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Abstract

Exposure to wood smoke is associated with various adverse health problems. Biomonitoring of
smoke exposure-associated biomarkers provides accurate measurements of personally absorbed
doses. As a specific metabolite of benzene, the quantitative measurement of S-phenylmercapturic
acid (S-PMA) plays a vital role in evaluating human exposure to wood smoke. In this study,

we developed an efficient lateral flow immunoassay (LFIA) approach for accurately and

rapidly measuring S-PMA levels. Europium chelate nanoparticles (EuNPs) conjugated with
purified polyclonal sheep anti-S-PMA antibodies were employed as the fluorescent detection
probe. This work is based on a competitive immunoassay, where the target S-PMA competes
with the immobilized antigen on the test lines for the limited antigen-binding sites on EUNP-
conjugated antibodies. Due to this competition, the fluorescent intensity of the EuNPs is inversely
proportional to the concentration of the target S-PMA in the sample, enabling quantitative
measurement. Owing to the large Stokes shift, superior fluorescent brightness, and saturation

of the EUNPs, S-PMA levels can be measured with a limit of detection of 0.32 ng/mL, a detectable
range of 0.10-30 ng/mL, and a linear detection range of 0.25-30 ng/mL under optimized
conditions. Stability testing revealed that the LFIA strips can be stored at room temperature

for up to one year while maintaining excellent detection performance for S-PMA. These results
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demonstrate that the EUNP-based LFIA is a promising tool for accurate preclinical and point-of-
care evaluation of wood smoke exposure. A major advantage of this approach is its ability to
accurately analyze smoke biomarkers at anticipated low concentrations. The sensor system allows
low-cost, rapid, and on-site data collection and quantification of wood smoke exposure.

Keywords

Lateral flow immunoassay; Europium chelates nanoparticles; Wood smoke biomarker; S-
phenylmercapturic acid

1. Introduction

In recent years, wildfires have increasingly posed a threat to humans amid climate change
[1]. Smoke from these fires has exposed millions to hazardous air quality, sparking global
concern [2]. Human exposure to wood smoke is linked to humerous health issues, including
respiratory disease, cardiovascular disease, and lung cancer [3-6]. Therefore, accurately
measuring this exposure is crucial for both preclinical diagnosis and epidemiological studies.
However, effective methods for assessing the exposure levels are lacking due to the chemical
complexity and variability of ambient wood smoke [7].

As one of the most extensively studied volatile organic compounds in wildfires and
firefighting situations, benzene exhibits genotoxic, immunosuppressive, and carcinogenic
properties [8]. Given its rapid metabolism and clearance from the blood, benzene is
commonly monitored in urine, either as unmetabolized benzene (u-benzene) or through

one of its metabolites [9]. Among these metabolites, S-phenylmercapturic acid (S-PMA)
has exhibited the strongest correlation with airborne benzene levels, particularly evident

at low benzene levels [10]. The molecular formula of S-PMA is C11H13NO3S, and the
process of benzene metabolism in the human body that produces S-PMA is shown in Fig.
1[11,12]. Besides, previous studies have observed increased benzene levels in the urine of
firefighters following exposure to fire emissions, with corresponding increases in S-PMA
levels post-firefighting activities [13]. Notably, S-PMA is a specific metabolite of benzene,
suggesting that benzene originating from wildfires and urban pollution may contribute to the
overall metabolite levels detected in urine [14,15]. Consequently, the monitoring of S-PMA
levels in urine provides a viable approach for assessing benzene exposure in wildfire and
firefighting scenarios.

Human biomonitoring serves as an essential tool in evaluating individuals’ exposure

to potentially toxic chemicals, by measuring these substances and their metabolites

within the body [16-18]. It provides crucial insights in the diagnosis, treatment, and
prevention. Globally, considerable efforts have been invested in establishing biomonitoring
programs, reflecting the growing recognition of its significance in public health [19,20].

