectivity of the fiber-optic sensor for phenol concentration, a novel surface
plasmon resonance (SPR) fiber-optic biosensor composed of horseradish peroxidase (HRP)-coated SPR optical fiber and
phenol permeable membrane was created. In order to obtain HRP-coated SPR fibers, first, a layer of polydopamine was
polymerized on the surface of the optical fibers, which was used to adsorb gold nanoparticles to form a gold film to
stimulate the SPR effect, and then the polydopamine was polymerized on the surface of the gold film to immobilize HRP.
Second, the phenol permeable membrane prepared with PEBA2533 and B-cyclodextrin was sealed on the HRP-coated
fiber. Third, an online analytical platform for detecting the phenol in water was constructed by using polymethyl

methacrylate (PMMA) plates. Fourth, the principle of phenol detection by the sensor was analyzed. Fifth, scanning
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electron microscope (SEM) and energy dispersive spectroscopy (EDS) were used to characterize the surface morphology

and elements of the samples. Furthermore, the influence of the preparation conditions of the sensor on its performance was
studied experimentally. Lastly, the output spectrum, sensitivity, response time, selectivity, and detection limit of the

sensor were tested.

Results and Discussions The experimental results highlight that when the HRP-coated fiber-optic biosensor was
prepared under the optimum conditions and the sampling time of the biosensor was set to 300 s, the sensitivity and lower
detection limit (LOD) of the prepared sensor reached 224. 84 pm+-mmol '-L and 159 nmol/L, respectively (Fig. 9). The
optimum conditions were set as follows: 1) the polymerization time and temperature of the polydopamine were 20 min and
25 °C, respectively (Fig. 6); 2) the adsorption time of gold nanoparticles was 3 h (Fig. 7); 3) the concentration and fixation
time of HRP were 0. 10 mg/mL and 3 h, respectively (Fig. 8); 4) the thickness of the phenol permeable membrane was
30 pm. The good sensitivity and LOD of the prepared biosensor were generated by the strongest SPR resonance intensity
caused by the formed gold film and oxidized products (insoluble polymer) with a higher refractive index than the phenol (the
products were produced during the reaction between the phenol and HRP with the assistance of H,0,). The prepared
phenol biosensor also showed high selectivity in the 4-chlorophenol, 4-fluorophenol, 2, 4-difluorophenol, 2, 4-
dichlorophenol, 2, 4, 6-trichlorophenol, 2, 3, 5-trifluorophenol, NaCl, urea, and glucose solutions. The good selectivity
of the biosensor can be attributed to the fact that the phenol permeable membrane prepared with PEBA2533 and

B-cyclodextrin shows high phenol selectivity and permeability.

Conclusions In this paper, a novel SPR fiber-optic biosensor with high sensitivity and selectivity for detecting the
concentration of phenol in aqueous solutions was developed. The sensor used HRP to catalyze H,O, to oxidize phenol, so
as to produce an insoluble polymer that adheres to the surface of the optical fiber, make the refractive index on the surface
of the optical fiber change, and increase the shift of the SPR wavelength and sensitivity of the sensor. At the same time,
the phenol permeable membrane prepared with PEBA2533 and B-cyclodextrin was sealed on the HRP-coated fiber, which
promoted the sensor to achieve selective detection of phenol in water. The research in this paper will promote the
development and engineering application of optical fiber sensing technology and phenol concentration online detection

technology.

Key words sensors; phenol concentration; horseradish peroxidase; surface plasmon resonance effect; phenol permeable

membrane; fiber-optic sensor; selectivity
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