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An optical chemical sensor for the determination of formaldehyde in fish was developed based on 

bis(2-oxidobenzylidene)benzenesulfonohydrazide) nickel(II) (Ni(SALBSH)2). The Ni(SALBSH)2 

complex was immobilised onto a PVA/Chitosan membrane and designated as Ni(SALBSH)2–

PVA/Chi Probe. The absorbance intensity of the Ni(SALBSH)2–PVA/Chi Probe decreased at a 

wavelength of 326 nm in the presence of formaldehyde. The reaction of the Ni(SALBSH)2–

PVA/Chi Probe and formaldehyde was optimal at pH 5 and a complex concentration of  

300 mgL–1. The dynamic range of the Ni(SALBSH)2–PVA/Chi Probe for formaldehyde 

was 20 – 500 mgL–1, and the limit of detection was 2.52 mgL–1. This probe is suitable for 

detecting individual analytes in clean aqueous solutions but is not directly applicable to complex 

matrices, such as fish homogenates. 
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Fish offers numerous nutritional benefits that make 

it a valuable component of a healthy diet [1].  

According to [2], the recognised nutrients contained 

in fish, such as a high concentration of omega-3 fatty 

acids, have essential functions in the body and are 

associated with a lower risk of all-cause mortality. 

However, despite the nutritional values present in 

fish, the toxicity of formaldehyde in fish is a well-

known concern [3]. Formaldehyde is an intensely 

reactive solution or gas that is colourless, flammable, 

highly irritating, and asphyxiating [4]. It belongs to 

the aldehyde group, which has a pungent scent and is 

widely recognised as a poisonous substance that can 

affect human health [5].  

 

Formaldehyde is commonly used by illicit 

traders in the pharmaceutical, wood, and textile 

industries and has also been used as a food  

preservative, especially in aquatic goods [6], [7]. 

Specific properties of formaldehyde, such as  

preservation, disinfection, and bleaching, have led 

to its use in various industries, including paint,  

cosmetics, foodstuffs, and adhesives. In comparison, 

formaldehyde, a known carcinogen, has been used as 

an industrial preservative in several foods, such as 

beef, fruits, and seafood [5]. In addition, formaldehyde 

has been ranked by the World Health Organization 

(WHO) as the third highest indoor chemical pollutant. 

More specifically, formaldehyde can cross-link proteins 

and DNA molecules through a stable methylene 

bridge owing to its powerful capability of being a 

highly reactive carbonyl species [8, 9]. Formaldehyde 

contaminants in food and the atmosphere may also 

pose a significant threat to human life and health [4]. 

Formaldehyde solution is intentionally sprayed or 

dipped in fish to extend shelf life, stiffen, keep them 

looking new, and avoid spoilage [10]. The European 

Food Safety Authority (EFSA) has summarised the 

formaldehyde level in food, namely meat and poultry 

is 5.7–20 mg kg−1 , fish is 6.4–293 mg kg−1, milk and 

milk-based products is 0.01–0.80 mg kg−1, sugar and 

sweeteners is 0.75 mg kg−1, fruit and vegetables are 

6–35 mg kg−1, coffee is 3.4–16 mg kg−1 and alcoholic 

beverages is 0.27–3.0 mg kg−1 [11, 12]. 

 

Studies have shown that abnormal accumulation 

of formaldehyde in humans can lead to a number 

of diseases, such as asthma, chronic liver disease, 

heart disease, Alzheimer's disease, lung cancer,  

nasopharynx, nasal oropharynx, and stomach [3]. 

Therefore, it is necessary to detect formaldehyde in 

fruit, water, and indoor environments easily and 

accurately [4]. In recent years, numerous methods 

have been developed for monitoring formaldehyde 

levels, including spectrophotometry, electrochemistry, 

and chromatography, which are reliable and consistent 

but entail complex, high-cost, and time-consuming 

procedures. There is also an urgent need to discover 
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a new method to measure the concentration of  

formaldehyde in food products [13, 14]. 

 

Over the last few decades, a range of analytical 

and testing approaches have been researched and 

developed to detect formaldehyde, such as colorimetric 

assays, gas chromatography, gas chromatography-

mass spectrometry, and ultraviolet spectroscopy 

[15 – 17]. However, they typically suffer from certain 

drawbacks, including poor sensitivity, complicated 

procedures, and the need for intrusive destruction of 

biological tissues [4]. According to Kucukoglu et al. 