For monitoring S-PMA, researchers have developed a variety of assays, such as liquid
chromatography mass spectrometry (LC-MS) [13], liquid chromatography-tandem mass
spectrometry (LC-MS/MS) [21], high-performance liquid chromatography (HPLC) [22],
gas chromatography-mass spectrometry (GC-MS) [23], and enzyme-Linked Immunosorbent
Assay (ELISA) [24]. Although these classic assays (mainly using chromatographic
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techniques) offer high accuracy and have been proven effective for personal exposure
assessment, their practicality in scenarios such as personal preclinical testing, field
evaluation, and large-scale monitoring is limited due to the need for bulky equipment,
complex pretreatment, and cost constraints [7,25,26]. However, biosensors are attractive
alternatives to address these limitations [27,28]. As analytical devices based on biological
recognition of analytes, biosensors with various applications have been used in many fields
[28,29]. Among the array of biosensors, immunosensors, which rely on immunochemical
reaction for specific analyte detection, have proven particularly influential in food,
environmental and disease analyses [30,31]. Recently, with the increasing demand for device
miniaturization and diversified application scenarios, the lateral flow immunoassay (LFIA),
a type of paper-based immunosensor, has gained prominence owing to its affordability,
simplicity, rapid response, and visual readout [32-34]. In our previous studies, LFIA
demonstrated accurate detection of multiple targets, including pesticides such as 2, 4-
dichlorophenoxyacetic acid [35], atrazine [36], diaminochlorotriazine [37], acetochlor and
fenpropathrin [38], pathogens such as Sa/monella Enteritidis, Escherichia coli O157:H7
[39], as well as biomarkers such as cardiac troponin I-troponin C, and myoglobin [40].
These advantages make LFIA an optimal choice for the point-of-care assessment of S-PMA,
while no corresponding application has been reported.

Herein, we present the first application of LFIA for the rapid, quantitative detection of
urinary S-PMA as an alternative tool for assessing human exposure to wood smoke. The
recognition of S-PMA relied on a competitive immunoassay [41], wherein the sample
analyte competed with the coated antigen immobilized on test lines for the limited antigen
binding sites on signal reporter, resulting in a signal inversely proportional to the amount
of sample analyte. The polyclonal sheep anti-S-PMA antibody was labelled with europium
chelate nanoparticle (EuNP), which serves as a signal reporter. The proposed approach
offers several key advantages. Firstly, the LFIA approach is simple to operate, quick to
respond, making it the best choice for point-of-care testing. At the same time, as a paper-
based sensor, its low cost is also a major advantage. Secondly, since LFIA is based on
immunochemical reactions, it offers excellent selectivity and specificity. Finally, the EUNP
fluorescent label used in the study has the characteristics of large Stokes shift, narrow
emission peak and high quantum yield, thus giving the LFIA test strips higher sensitivity and
accuracy.

Experimental

2.1. Chemicals and materials

BS3 Bis(sulfosuccinimidyl)suberate (BS3), bovine serum albumin (BSA), sodium
carbonate buffer, potassium phosphate buffer, phosphate buffered saline (PBS), 2-
(N-Morpholino)ethanesulfonic acid (MES), N-Hydroxysuccinimide (NHS), 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), fetal bovine serum (FBS), donkey anti-sheep
immunoglobulin G (IgG) polyclonal antibodies, Tris-HCI buffer, Tween-20, nitrocellulose
membrane (NC membrane), porous glass fiber were bought from Sigma-Aldrich Chemical
Co. (St. Louis, MO). Europium Chelate was bought from Thermo Fisher Scientific Inc.
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(Waltham, MA). S-PMA ELISA test kit was bought from Chemitrace Consultancy (Natland,
United Kingdom).

