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ABSTRACT

Nanozymes with peroxidase-like activity have beeédely used as signal labels in
electrochemical immunosensors. However, these seradways suffer from some
shortcomings during the processes underlying nanezgbeling, including complex
reactions, nanozyme inactivation after being ddedran the antibodies. To solve
these problems, a novel electrochemical immunosensas designed for
ultrasensitive detection of sulfonamides (SAs), which the synthesized 2D
Cu-TCPP(Fe) with peroxidase-like property was used nanozyme that was directly
modified on the electrode surface. Meanwhile, the structfreD Cu-TCPP(Fe)
could be destroyed by the polyethyleneimine (PE)Mf PEI-GO@Ab due to the
stronger affinity between PEI and €uleading to an activity change of the prepared
nanozyme. When ¥, was introduced to the system, the electrochensicaibnt was
significantly declined owing to the peroxidase vtyiof 2D Cu-TCPP(Fe) decreased,
which led to signal amplifications. Under the op#ied conditions, this strategy had a
wide detection range (1.186-28.051 ng/mL), sattsfgc accuracy and precision
(recoveries, 64-118%; CV, 2.16- 7.27%) with a logtettion limit of 0.395 ng/mL.
The findings of this study indicate that the elechemical immunosensor we
developed has great potential and can be usednfymee-free detection of SAs in
environmental samples.

Keywords:
Immunoassay, signal amplification, electrochemic&liosensor, nanozyme,

sulfonamides
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1. Introduction

Sulfonamides (SAs), a generic class of broad-spectantibiotics with the
structure of p-aminobenzene sulfonamide(Ma et@162 Managaki et al. 2007), have
been widely used as prophylactic agents/medicinegréating diseases in humans
and as growth additives in domestic animals depgndn their good stability and
low cost(Dinh et al. 2017). Extensive use of SAmds about their ubiquitous
occurrence in aquatic environments via excretedsfeand urine, contributing to the
evolution of antibiotic resistant genes and damgguoblic health(Lu et al. 2015).
Accordingly, there are increasing concerns aboatdinect or indirect impact of SA
residues on aquatic ecosystems and the resultiigac resistant genes(Kim et al.
2013; Lu et al. 2015). Hence, it is necessary tabéish an effective method to
investigate SAs in environmental waters for riskessments.

At present, various analytical methods have begrorted for SAs analysis,
including gas chromatography-mass spectrometry MSJ(Loos et al. 2017), high
performance liquid chromatography(Du et al. 201 ed al. 2018), high-performance
liquid chromatography coupled with triple quadrupahass spectrometry (HPLC—
MS/MS)(Nebot et al. 2013; Won et al. 2011) and kanp
electrophoresis(Hernandez-Mesa et al. 2019; Shual.e2018). Although these
approaches have shown some advantages, includiogy gensitivity and accurate
guantification, their drawbacks (e.g., tedious sl@ngretreatment procedures, the
requirement of large amounts of organic solventseforichment and cleanup, and
expensive instruments) have hindered their furépgdication(Liu et al. 2016; Luo et
al. 2010; Shoeib et al. 2004). By comparison, ebetiemical immunoassays
displayed some obvious advantages for SA determométecause of their low cost,
high accuracy, portability and simplicity(Conzueibal. 2013; Conzuelo et al. 2012).
However, the performance of immunoassays usingralatenzymes would be
potentially influenced by the extremely complex ieonmental conditions, resulting
in irreversible deformation. To address the issuenozyme-based electrochemical