[18], the development of new hydrazone compounds 

has demonstrated that they exhibit a broad range 

of biological functions, such as antimicrobial, 

anticonvulsant,  antidepressant,  antiplatelet,  

antimalarial, anticancer, antifungal, antitubercular, 

antiv ira l ,  ant i - inf lammatory,  ana lges ic ,  and  

cardioprotective activities. Hydrazones / azomethine 

imines represent a significant class of compounds 

for the production of novel drugs. A number of  

researchers have prepared and analysed the biological 

behaviours of hydrazones [19 – 20]. 

 

In the study conducted by Lijun et al. [21], 

a new Rhodamine B hydrazide hydrazone was 

synthesised and investigated as a colorimetric and 

fluorescent “off-on” sensor for the recognition of Cu2+ 

in CH3CN/H2O (1:1 v/v). The study showed that the 

new rhodamine B-based sensor exhibited highly 

selective and rapid Cu2+ recognition behaviour via 

colorimetric and fluorescent detection modes. This 

study also shows that hydrazone derivative such as 

benzenesulfonylhydrazone has a property for sensing 

reagent. This study focused on highly stable metal 

complexes as sensing reagents. The complex 

used was a metal complex of salicylaldehyde 

benzenesulfonylhydrazone. The stability criteria of 

this complex provide an opportunity to overcome 

the leaching problem in the immobilisation process. 

 

EXPERIMENTAL 

 

Chemicals and Materials 

 

All chemicals, namely 37% formaldehyde/formalin, 

chitosan, polyvinyl alcohol, acetic acid, potassium 

chloride, ammonium acetate, and sodium carbonate, 

used in this study were purchased from Sigma Aldrich 

and Systerm. All solutions were prepared using 

double-deionised water. All chemicals were of 

analytical grade and used without further purification.  

 

Preparation and Characterisation of Ni(SALBSH)2 – 

PVA/Chi Probe. 

 

Chitosan solution (2%) was prepared with mixture of 

chitosan and acetic acid (1 %) undergoes 24 hours 

continuous stirring for homogeneous. Polyvinyl  

alcohol was prepared by dissolved powder of PVA 

into 100 mL hot distilled water and stirred for 30 

minutes until homogeneous achieved. The metal 

complex of bis(2-oxidobenzylidene) benzenesulfono-

hydrazide) nickel(II), known as Ni(SALBSH)2, was 

synthesised using the method described by Juahir et al. 

(2009) [22]. The immobilisation of Ni(SALBSH)2 

(light green colour) was prepared by mixing 7 mL 

of chitosan (1%), 7 mL of PVA (5%), 0.025 mL of 

glutaraldehyde, and 6 mL of 1000 mg/L Ni(SALBSH)2. 

The mixture was then stirred for 30 minutes. Then, 20 

mL of the mixture was poured into a Petri dish and left 

overnight to dry. The membrane was peeled off and 

cut into 1.5 cm × 3.0 cm pieces for further studies. 

Three PVA: Chitosan ratios by volume (v/v) were 

prepared: 1:1, 1:2, and 2:1. The obtained membranes 

M1 (1:1), M2 (1:2), and M3 (2:1) with Ni(SALBSH)2 

were known as Ni(SALBSH)2–PVA/Chi Probes and 

were kept in sample bottles for further experiments. 

In this study, the probes of Ni(SALBSH)2–PVA/Chi 

were characterised using FTIR Thermo Nicolet 6700 

spectrophotometer in the range of 400 – 4000 cm-1 at 

room temperature using ATR method. The surface 

morphology of the probe was studied using an optical 

polarising microscope (OPM).  

 

Sensing Characterisation of Ni(SALBSH)2–PVA/ 

Chi Probe 

 

The sensing characterisation was analysed by  

studying the response of the Ni(SALBSH)2– PVA/Chi 

Probe against formaldehyde which includes the 

optimum PVA/Chi ratio, pH, optimum Ni(SALBSH)2 

concentration, leaching study, response time, effect of 

formaldehyde concentration, interference study, and 

dynamic range and performance of the probe against 

formaldehyde in real samples. The response of the 

Ni(SALBSH)2–PVA/Chi probe to the presence 

of formaldehyde in aqueous solution was tested 

using an Agilent UV-Visible Spectrophotometer. 