2.2. Instruments

AKTA Fast Protein Liquid Chromatograph (FPLC) System was from Cytiva (Marlborough,
MA). Transmission electron microscopes (TEM) images were captured on an FEI Technai
G2 20 Twin equipped with a 200 KV LaB6 electron source. Nanodrop 2000 was bought
from Thermo Fisher Scientific Inc. (Waltham, MA). Fluorescent immunoanalyzer AFS-1000
was bought from Guangzhou Labsim Biotech Co., Ltd. (Guangzhou, China). BioDot

BioJet BJQ 3000 dispenser, BioDot AirJet BJQ 3000 dispenser and BioDot paper cutter
module CM4000 were bought from BioDot, Inc. (Irvine, CA, USA). A Safire-1l multi-mode
microplate reader from Tecan Group Ltd. (Zirich, Switzerland) was used for fluorescence
and absorption analysis.

2.3. Synthesis of hapten-BSA conjugate

0.025 mmol of S-phenylcysteine, 0.025 mmol of crosslinker BS3, and 50 mg of BSA were
dissolved in 5 mL of sodium carbonate buffer (pH = 9.6). The solution was stirred overnight.
Subsequently, the conjugates obtained in this manner were dialyzed against 5 changes of 50
mM potassium phosphate buffer and washed with PBS for 3 days at 4 °C for subsequent use.
Then, hapten-BSA conjugate was purified by FPLC. An ultraviolet (UV) detector was used
to measure protein concentration at an absorption wavelength of 280 nm.

2.4. Purification of S-PMA polyclonal antibody

Conjugation of hapten-BSA to the resin was performed to develop an S-PMA column for the
purification of S-PMA antibody. Subsequently, the S-PMA polyclonal antibody was purified
using FPLC and then dialyzed. Protein concentration was measured using a UV detector at
an absorption wavelength of 280 nm. The antibody was concentrated in a 50 kDa Centricon
tube by centrifugation at 3000g for 10 min and filtered through a 0.22 pm filter. The optical
density at A280 (OD@A280) of the antibodies, before and after dialysis, was measured
using Nanodrop to determine the concentrations of S-PMA antibody.

2.5. Preparation of EUNP-S-PMA antibody conjugate

Purified sheep anti-S-PMA antibody was covalently conjugated to the surface of
carboxylate-modified EUNP as follows. First, 20 uL of EUNP (1 % wi/v) and 990 uL of
MES (50 mM, pH 5.5) were mixed in a 2 mL microcentrifuge tube. Then, 25 uL of 5
mg/mL NHS and 4.8 pL of 5 mg/mL EDC were added and mixed on a rocking shaker at
room temperature for 30 min. Next, the solution was centrifuged at 41,657 g for 30 min,
the supernatant was removed, and the resulting carboxyl-activated EUNP was resuspended
in 1 mL of 10 mM PBS (pH 7.2). Afterwards, sheep anti-S-PMA antibody at a final
concentration of 4 ug/mL was added into the above solution and incubated for 1 h at
room temperature on a rocking shaker, to conjugate with EUNP. Then 100 pl of FBS was
added and incubated for additional 15 min to block the excess binding sites. Finally, the
supernatant was removed, and the remaining pellet was washed twice with PBSA (1 % BSA
added) and resuspended in 10 % FBS and 10 % sucrose in 0.1 M Tris-HCI buffer (pH
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8.2). The final EuNP-antibody conjugate (EuNP-Abs) (approx. 1 pg/mL) was stored at 4 °C
before use.

2.6. Preparation for the LFIA test strip

The sample pads (17 mm x 30 cm) composed of glass fiber were saturated with 0.1 M
Tris-HCI buffer (pH 8.2) containing 0.25 wt% Tween-20. The pads were then dried at 37