immunoassays were introduced into the detectiotesys
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Nanozymes have been defined as a kind of nanoraltth intrinsic enzymatic
activities(Gao et al. 2007; Shan et al. 2007),udclg metal oxides, metal sulfide and
metal-organic frameworks (MOFs), which have atgdctonsiderable attention in
many fields because of their low cost, high stabiind good tolerance against
different matrixes(Dong et al. 2019; Zhou et al120Zhu et al. 2019). However,
despite their indispensable advantages, the pateimawbacks of some conventional
nanozymes have limited their further applicatiomcls as the fact that only a small
number of active sites were exposed on the surfatematerials and the
bio-recognition sites of nanozymes were hinderedhayr small surface-to-volume
ratio(Zhang et al. 2019; Zhou et al. 2017). To owere the aforementioned
limitations, nanozymes based on a two-dimensid2ia) Etructure were designed and
exhibited excellent catalytic properties(Walperakt2018; Zhu et al. 2018). The 2D
metal-organic frameworks (MOFs) showed distinctitaeywing to their large surface
area and lower diffusion barriers, which were caide to simpler substrate
molecules being exposed on the surface of acttes(§ithen et al. 2018). Cheng et al.
established an attractive bioassay to monitor tBp elimination process in live rats
with 2D Zn-TCPP(Fe), which displayed high activitfor mimicking
peroxidase(Cheng et al. 2017). By means of AuNBwigion 2D MOFs, Huang et al.
designed an interesting strategy to mimic naturedymes and catalyze cascade
reactions(Huang et al. 2017). In addition, Liu letleveloped a strategy to decrease
the pH of wounds and achieved a significant antdr&ad effect via 2D Cu-TCPP(Fe)
invivo(Liu et al. 2019b).

Inspired by the above-mentioned literatures, at fitesent study, a novel
electrochemical immunosensor strategy was desifpradtrasensitive determination
of SAs in aquatic environments, in which 2D MOFshnperoxidase properties were
directly decorated on the surface of electrodeswshasScheme 1). This strategy
showed obvious merits on preventing the loss ddlgat activity during nanozyme
labeling. After evaluating its performance (accyraprecision and stability), the

proposed immunosensor was applied for real enviesrtah sample analysis.



104 2. Experimental section

105 Materials, reagents, apparatus, electrochemicanpatier and sample preparation
106  were displayed i1$1-4.

107  2.1. Synthesis of 2D Cu-TCPP(Fe) nanosheets

108 2D Cu-TCPP(Fe) nanosheets were synthesized acgamlia previous report with
109  minor modifications(Qin et al. 2018b). Cu(N@3HO (7.2 mg, 0.015 mM),
110  trifluoroacetic acid (20uL, 1.0 M), and PVP (20.0 mg) were dissolved in
111 DMF-ethanol (Volume ratio=3:24 mL), and then, TCPP (Fe) (8.0 mg, 0.005 mM)
112  dissolved in a DMF-ethanol mixture (volume rati®4,8 mL) was added dropwise
113 into 24 mL of the prepared solution under vigoraisring. After 10 min of
114  ultrasound, the resulting mixture was heated fohH 80 °C. The final solution was
115 cooled and centrifuged, and the resulting sedinneag washed several times with
116 ethanol. The obtained 2D nanosheets were re-degh@rsultrapure water.

117 2.2. Synthesis of PEI-GO@Ab;

118 To increase water solubility, carboxyl-functionaliz GO (GO-COOH) was
119  synthesized according to previous reports(Jingl.eR@L7). Under stirring, 200 mg
120 GO in HNGs-H,SO, (Volume ratio = 1:3, 40 mL) was refluxed for 8 he® (1. After
121 filtration through 0.22um filters, GO-COOH was dried under vacuum. Finathe
122  product was stored at 4 °C until use.

123 Ten milligrams GO-COOH and 100 mg PEI were disstlue 20 mL ultrapure
124  water under 30 min of ultrasound. Then, 200 mg BE added to the mixture. After
125 8 h of stirring, the PEI-GO suspension was cergaetliand then dried under vacuum.
126  For the preparation of PEI-GO@AKX mL Ab, (10 ug/mL) was mixed with the 3 mL
127  PEI-GO (6 mg/mL) suspension at 4 °C. After 12 Istofing, 100uL of 1% BSA was

128 used to block non-specific sitékhe collected PEI-GO@Abwvasredissolved in PBS

129  (0.01 mol/L, pH=7.4) and stored at 4 °C.

130  2.3. Electrode modification.
131 The bare GCEs were repeatedly polished bothut3alumina slurriesThen, the

132 GCEs were ultrasonically washed in ultrapure wated dried under nitrogen.
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Subsequently, 6 uL MWCNTs (3 mg/mL) were modified the surface of GCEs.
After drying at 25/, 6 uL Cu-MOFs (6 mg/mL) were coated onto the modified
electrode surface.
2.4. Fabrication of the electrochemical immunosensors

Six microliters of the antigen was modified on #lectrode surface overnight at
4 (1. To prevent nonspecific binding, after washing surface of the electrode was
blocked with BSA and incubated at 37for 45 min. After washing onc8,uL of Ab;
and the same volume of sample (or standard Sulfamethoxine, abbreviated to
SMM)) were sequentially decorated on the electreddace. After incubation and
washing, 6 uL PEI-GO@Abwas dropped onto the surface of the modified GCEs.
After reacting at 37 °C for 40 min and washing agé#ie electrode was submerged in

PBS containing 10 mM D-.