The absorbance spectrum of the membrane was 

recorded before and after the reaction with 

formaldehyde. This was done by immersing 

the Ni(SALBSH)2–PVA/Chi probe in 500 mgL–1 

formaldehyde for 5 minutes. The probe was then dried 

and the absorbance spectrum was recorded using UV-

Vis spectrophotometer. The difference in absorbance 

intensity at 326 nm before and after the reaction with 

formaldehyde was calculated using Equation 1 and is 

known as the relative absorbance. 

 

Relative Absorbance = Io – If (1) 

 

If = Absorbance intensity after reacting with analyte 

Io = Absorbance intensity before reacting with analyte 

 

A sensing response study of the Ni(SALBSH)2– 

PVA/Chi probe with different PVC/Chi ratios (M1, 

M2, and M3) against formaldehyde was carried out 

by immersing the probe in 500 mgL–1 formaldehyde 

for 5 minutes. The pH of the formaldehyde solution 

was adjusted using several buffer solutions with pH 

values of 2 (HCl and KCl), 3 – 5 (acetate buffer), 6 – 

8 (phosphate buffer), and 9 – 10 (Trizma base, HCl, 
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and NaOH). A probe was immersed in a 500 mgL–1 

formaldehyde solution at different pH values. The 

absorbance spectrum was recorded after 5 minutes. A 

study of the optimum concentration of the reagent was 

carried out in the range of 200 to 500 mg/L. The 

reagent Ni(SALBSH)2 at different concentrations 

was immobilised into PVA/Chitosan separately. Each 

membrane (fixed size) was immersed in 500 mgL–1 

formaldehyde and a buffer solution (pH 5) separately. 

For the response time study, the Ni(SALBSH)2–

PVA/Chi Probe was immersed in 500 mgL–1 

formaldehyde at optimum pH for 30, 60, 90, 120, 180, 

240, 300, and 360 seconds. After a certain time, 

the probe was dried and the absorption spectrum 

was recorded using UV-Vis spectrophotometer to 

determine the absorbance intensity after the reaction. 

A dynamic range study was performed to investigate 

the effect of varying the concentration of formaldehyde 

on the response of the Ni(SALBSH)2–PVA/Chi 

Probe. The concentration of formaldehyde was varied 

from 50 mgL–1 to 1000 mgL–1. The Ni(SALBSH)2–

PVA/Chi Probe was immersed in 50 – 1000 mgL–1 

formaldehyde for 180 s separately. The Ni(SALBSH)2 

– PVA/Chi Probe was then dried before the absorption 

spectrum was recorded using UV-Vis spectrophoto-

meter. The Ni(SALBSH)2–PVA/Chi Probe was tested 

for reagent leaching. The probe was immersed in 3 mL 

of acetate buffer solution (pH 5.0) for 0, 0.5, 1, 2, 3, 5 

and 24 hours prior to the evaluation of membrane 

performance with 500 mg/L formaldehyde. The 

absorbance intensity of the acetate buffer solution 

was recorded after immersion of the membrane. 

All experiments for the sensing characterisation 

were performed using an Agilent UV-Visible 

spectrophotometer. Relative absorbance was applied 

for all sensing characterisations of the Ni(SALBSH)2–

PVA/Chi probe against formaldehyde in an aqueous 

medium.  

 

RESULTS AND DISCUSSION 

 

Characterization of Ni(SALBSH)2 Complex 

and Ni(SALBSH)2–PVA/Chi Probe  

 

Figure 1 shows the FTIR spectra of the free hydrazone 

ligand (SALBSH) and Ni(SALBSH)₂ complex. The 

most significant structural difference was detected in 

the wavenumber range above 3000 cm–1. The free 

ligand exhibited a broad absorption band at 3150–

3200 cm–1, attributed to the phenolic v(O–H) and/or 

hydrazide v(N–H) stretching vibrations. However, 

this band was not visible in the spectrum of the 

Ni(SALBSH)₂ complex. According to Lira et al. 

(2025) [23] and Kalla et al. (2024) [24], the  

disappearance this phenolic v(O–H) band confirms 

the phenolic deprotonation process and the formation 

of a covalent Ni–O bond through the coordination 

of the phenolate oxygen atom. 
 