°C for 2 h and stored in the desiccator. Both the test lines and the control line, having the
same dispensing rate of 1 uL/cm, were prepared by dispensing hapten-BSA conjugate (1.0
mg/mL) and donkey anti-sheep immunoglobulin G (IgG) polyclonal antibodies (0.5 mg/mL)
at different locations on a NC membrane (25 mm x 30 cm) using BioDot BioJet BJQ 3000
dispenser. The NC membranes were then dried at 37 °C for 30 min and stored in a dry
room. Subsequently, the conjugate pad (8 mm x 30 cm) was pretreated with blocking buffer
consisting of 0.1 M Tris-HCI with 1 wt% Tween-20, pH 8.2. The conjugation dilution buffer
was dispensed onto the conjugate pad using BioDot AirJet BJQ 3000 dispenser. To achieve
optimum performance and good repeatability of conjugate pad, the airjet dispenser should
be set to a dispensing speed of 15 mm/s with a rate of 1 uL/cm. The dispenser pressure was
set to 10 psi. After dispensing, the conjugate pads were then dried at 37 °C for 30 min and
stored in dry room for further use. The different pads were assembled on a backing (60 mm
x 30 cm) with an overlap of approximately 1-2 mm between them to ensure solution could
migrate through the LFIA test strip. The LFIA test strip was cut at a width of 3.5 mm using
BioDot paper cutter module CM4000.

2.7. Assay procedure

In a typical assay, the sample was spiked into 200 uL of sample dilution solution (0.05 M
Tris-HCI, 0.5 wt% BSA, 0.5 wt% Tween-20) to prepare the spiked buffer. The solution was
loaded onto the sample pad of the LFIA test strip. The solution then migrated through the
porous glass fiber pads and NC membrane towards the absorbent pad by capillary action.
After 15 min, the LFIA test strip was inserted into the lateral flow strips reader, which
recorded either the fluorescent intensity or the intensity of test line to the intensity of control
line (T/C) ratio.

2.8. Performance evaluation

Serial dilutions of S-PMA were spiked into the sample dilution solution to achieve final
concentrations of 0.1, 0.25, 0.5, 1, 1.25, 2.5, 5, 10, 15, 20, and 30 ng/mL in the spiked
buffer. The sample solution was also used as the blank. In a typical test, 200 uL of sample
dilution solution containing various concentrations of S-PMA was loaded onto the sample
pad of LFIA test strip. The solution then migrated through the porous glass fiber pads and
NC membrane towards the absorbent pad by capillary action. After 15 min, the LFIA test
strip was inserted into the lateral flow strips reader, which recorded either the intensity or
the T/C ratio. Additionally, standard curves were generated based on T/C ratio and S-PMA
concentrations.
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2.9. Stability test

The stability test was performed according to the method of Song et al. [40], with slight
modifications. In the stability test, the stability of the LFIA is demonstrated through aging
experiments. Briefly, to accelerate aging study, the strip was stored in a sealed plastic bag
which was filled with silica bead desiccant at 50 °C. The aging experiment lasted for nine
weeks, and the T/C ratios of the samples and the recoveries of urine and serum samples were
recorded weekly.

3. Results and discussion

3.1. Detection mechanism

The LFIA for S-PMA analysis employs a competitive format (Fig. 2). The hapten-BSA
conjugate serves as the capture antigen on the test line, while donkey anti-sheep 1gG
polyclonal antibodies are utilized as the secondary antibodies on the control line of LFIA
strips. Before the test, capture antibody conjugates (purified sheep anti-S-PMA labelled with
EuNP, noted as Eu) were preloaded onto the conjugate pad. In the absence of S-PMA in

the running buffer, the sample migrates towards the absorbent pad through capillary action,
carrying EuNP-antibody conjugates. These conjugates bind to the capture antigen on the test
line, generating a strong fluorescent signal. Any surplus EuNP-antibody conjugates bind to
the secondary antibody on the control line. However, in the presence of S-PMA, it competes
with hapten-BSA conjugate on the test line for binding to the EuNP-antibody conjugates.
This competition inhibits the binding of EuUNP-antibody conjugates to the test line, resulting
in reduced signal intensity. Consequently, the signal inhibition on the test line is indicative
of S-PMA presence. In other words, the measured fluorescent signal strength is inversely
proportional to the concentration of S-PMA.