3. Results and discussion

3.1. Characterization of MWCNTs, Cu-TCPP(Fe) and PEI-GO

The morphology of MWCNTSs was characterized by TE¥.displayed irFig. S2,
the MWCNTSs indicated remarkable tubular structund avithout any impurities on
their surface.

TEM and SEM images of Cu-TCPP(Fe) showed obviousnpted and curled
planes Fig. 1A and 1B), which were caused by the dimensional charatiesisf the
2D structure, indicating that the material was ssstully synthesized. Additionally,
SEM element mapping indicated that the C, N, O,dfel Cu in the nanosheet were
homogeneously distributeéig. 1C).

The morphology of GO and PEI-GO were charactenzad EM and SEM images,
respectively. As shown iRig. 2A and 2B, GO indicated clear wrinkling with a sheet
morphology. By contrast, the wrinkling of PEI-GO svalurred and unable to be
clearly observedHig. 2C and 2D) because PEI was modified on the surface of GO.
The result was further confirmed by FT-IR and zptaential measuremenfs
displayed in Fig. 3, GO presented peaks at 3428],1and 1624 cil associated with

—OH, C=0, and the C=C stretching vibration (curyeraspectively, consistent with
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the previous literature(Huang and Bo 2018). By carigon, a peak (2918 ¢hmas
observed in curve b) appeared at the FT-IR of P@8l|-Gorresponding to the
stretching vibration of —Cjlat the PEI chain. Moreover, PEI-GO showed a new
vibration band at approximately 1630 ¢nmatching N-C=0 and suggesting that PEI
had been modified on the surface of G@@anwhile,zeta potential measurement (Fig.
S3)indicated thathe zeta potential value of GO was — 15.1 mV. Aftexdification
with PEI, the value of zeta potential was dramdiicehanged to + 41.0 mV, which
could be caused by the high density amino-groupth wpositive charges was
attributed on the surface of PEI-GO, confirming tththe successful surface

modification of GO with the PEI.
3.2. Mechanism of the Electrochemical |mmunosensor

Scheme 1 depicts the protocol for this competitive electremical immunosensor,

which applied 2D Cu-TCPP(Fe) as a novel nanozymsifmal amplifications.

In addition, Cu-TCPP(Fe) was demonstrated with peroxidase-mimicking
activities(Cheng et al. 2017; Qin et al. 2018a)d ahe current response of
Cu-TCPP(Fe) was mainly caused by TCPP(Fe) as dotatdive sites that could be
reacted with HO,. Moreover, C@" acted as the junction sites could enhance the
structural stability of 2D MOFs. After Cu-TCPP(Hayonded with the PEI-GO, the
signal of 2D MOFs was remarkably decreased, whiek probably due to that the
Cu-TCPP(Fe) could be collapsed by PEI and rele@dsedl CPP(Fe) inside. At the
same time, PEI was a good chelating agent thaddoahd with Cu (11), resulting in
TCPP(Fe) being released (Zhang et al. 2016). Agtu&O possess the ability to
adsorb CE&', however, the adsorption capacity of the GO shovedatively faint if
without any modification, ascribed to that the mialelacks strong binding sites
towards heavy metal ions(Liu et al. 2019a). ThuS, &3 a platform play a crucial role
in signal amplification, which allows more PEI ahbl, to be labeled.

3.3. Characterization of the Electrochemical |mmunosensor

It has been confirmed that electrochemical impedasypectroscopy (EIS) is a
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convenient method for estimating the electrochehpcaperty of electrodes at the
process of electrode modification(Ye et al. 201®pedance spectroscopy involves a
linear part (representing a diffusion-limited prsge and a semi-circular part
(representing an electron transfer-limited process)hich the electron transfer
resistance (Ret) is expressed according to the ede@anof the semicircle. The EIS
value of the electrode surface modification measerd was performed in PBS that
contained 5 mM Fe(CNJ™", and the changes in the Ret value at differertreide
modification steps are shownfing. 4.