 

 

 

 
 

Figure 1. The FTIR Spectra of ligand (SALBSH) (a) and Ni(SALBSH)2 complex. 
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Figure 2. The molecular structure of metal complex bis(2-oxidobenzylidene)benzenesulfonohydrazide) nickel(II). 

 

 

 

Furthermore, a shift in the azomethine stretching 

vibration occurs, where the sharp C=N bond band in 

the free ligand (1618 cm⁻¹) undergoes a bathochromic 

shift to 1600 cm⁻¹ after complexation. This downward 

shift (Δv  18 cm–1) confirms the donation of the 

azomethine nitrogen's lone pair of electrons into the 

empty 𝑑  orbital of the Ni(II) ion (N→Ni). This 

condition reduces the electron density and weakens 

the intrinsic force constant of the C=N bond, as 

reported by Juahir et al. (2008) [25], Firmansyah et al. 

(2023) [26], and Vennila et al. (2024) [27].  

Meanwhile, the shift of the phenolic stretching 

vibration, v(C–O), from 1250 cm–1 to 1290 cm–1 

further supports the involvement of the phenolic 

oxygen atom in the coordination bond formation. 

Figure 2 shows the full structural configuration of 

the Ni(SALBSH)₂ complex. 

 

The symmetric sulfonyl stretching vibration, 

vs(SO2), located at ~1150 cm–1, remained unshifted 

in the FTIR spectra of both the free SALBSH ligand 

and the Ni(SALBSH)₂ complex. This confirms that 

the sulfonyl group functions as a non-coordinating 

spectator substituent. In contrast, the emergence 

of weak new absorption bands in the lower  

wavenumber region (< 600 cm–1) provides direct 

evidence for metal–ligand bond formation, assigned 

to v(Ni–O) and v(Ni–N) stretching modes. Overall, 

the absence of the phenolic 𝜈(O–H) band, the 

observed shifts in the v(C=N) and v(C–O) vibrations, 

alongside the appearance of new metal–ligand 

bands, collectively verify the successful synthesis 

of the Ni(SALBSH)₂ complex. 

 

The PVA/Chitosan membrane displayed a 

strong, broad peak at approximately 3300 cm⁻¹  

(3200–3500 cm–1), which was attributed to overlapping 

v(O–H) and primary amine v(N–H) stretching 

vibrations. According to Kadir et al. (2011) [28], 

this broad profile indicates comprehensive intra- 

and intermolecular hydrogen bonding within the  

host blend. The retention of this broad band in the 

Ni(SALBSH)₂–PVA/Chi probe confirms that the 

underlying polymer network remains structurally  

intact after immobilisation. 

 

Successful immobilisation was confirmed 

in the fingerprint region (1000–1700 cm–1) region. 

While the blank PVA/Chitosan matrix displayed a 

broad, simple absorption profile, the Ni(SALBSH)₂–

PVA/Chi probe exhibited a composite spectrum 

featuring newly emerged sharp peaks at 1600 cm–1, 

1350 cm–1, and 1150 cm–1. These peaks serve as 

spectroscopic footprints for the coordinated metal-

sulfonylhydrazone complex (aromatic C=C, azomethine 

C=N, and symmetric SO2 modes) [25, 27]. Additionally, 

subtle frequency shifts and intensity fluctuations 

observed in the C–O–C/saccharide ring stretching 

region (1000–1100 cm–1, attributed to PVA C–O 

and chitosan pyranose) signify non-covalent physical 

encapsulation, electrostatic interactions, and hydrogen 

bonding between the host functional groups 

(–OH/–NH₂) and guest molecules [23, 24]. The 

clear and sharp peaks observed in the wavenumber 

range of < 900 cm–1 verify that the guest molecules 

are uniformly dispersed throughout the matrix. 

The preservation of the host polymer structure  

and the emergence of new coordination bands 

in the FTIR spectrum of the Ni(SALBSH)₂– 

PVA/Chi probe demonstrate the successful  

immobilisation of the Ni(SALBSH)₂ complex in the 

PVA/Chi membrane. 
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Figure 3. The FTIR spectrum of PVA/Chitosan membrane (M1) (a) and Ni(SALBSH)2–PVA/Chi Probe (M1) (b). 

 

 
 

Figure 4 shows the images of PVA/Chitosan 

membranes with different ratios (M1, M2, and M3). 

The PVA/Chitosan membrane (M1) exhibited a highly 

uniform, smooth, and homogeneous phase distribution. 