3.2. Synthesis of hapten-BSA conjugate

Fig. 3 illustrates the FPLC chromatogram of hapten-BSA conjugate after FPLC superdex
purification. The narrow peak located at around 50 mL indicates the highly purified fraction
of hapten-BSA conjugate, while the broader peak at 75 mL corresponds to the unreactive
component.

3.3. Purification of S-PMA antibody

Fig. 4 presents the FPLC curve of S-PMA antibody, with the peak at 100 mL denotes the
large amount of antibody purified by S-PMA column, demonstrating excellent specificity
and purification efficiency of S-PMA column. The OD@AZ280 value of S-PMA polyclonal
antibody after dialysis was 5.56, revealing that the concentrated concentration of the
polyclonal antibody obtained was 4.06 mg/mL.

3.4. Characterization of EuNP

The morphology of the EUNP observed using transmission electron microscopy (TEM)
is depicted in Fig. 5. It reveals a homogeneous sphere structure with an approximate
size of 101 + 3 nm, consistent with findings in previous papers [42,43]. Additionally,
TEM images show polystyrene shell structures with an approximate thickness of 15 nm.
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The incorporation of europium chelates into polystyrene shells is aimed at enriching

the fluorescent signal and enhancing resistance to the quenching effects of the matrix.
Similar core-shell nanocomposites have been reported using this approach, including
Fe,Oz@polystyrene [44], SiO,@polystyrene [45] and encapsulated quantum dots [46].
Fluorescent analysis confirmed the large Stokes shift (~273 nm) with a narrow emission
waveband (peak at ~617 nm) and a wide excitation waveband (peak at ~344 nm) (Fig. 6),
indicating reduced background noise and higher achievable sensitivity in bioimaging settings
[47].

3.5. Optimization of the preparation conditions

Several factors influencing LFIA performance were investigated, as illustrated in Fig. 7. This
study primarily investigated four factors: hapten-BSA conjugate concentration, EUNP-Abs
concentration, reaction time and buffer pH. Previous studies have demonstrated that the

ratio of the fluorescence intensity between the test line and control line (T/C ratio) on the
test strip, measured simultaneously, can compensate for background factors [48]. Therefore,
the T/C ratio was utilized to determine the results in both previous studies and our current
research [49,50]. As shown in Fig. 7 (A), the T/C ratio significantly increased with the
escalating dispensing hapten-BSA conjugate concentration from 0.2 to 1.0 mg/mL and when
hapten-BSA conjugate concentration reached 1.0 mg/mL, the T/C ratio stabilized and was
maintained to 1.4 mg/mL. Moreover, Fig. 7 (B) demonstrates that the T/C ratio increased
with the rise in EUNP-Abs concentration on conjugate pads, reaching its maximum at an
EuNP-Abs concentration of 1.0 pL/cm. Reaction time is also proved to be a critical factor
affecting LFIA performance [51]. The T/C ratio gradually reached maximum around 15

min, indicating that the optimal readout time is 15 min (Fig. 7 (C)). To achieve the highest
immunoreaction efficiency, the pH of detection buffer was optimized, as shown in Fig. 7
(D). Buffers with pH ranging from 5 to 10 were prepared. The T/C ratio was highest at a
buffer pH of 8, indicating the optimal buffer pH for immunoreaction is 8. Subsequent studies
were all conducted under optimal conditions.

3.6. Detection performance

The proposed LFIA approach was applied to determine S-PMA levels in the spiked buffer
under the optimal conditions described above. Fig. 8A shows that LFIA strips images

with spiked buffer of varying S-PMA levels. Due to the competitive binding method, the
higher the S-PMA concentration in the sample, the weaker the fluorescence signal on