The bare electrodes had a small Ret value (curend)afteexposed to MWCNTS,
the semicircle domain significantly shrank, sugmgesthat the modified electrodes
had remarkable electroconductivity (curve b). Whka modified-electrodes were
decorated with Cu-TCPP(Fe), the semicircle diametgdently increased (curve c),
probably due to the fact that the electrode suriaas covered by MOFs, thereby
blocking electron transport. After respectivelyubated with antigens (curve d), BSA
(curve e) and antibodies (curve f) on the electspdlee value of Ret continued to
increase because of presences of the no-electredtimaterials, which hindered the
electron transfer of Fe(Ch)’*, increasing the distance between the electrodacsur
and Fe(CNy* . When PEI-GO@Abwas modified on the electrode surface, the Ret
value dramatically decreased (curve g), meanind tha exposed area of the

electrodes and charge transfer capability in thE€Rg® "+

solution had obviously
improved. The above investigation provided evidetita the immunosensor was
successfully fabricated and could be used for tagalysis.
3.4. Feasihility of the Detection Methods

Considering that the peroxidase property of Cu-TERBPand destroying it using
PEI are the two key factors for this immunoasshgytwere estimated through a
series of investigations. To characterize the edeatalytic performance of the MOF
nanosheets, cyclic voltammetry (CV) was used umiiféerent modified electrodes.
Fig. 5 illustrates CVs at a scan rate 100 mV/s and scgnpatential from -0.7 V to
0.7 V of bare GCE, bare GCE-modified MWCNTs and ebdCE-modified

Cu-TCPP(Fe)/MWCNTs in PBS buffer with/without 10 mtN4O,. When HO, was
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present in the reaction system, it was observetltbee was a markedly reduced
peak current of -0.55 V using Cu-TCPP(Fe)/MWCNTSES@® in comparison with
the bare electrode () and MWCNTs/GCE (d), sugagsthat Cu-MOFs have
excellent peroxidase properties. Compared withath@ve results, when the reaction
solution was only PBS buffer, almost no reductioralp was observed in
Cu-TCPP(Fe)/MWCNTs/ GCE(c) due to the absencehtih the detection system.
Besides, there are no remarkable change for bactr@tie (a) and MWCNTs/GCE (b)
when HO, was introduced into the working buffer, confirmitigat Cu-TCPP(Fe)
was stable enough as nanozyme when being used eatpribcess of sample
measurement.

Meanwhile, the dynamic-light-scattering (DLS) meaasoents indicated that the
size of the 2D MOFs decreased after the additiofPBf (illustrated inFig. 6A)
probably due to the fact that PEI absorbed the ectimy CG" metal node of the
Cu-MOF nanosheets.

In addition,Fig. S3 shows that the solution containing Cu-TCPP(Fehgkd from
dark brown opaque to brownish yellow transparenierathe addition of PEI,
indicating that the structure of the MOFs nanosleet been collapsed. Moreover,
amperometric measurements of the immunosensordiffdrent coating layers were
employed to estimate the effect of the structur¢henelectrocatalytic performance of
MOFs. As illustrated irFig. 6B, the electrochemical signal response was absent du
to the bare GCE (a) does not have the ability talgze HO,. Besides, Cu-MOFs
IGCE (b) exhibited a marked electrochemical signdahe presence of 10 mM,8,,
indicating that Cu-TCPP(Fe) showed excellent etecttalytic performance for J@,.
However, the signal of Cu-MOFs / MWCNTs /GCE (c)swdramatically increase,
illustrating that the capacity of electron transf@s been significantly improved by
MWCNTs modification. As displayed ifrig. 6C, almost no signal was observed
when the electrode was decorated with
PEI-GO@AB/Ab1/BSA/AQ/Cu-TCPP(Fe)/MWCNTs/GCE. Although the signal
response of GO@AMb,/BSA/AQ/Cu-TCPP(Fe) MWCNTs/GCE was decreased,

probably due to the fact that GO has a certaintfanal group to adsorb copper ions
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of Cu-TCPP(Feandthe degree of signal decrease was hardly affecéehsitivity of
this work. Thus, these investigations revealed that structure of Cu-TCPP(Fe)
played a decisive role in its electrocatalytic pdies.