This structural homogeneity maximises the interfacial 

surface area while minimising steric hindrance, thereby 

facilitating unhindered analyte diffusion into the 

polymer matrix [29]. Consequently, this well-blended 

configuration promotes an optimal and uniform 

dispersion of the active Ni(SALBSH)2 complex 

throughout the matrix. The image also shows that 

membrane M1 exhibited the minimum cracking effect, 

and the surface was the smoothest compared to M2 and 

M3. Higher PVA loading increases the crystallisation 

tendency of the membrane, which inhibits polymer 

chain mobility and accelerates microcracking across 

the matrix [30]. Therefore, the blend ratio utilised 

in membrane M1 provides the necessary balance 

of polymer compatibility and structural morphology 

to achieve effective formaldehyde sensing.  
 

 

 

   
M1 M2 M3 

 
 

Figure 4. Optical microscopic image of Ni(SALBSH)2–PVA/Chi Probe with different ratio of PVA: 

Chitosan (M1, M2, M3). 
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Figure 5. The absorption spectra of Ni(SALBSH)2–PVA/Chi Probe M1 before (a) and after (b) reaction with 

formaldehyde. λmax = 326 nm, formaldehyde concentration = 500 mgL–1. 

 

 

 

The Absorbance Spectrum of Ni(SALBSH)2 –

PVA/Chi Probe 

 

The ultraviolet–visible spectrum of the Ni(SALBSH)2– 

PVA/Chi Probe against formaldehyde is shown 

in Figure 5. The absorbance intensity of the  

Ni(SALBSH)2–PVA/Chi Probe at 326 nm decreased 

after the reaction with the formaldehyde solution. 

The decrease in absorbance upon reaction with  

formaldehyde in the nickel complex arises from 

the disruption of metal–ligand charge transfer and 

coordination, whereas the reaction with the free 

ligand does not significantly alter its chromophoric 

system [31]. 

 

Optimization of PVA/Chitosan Ratio 

 

The PVA/Chitosan membrane M1 exhibited the 

highest relative absorbance, indicating an outstanding 

sensing interaction with formaldehyde compared to 

M2 and M3 (Figure 6). The decreased in optical 

performance can be directly elucidated by the surface 

morphologies detailed in the optical microscopic 

images (Figure 4). The surface morphologies of M2 

and M3 induced extensive light scattering during 

spectrophotometric measurements, which directly 

contributed to their much lower relative absorbance 

intensity [32]. Thus, membrane M1 was used for 

further experiments in the sensing characterisation. 

 

 

  
 

Figure 6. Relative Absorbance of Ni(SALBSH)2–PVA/Chi Probe with different PVA/Chitosan composition 

(%v/v). The concentration of formaldehyde = 500 mgL–1, λmax = 326 nm. 
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pH Study and Optimum Concentration of Reagent 

 

The effect of pH on the response of the Ni(SALBSH)₂– 

PVA/Chi probe was investigated over the pH range of 

2.0–10.0. The probe exhibited an optimum response at 

pH 5.0 in acetate buffer, as depicted in Figure 7. The 

larger error bar observed across different pH values is 

attributed to the varying ionic strengths and anion 

interactions from the distinct buffer systems (acetate, 

phosphate, and Tris) used across pH 2–10, which 

influence the swelling and light-scattering properties 

of the PVA/chitosan matrix in the low-absorbance 

regime (< 0.5 AU) [33]. In the study by Shahvar 

et al. [34], ammonium acetate was used to identify 

formaldehyde, and the optimum response was obtained 

at pH 5.5. In the study by Chaiendoo et al. [35], a 

silver-amine complex ion [Ag(NH3)2], known as the 

Tollens reagent, was used for the identification of 

formaldehyde and showed strong pH absorption at 4.5. 

Absorption levels were diminished at other pH values.  

 

Figure 8 shows that the absorbance intensity of 

the Ni(SALBSH)2–PVA/Chi Probe increased with 

increasing Ni(SALBSH)2 complex concentration. This 

increase was not reliable because the probe became 

less transparent at a concentration of 300 mgL–1 

(Figure 9). This membrane condition causes the 

maximum peak of the absorption spectrum to be 

uneven (unsmooth), and the absorbance intensity 

at 326 nm is inaccurate.  
 