the test line of the test strip. In Fig. 8B, the calibration curve shows the relationship
between the T/C ratio of strips and the S-PMA concentrations of spiked buffer. As the
concentration of S-PMA increases, a gradual attenuation of red fluorescence signal becomes
evident under a UV (365 nm) lamp. This observation aligns the detection mechanism of
competitive immunoassay. Quantitative measurement of the fluorescent signal from the test
lines confirmed a reverse correlation. The linear range of the detection for S-PMA was
from 0.25 to 30 ng/mL with a linear relationship of Y = -0.441 log (Cg_ppma) + 0.659
where Y is the T/C ratio and the Cg_ppa i the concentration of S-PMA. The coefficient

of determination (R2) is 0.980. The calculated limit of detection (LOD) was determined to
be 0.32 ng/mL, based on the three times signal-to-noise ratio standard. Previous study has
shown that the concentration of S-PMA in human urine ranges from 0.934 to 14.0 ng/mL,
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which indicates that the LFIA introduced in this study can effectively detect S-PMA levels
in human urine [21]. The American Conference of Governmental Industrial Hygienists
recommends a biological exposure index for S-PMA of 25 pg/g creatinine, while European
Chemicals Agency sets a biological limit values for S-PMA at 2 pg S-PMA/g creatinine
[52]. Additional, the concentration of creatinine in human urine typically ranges from 80 to
200 pg/dL [53]. The LOD of LFIA is significantly lower than the above standards, which
demonstrates the feasibility of its practical application. Certain urinary metabolites with
structural similarities to PMA may interfere with its detection, potentially impacting data
interpretation [24,55]. However, Aston et al. [24], reported that the PMA immunoassays
are not affected by benzylmercapturic acid, a urinary metabolite of toluene. This finding is
particularly relevant given the frequent co-exposure to benzene and toluene. Additionally,
hippuric acid, a non-specific metabolite of toluene with low structural similarity to PMA, did
not cause significant interference in PMA immunoassays.

The detection range and LOD of various approaches for detecting S-PMA are shown

in Table 1. Previous studies indicate that conventional detection approaches such as LC-
MS, LC-MS/MS GC-MS and HPLC are widely used for S-PMA detection [13,54,55].
However, the extraction and purification process prior to detection make these approaches
time-consuming and the expensive equipment makes detection costly [56-58]. At the same
time, many novel detection approaches, such as fluorescence quench and surface enhanced
Raman spectroscopy (SERS), have been developed, but they struggle to match the detection
accuracy of conventional approaches [26,59]. In comparison, the LFIA in this work reduced
the LOD of S-PMA to levels comparable with conventional approaches, while greatly
simplifying the operation steps, achieving rapid, cheap and accurate detection of S-PMA.

3.7. Stability test

Product stability is a key indicator of LFIA performance andthe stability test results are
shown in Fig. 9. According to the accelerated aging calculator, aging at 50 °C for 7

weeks is functionally equivalent to one year at room temperature. The accelerated aging
method is based on the Arrhenius reaction rate function, which assumes that a 10 °C
increase in temperature will cause the reaction rate to double. The results indicate that LFIA
performance remained relatively stable over a nine-week period at 50 °C. The inhibition rate
(B/By) is often used to reflect the detection performance of LFIA [61,62]. Here, the T/C
ratio of the S-PMA spiked samples was defined as B, and the T/C ratio of the control sample
is defined as Bg [63]. In this study, B/Bg is used to assess the stability of LFIA detection.
The result of B/B can not only demonstrate the LFIA’s ability to detect different levels of
S-PMA, but also reflect the proportional relationship between samples with different S-PMA
levels and the control sample. In stability testing, LFIA maintained performance above 90

% after nine weeks of aging. Specifically, when measuring S-PMA levels at 0.5 ng/mL,

the LFIA’s detection performance decreased by only 6.9 % after nine weeks of storage,
demonstrating stable performance. Furthermore, when testing various concentrations of
S-PMA, LFIA produced relatively stable results at different aging times. These fundings
indicate that LFIA can maintain relatively stable detection performance during the aging test
period. In summary, the aging test results show that LFIA can be stored at room temperature
for one year while maintaining reliable analytical detection performance. Additionally, the
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average relative standard deviation (RSD) of the test data from ten LFIA test strips in the

same batch is 2.54 + 0.763 %, while RSD of LFIA test strips across three batches is 2.40

+ 1.28 %. The intra- and inter-batch differences are well within the acceptable range for a
biological assay (limit of 20 %) [64].