3.5. Optimization of the Immunosensor

Since some parameters potentially influence théopeance of the sensor, they
were tested in detail, including reaction time, aamtration of antigen/ antibody,
Cu-TCPP(Fe) and PEI-GO@Ab which were recorded using amperometric
measurements.

As shown inFig. 7A and 7B, the maximum signal was obtained when the antigen
and antibody were diluted 8000 and 16,000 timekit{dn factor), respectively. In
addition, the current response increased when theentration of 2D MOFs
increased from 2ng/mL to 6 mg/mL, at which point it reached at ptsak value.
Consequently, 6 mg/mL was considered to be themabticoncentration of
Cu-TCPP(Fe) for the detection systeRg( 7D). As shown inFig. 7E, a gradual
decrease in the signal was observed at a dilutiotof of 1-4 for PEI-GO@A#b and
then, the current response increased when theaatiltdctor exceeded 4; hence, the
optimal dilution factor was selected to be 4. Ae thame time, the most suitable
absorption time of Cii was 40 min Kig. 7F), and the recognition time between
antigen and antibody was 40 mkid. 7C).

Under the above optimized conditions, the standarde §ig. 8B) was established
after measurement of a serial concentration of S{FM. 8A). Good performance
was obtained, with a low limit of detection (LOD&sAn = 0.395 ng/mL, wheren is
the slope of the corresponding calibration curve &is the standard deviation of the
blank )(Wang et al. 2014), wide range (1.186- 28.65/mL,IC,ICgo)(Fraga et al.
2012), and obvious advantages over other methicatsd S2).

3.6. \erification of Accuracy, Stability and Sample Analysis

The accuracy and precision of the established sewsoe estimated using a
spike-recovery measurement based on water samgas farious sources (pure
water, pond water, tap water, river water) fortifiwith a variety of concentrations of

SMM. Table 1 shows that the recoveries of the SAs were in @émge of 64-118%
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with the intra-assay coefficient of variation (Cvgnging from 2.16% to 7.27%,
meaning that the method had good accuracy and teuléed for real environmental
sample analysis. Besides, the stability of immuneses was investigatedri@. S5).
There are five immunosensors were stored at 4 Ai@,a@sessed every 3 days. The
current response retained 83.67% of its initiateoir after 15 days, indicating that the
immunosensors had acceptable stability. The prapasethod was applied to
investigate the concentration of SAs in real watnples from the Zhenjiang area,
Jiangsu Province, China, which was verified by EA.I&s shown inTable 2, the
results were highly consistent with those from tinaditional ELISA method.
Meanwhile, compared with ELISA, the proposed immaersor showed an obvious

advantage in sensitivity.

4. Conclusions

In summary, an electrochemical immunosensor wascttied for ultrasensitive
detection of SAs from environmental waters basedihen 2D Cu-TCPP(Fe) with
peroxidase properties with catalytic,® as the signal source. The established
method showed good accuracy and reproducibilitgofreries, 64-118%; CV, 2.16-
7.27%) with a low LOD of 0.395 ng/mL, which was amgmately 4 times lower
than that using traditional ELISA with the sameilaody (Fig. S1). These results
suggest that the method has great potential fgetamalysis. Meanwhile, the present
study also provided a novel strategy for designimgmunosensors for the
determination of other substances with differertitaalies.
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Figure captions
Fig. 1. TEM image of Cu-TCPP(Fe) (A); SEM image of Cu-TCP#((B); EDS of
Cu-TCPP(Fe) (C).
Fig. 2. TEM image of GO (A), PEI-GO (BBEM image of GO (C), PEI-GO (D).
Fig. 3. The FT-IR spectra of GO (a), PEI-GO (b).
Fig. 4. EIS characterization of electrodes at varioussstépnodification in 5 mM [Fe
(CN)e]*>™™] solution: bare GCE(a), MWCNTs/GCE(b),
Cu-TCPP(Fe)/MWCNTs/GCE(c), Ag/Cu-TCPP(Fe)/MWCNTsKE),
BSA/Ag/Cu-TCPP(Fe)/MWCNTs/GCE(e),
Ab1/BSA/Ag/Cu-TCPP(Fe)/MWCNTS/GCE(f),
PEI-GO@Ab/Ab,/BSA/Ag/Cu-TCPP(Fe)/MWCNTs/GCE(g).
Fig. 5. The CV of the immunosensor with different modifieléctrodes in blank (a:
bare GCE, b: MWCNTs/GCE, c: Cu-TCPP(Fe)/MWCNTs/G@BY containing 10
mM H.O,(d: bare GCE, e: MWCNTs/GCE, f: Cu-TCPP(Fe)/MWCNGGE).
Fig. 6. DLS characterization of Cu-TCPP(Fe) before (blaakgl after (red) with PEI
(A); The i-t curve of the immunosensor with diffetemodified electrodes; PBS
containing 10 mM KO, (B) bare GCE(a), Cu-TCPP(Fe)/GCE(b) and
Cu-TCPP(Fe)/MWCNTs/GCE(c); (C) ABSA/Ag/Cu-TCPP(Fe)/MWCNTS/GCE(a),
GO@Ah/Ab,/BSA/Ag/Cu-TCPP(Fe)/MWCNTs/GCE(b) and
PEI-GO@AB/Ab,/BSA/Ag/Cu-TCPP(Fe)/MWCNTs/GCE(c).
Fig. 7. Effect of the dilution of antibody (A) and antigéB), the recognition time of
antibody and antigen (C) the concentration of CiRrPde) (D),the dilution of
PEI-GO@ADb (E) and the time of Cii absorption (F)Error bars = RSD (n=3).
Fig. 8. The amperometric method measurements of the E@bdammunosensor after
incubating with 0-81 ng/mL SMM. (a) 0, (b) 0.1, @B, (d) 0.9, (e) 3, (N9, (9)27, (h)
81 ng/mL SMM in PBS (pH 7) containing 10 mM®} (A); The standard curves of
the indirect competitive electrochemical immunoserisr SMM under the optimized