 

  
Figure 7. Effect of pH on the response of Ni(SALBSH)2–PVA/Chi Probe M1 against formaldehyde. 

Formaldehyde concentration = 500 mgL–1, λmax = 326 nm. 
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Figure 8. Effect of Ni(SALBSH)2 complex concentration in PVA/Chitosan M1 against formaldehyde in aqueous 

solution. Concentration of formaldehyde = 500 mgL–1, λmax = 326 nm. 
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Figure 9. The absorption spectrum of Ni(SALBSH)2–PVA/Chi Probe M1 with 200 mgL–1 (a), 300 mgL–1 (b), 

400 mgL–1 (c), and 500 mgL–1 (d)  complex concentration against formaldehyde in aqueous medium. 

 

 

 
Figure 10. Leaching stability profile of Ni(SALBSH)₂–PVA/Chi Probe M1 in acetate buffer 

(pH 5.0) for 24 hours. 

 

 

 

A reagent concentration of 300 mgL–1 was 

chosen as the optimum because the membrane was 

more uniform and translucent and produced a smoother 

spectrum. According to the Beer–Lambert law, the 

measured absorbance is directly proportional to 

the molar absorptivity, optical path length, and  

concentration of the absorbing species at a specific 

wavelength [36, 37]. However, deviations from 

the Beer–Lambert law may occur when the physical 

characteristics of the sensing membrane change,  

particularly at higher membrane concentrations. Factors 

such as increased membrane thickness, light scattering, 

sample heterogeneity, stray light, and spectral noise 

can reduce the linear relationship between absorbance 

and concentration by affecting the transmitted light 

intensity and signal-to-noise ratio [37, 38]. Therefore, 

the 300 mg L⁻¹ membrane concentration was  

considered optimal and selected for further study. 
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Leaching Study and Steady State Response Time 

 

Figure 10 shows the leaching study of Ni(SALBSH)2–

PVA/Chi Probe. Within a 180-second (0.05 h) 

response time, complex leaching from the host matrix 

remained minimal (≤2.5%), ensuring that >97.5% 

of the active species stays operational during signal 

acquisition. Such low leaching easily satisfies the 

allowable limit (≤3–5%) required for stable optical 

sensing applications [39, 40]. 

 

Figure 11 shows the steady-state response 

times of the Ni(SALBSH)2–PVA/Chi Probe for 

500 mgL–1 formaldehyde solution. The relative 

absorbance intensity dropped sharply and recovered 

after 90 s, attaining a steady-state equilibrium at 

180 s. Fast interfacial interactions and boundary 

layer disruption at the sensor–liquid interface cause 

a steep initial decrease at t ≤ 90 s [41, 42]. This rapid 

surface binding temporarily alters the local dielectric 

microenvironment of the chromophore before full 

analyte penetration occurs. As analyte molecules 

diffuse into the bulk PVA/Chitosan matrix for  

coordination, thermodynamic equilibrium is restored, 

returning the signal to a stable baseline at 180 s [43]. 

Thus, 180 s was chosen as the steady-state response 

time. At this point, all the immobilised Ni(SALBSH)2 

complex was almost used up in the reaction, and 

further exposure to formaldehyde did not increase 

the absorbance intensity.  
 

 
 

  
 

Figure 11. Steady state response time of Ni(SALBSH)2–PVA/Chi Probe against formaldehyde. Concentration of 

formaldehyde = 500 mgL–1,  λmax = 326 nm. 
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Figure 12. Effect of analyte concentration on Ni(SALBSH)2–PVA/Chi Probe M1 response against formaldehyde 

in aqueous solution. λmax = 326 nm, time = 180 s. 
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Figure 13. Linear range of Ni(SALBSH)2–PVA/Chi Probe M1 response against formaldehyde in aqueous 

solution. λmax = 326 nm, time = 180 s. 

 

 

 

Effect of Analyte Concentration Against 

Ni(SALBSH)2– PVA/Chi Probe Response 

 

The dynamic range was determined in the  

range of 20-700 mg/L of formaldehyde solution. 

Figures 12 and 13 show the effect of analyte 

concentration on the Ni(SALBSH)2–PVA/Chi 

Probe. The relative absorbance of the membrane 

increased with increasing analyte concentration 

until 500 mgL–1. The relative absorbance intensity 

decreased drastically after 500 mgL–1. The same 

trend was reported by Tan et al. [44] in the 

determination of ammonium ions using a reagentless 

amperometric biosensor based on immobilised 

alanine dehydrogenase. The biosensor reaction 

was observed to increase the NH4
+ ion concentration 

from 10–500 mM and achieve saturation above 

500 mM NH4
+ ions. 