4. Conclusion

In conclusion, this study presents a novel LFIA-based method for the sensitive and
quantitative detection of urinary S-PMA, offering a rapid and effective tool for assessing
short-term wood smoke exposure in humans. By eliminating the need for sample
pretreatment steps such as extraction, purification, and enzymatic or acid hydrolysis required
by conventional methods, this approach significantly reduces assay time while maintaining
high sensitivity. The use of EUNPs, renowned for their large Stokes shift, high fluorescence
brightness, and stability, as antibody-conjugated detector probes enables ultrasensitive
detection of S-PMA, achieving a detection limit of 0.32 ng/mL and a broad detection

range of 0.10-30 ng/mL. The developed EuNP-based LFIA strips also demonstrated
excellent stability, retaining over 90 % of their detection performance after one year.

This low-cost, user-friendly diagnostic tool complements blood-based diagnostics, providing
a comprehensive and practical option for exposure assessment. Furthermore, this work
highlights the potential of LFIA technology in advancing the development of rapid, precise,
cost-effective, and portable detection devices for biomonitoring applications.
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Fig. 1.

Metabolism of benzene leading to the production of S-PMA. CYP2E1: Cytochrome P450
2E1. GSH: Glutathione. GST: Glutathione S-transferase.
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Fig. 2.
The detection mechanism of LFIA for S-PMA.
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Fig. 3.
The chromatogram of purified synthetic hapten-BSA conjugate at an absorption wavelength
of 280 nm.
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Fig. 4.

The FPLC curve of S-PMA after purification at an absorption wavelength of 280 nm.
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Fig. 5.
Transmission electron microscopy (TEM) images of EUNPs.
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(A) Lateral flow immunoassays images of spiked buffer with different S-PMA levels. The

S-PMA levels in the spiked buffer, from left to right, are 0, 0.1, 0.25, 0.5, 1, 1.25, 2.5, 5,
10, 15, 20, 30 ng/mL. (B) Calibration curve of T/C ratio of strips versus concentrations of
spiked buffer. T/C ratio: fluorescent intensity of the test line to the control line ratio.
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Fig. 9.

B/?Bo results of LFIA for S-PMA of different levels in stability test. S-PMA levels in
samples: Black 0.5 ng/mL; Red 1 ng/mL; Blue 2 ng/mL; Green 5 ng/mL; Purple 10 ng/mL.
(For interpretation of the references to colour in this figure legend, the reader is referred to
the Web version of this article.)
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Table 1
Performance of various approaches for the detection of S-PMA.

Approach LOD Detectionrange Ref.
LC-MS 0.5 ng/mL (LOQ)Z / [13]
LC-MS/MS 50 ng/mL 0.5-500 ng/mL [54]

0.6 ng/me / [21]

0.15 ng/mL

0.08 ng/mL

0.024 ng/mL

0.2 ng/mL
HPLC-UV/Vis 8 ng/mL 30-1000 ng/mL  [55]
HPLC/AC/DBMNs¢ 10 ng/mL 30-1000 ng/mL [50]
Luminescent probe 3.0x108M 3.70-180 uM [59]
SlPSd/SERS 1.06 ppb 0-5 ppm [26]
GC-MS 0.1 ng/mL / [56]
LFIA 0.32 ng/mL 0.25-30 ng/mL This work

a o _— o
Only limit of quantitation (LOQ) was reported in this study.

b_. . o N
Five LC-MS parameters were set for the detection of S-PMA, and thus five different LODs were reported in this study.

CAC/DBMNS refers to activated carbon/diatomite-based magnetic nanocomposites.
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dSIPS refers to salt-induced phase separation.
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