conditions (B). Error bars = RSD (n=3).
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Fig. 1. TEM image of Cu-TCPP(Fe) (A); SEM image of Cu-TCP#((B); EDS of
Cu-TCPP(Fe) (C).
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Table 1. Analysis of SA-spiked using our established metfns8).
Table 2. The comparison for SAs detection using our estabtismethod and the

conventional ELISA (n=3).



518 Table 1. Analysis of SA-spiked using our established metfrB).

Background  Added Found Recovery  CV?

Samples
(ng/mL) (ng/mL)  (ng/mL) (%) (%)

15 1.77 118 2.38

Pure water ND 5 3.20 82 3.21
25 27.25 109 2.16

15 7.67 111 2.64

Pond water 5.41 5 9.11 74 5.58
25 27.16 87 2.94

15 161 107 3.54

Tap water ND 5 4.55 91 7.27
25 22.00 88 2.93

1.5 5.2 110 2.87

River water 3.20 5 5.25 64 3.02
25 21.75 77 3.42

519 2V, intra-assay coefficient of variation obtainiedm 3 determinations performed in the same
520 polystyrene microtiter plate.
521  °ND, not detected.

522



523 Table 2. The comparison for SAs detection using our estabtismethod and the

524 conventional ELISA (n=3).
ELISA Our method CcVv
Samples

(ng/mL) (ng/mL) (%)
S1 8.29 6.13 2.57
S2 ND 2.92 4.65
S3 27.83 25.83 3.76
S4 ND 2.31 3.21
S5 ND ND /
S6 4.92 3.24 4.15
S7 13.52 10.87 3.68
S8 ND 2.76 4.26
S9 16.95 14.53 4.62
S10 3.92 2.01 3.85
S11 7.31 5.27 4.93
S12 9.52 6.93 2.86
S13 ND 2.42 3.61
S14 5.87 3.15 4.82
S15 ND ND /

525 2V, intra-assay coefficient of variation obtainiedm 3 determinations performed in the same
526  polystyrene microtiter plate.
527  °ND, not detected.



Highlights

1. A nove competitive electrochemical immunosensor strategy was fabricated for
determination of SAswith alow LOD of 0.395 ng/mL;

2. The good performance was benefited from a nanozyme (2D Cu-TCPP(Fe)) used,
which was directly modified on the electrodes, preventing the decrease in catalytic
efficiency during nanozyme labeling;

3. The signa amplification was ascribed to the collapsed structure of 2D
Cu-TCPP(Fe) by PEI-GO, resulting in remarkably decreased catalytic ability;

4. The immunosensor showed satisfactory accuracy (recoveries, 64-118%; CV, 2.16%

- 7.27%) and a good detection range (1.186-28.051 ng/mL).
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