 

The absorbance strength decreased at  

concentrations above 500 mgL–1. The linear 

concentration of formaldehyde was estimated in 

the range of 20 – 500 mgL–1. This concentration 

range is broader than that reported by Hayun et al. 

[45], who found a range of 4 – 40 mgL–1 for the 

assessment of  formaldehyde content in  wet  

noodles and that reported by Rungroadsri et al. 

[46], who found a range of 1 – 50 mgL–1 for the 

identification of formaldehyde in food by digital 

image colorimetry. 

 

Interference and Recovery Study 
 

The response of the Ni (SALBSH) 2–PVA/Chi Probe 

was tested in the presence of formaldehyde and 

interfering ions. The results showed that the presence 

of foreign ions interfered with the detection of  

formaldehyde. Table 1 summarises the interference 

from various ions in  the determinat ion of  

formaldehyde. Carbonate and cations exhibited 

negative interference, and iron (III) and sodium 

ions were found to be the most prominent, with 

interference over 400%. This finding is conflicting, 

as Ehsan and Rehman [47] observed in their  

formaldehyde determination using a nanostructured 

nickel thin film. Two regular additions of interference 

species revealed only a few noisy fluctuations in the 

sensor signal, which can easily settle at the baseline, 

suggesting that the sensor is highly selective for the 

detection of formaldehyde. 
 

The interference study was conducted in an 

aqueous medium; therefore, the investigation focused 

on selected inorganic ions that are commonly present 

as dissolved species in aqueous samples and may 

influence the analytical response of the Ni(SALBSH)₂– 

PVA/Chi probe. The selectivity toward structurally 

related organic compounds, including other aldehydes, 

was not evaluated in this study. Consequently, the 

reported selectivity is limited to the inorganic ions 

investigated, and the assessment of potential cross-

reactivity with other aldehydes remains the subject 

of future work. 
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Table 1. Interference effect of various ions on Ni(SALBSH)2–PVA/Chi Probe M1 in detection of formaldehyde. 
 

Ions  % relative error 

*Ratio 1:10 1:1 10:1 

Fe3+  –101.99 –115.29 –480.92 

K+  –318.78 –229.02 –215.45 

Na+  –492.85 –477.68 –236.25 

NH4
+  –242.30 –200.78 –261.74 

CO3
2-  –75.07 +30.34 +143.47 

*Ratio  
Concentration of formaldehyde (mgL−1)

Concentration of foreign ions (mgL−1)
 

 

 

 

Table 2. Determination of formaldehyde in fish using Ni(SALBSH)2–PVA/Chi Probe. 
 

Fish samples Concentration of 

formaldehyde added 

(mgL–1) 

Concentration of 

formaldehyde found 

(mgL–1) 

Recovery (%) 

Red snapper 0 0.31  

 100 0.98 0.66 

Toli shad 0 0.45  

 100 0.72 0.28 

 

 

 

The sensor performance was evaluated in real 

sample analysis using the standard addition method. 

The results are presented in Table 2. The recovery 

percentages obtained were very low (< 1%) which is 

parallel to the highly interference effect. Therefore, 

the proposed sensor is best suited for the direct  

detection of formaldehyde in aqueous solutions. For 

real samples, an appropriate extraction procedure must 

be conducted prior to the application of the sensor. 

 

CONCLUSION 
 

This study demonstrates that the Ni(SALBSH) 2 

complex was successfully immobilised onto a  

PVA/Chitosan membrane ( Ni(SALBSH)2–PVA/Chi 

probe) and exhibited a good response to formaldehyde 

in aqueous solution. The presence of formaldehyde 

decreased  the absorbance in tensi ty  of  the  

Ni(SALBSH)2–PVA/Chi probe at 326 nm. The 

linearity of the probe response against formaldehyde 

was in the range of 20 – 500 mgL–1 with a detection 

limit of 2.52 mgL–1. Due to the high interference by 

common ions in real samples, the proposed sensor is 

highly recommended for the individual detection of 

formaldehyde in aqueous media and is not applicable 

to complex matrices.  
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