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5 Determination of histamine in fresh and canned tundish by
photoluminescence sensing using TGA-CdTe nanopactes

and cationic solid phase extraction

5.1 The photoluminescence quenching of the TGA-CdTe namparticles by

histamine

The photoluminescence intensity of quantum dotseissitive to surface
changes caused by interactions with chemical spegiéhe dispersed system. In
the present work, it is demonstrated that the ghotmescence of TGA-modified
CdTe nanopatrticles is effectively quenched by higte. The change in the
photoluminescence intensity followed a Stern-Volmeodel expressed as the
ratio of R/F, where [k is the photoluminescence of the nanopatrticle dsspe in
the absence of histamine and F is the photolumémesc measured from the
nanoparticle system in the presence of histamime quenching was strongly
dependent on the pH of solution, amount of bufférese quantum dots are
dispersed, concentration and average size of TGA#red CdTe nanoparticles.
These experimental conditions were optimized aimilmg achieve robust

conditions for histamine determination in tuna fish

5.2 Adjustment of the composition of the TGA-CdTe nanoprticle
dispersion

5.2.1 Concentration of quantum dots in the dispersion

The quenching effect caused by the presence darise (fixed at 1.7 x
10* mol L*! final concentration) was investigated in dispersiccontaining
different amounts of TGA-CdTe nanopatrticles. Theoant of nanoparticles was

varied by introducing different volumes of the dywgized nanoparticle stock
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dispersion (from 4 to 20 pL), which enabled a rabggveen 3.8 x I®and 1.9 x
107 mol of quantum dots (2.1 nm of average diametéspaised in 1 L of
aqgueous solution. A robust and sensitive photatestcence quenching
(measured at 515/350 nm) was observed, as indicatéigure 44, in the system
containing lower amounts of quantum dots (3.7 ® mol in 1 L of aqueous
solution) as indicated by the higheg/fF ratio (aboutl.30). Higher amounts of
nanoparticles significantly decreased the sensitofi the quenching response due
to the high photoluminescence measured from thgedison. The chosen volume
of the quantum dots stock dispersion wasI8(7.5 x 10° mol of nanoparticles in

1 L of aqueous solution).
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Figure 44- Effect of the amount of the synthesizedquantum dots on the
photoluminescence intensity measured from the TGA-@€Te quantum dots aqueous
dispersion. Signal variation expressed as oF F (where Ry and F are respectively the
photoluminescence of the quantum dots dispersiorefore and after the addition of 1.7 x19

mol L of histamine).

5.2.2 pH value and amount of Buffer

The pH of the aqueous solution used to disperseqtiamtum dots was
varied from 6.0 to 10.0. Phosphate buffer 0.01 hib{final concentration) was
used to set the pH in range from 6.0 to 9.0. FergH values of 9.5 and 10, the
adjustment was made by the addition of a 0.01 mbNROH solution into the
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aqueous dispersion. The experiment was made idispersions with and without
the presence of histamine (2 x“1tol LY. The signal profile shown in Figure
45 indicated low photoluminescence at the acid edmgrause of the removal of
the stabilizing TGA capping from the surface of thuwantum dots (dissociation of
Cd?*-TGA) as the binding thiolates are protonated [149oreover, in the basic
range, the photoluminescence intensity is enhamesditing in a fairly robust
response from pH values between 8.0 and 9.0. Is blaisic pH range, the
carboxylic group of TGA is deprotonated resultimga homogenous density of
negative charges that enabled a better dispergidheoquantum dots. At more
basic media, the photoluminescence intensity shadgicreases. As a robust
photoluminescence quenching is observed in pH rdragga 8.0 to 9.5 in the
presence 2 x I®mol L™ of histamine, the selected pH value for all furthe

experiments was 8.0.
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Figure 45- Effect of pH value on the photoluminescee measured from the TGA-
CdTe quantum dots dispersion: @) The Quantum dispersion without addition of histanine.

(e ) in the presence of 2 x I®mol L™ of histamine.

5.2.3 Stability of photoluminescence intensity and reactin time

Under the selected pH condition, the stability loé &analytical response

was studied by monitoring the photoluminescence someal from the
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nanoparticles dispersion without of histamine (calpt The photoluminescence
was monitored every 10 min up to 120 min and dutinig interval, it was
observed that the measurgghotoluminescence was quite stable (random
fluctuation with standard deviation of the intepsiieasurements no higher than
5%). Then, experiments with the addition of histaenivere made. In this case,
the first measurement was made after 1 min stirrargl 1 min system
equilibration time. After that, other measurementse made every 5 min up to
60 min total monitoring timelt was observed that right after addition of the
histamine; the photoluminescence decreases imnegdatd remains constant for
at least 60 min (random fluctuation standard dewmatof the intensity
measurements no higher than 5%). This result adiwated that the final 0.01
mol L™ concentration of the phosphate buffer (pH 8.0) wasugh to grant
stability of the system.For the analytical method, it was established all
measurements to be made after 2 min (to performngtiand equilibration of
solution) of the addition of the sample into theette.

5.2.4 Effect of the size and surface modifier on the quaring of TGA-CdTe

guantum dots

The quenching effect of histamine was evaluatedhguslispersions of
nanoparticles with three different sizes. This gtumlicated a size dependency of
the effect caused by the analyte with a more effecjuenching achieved in
dispersions containing nanopatrticles of the smaiiee (2.1 nm of diameter) as
indicated by the Stern-Volmer plots (Figure 46) mad 25°C. Stern-Volmer
constants (K,) for systems containing nanopatrticles with average denwod 2.1,
2.6 and 3.2 nm were respectively 1.4 ¥,109 x 16 and 4.5 x 10L mol™ for
different linear concentration ranges of histan{ifigble 9).
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Table 9- Variation in quenching of TGA- CdTe quantum dots in function of the particle size

in the linear response range between 3.3 and 55 &3mol L™

TGA-CdTe Size Stern-Vomer Constant
(nm) (L mol™)
2.1 1.4x 16
2.6 7.9x16
3.2 45x 16

At the pH 8, the carboxylic group on the surfaceTGA-CdTe would be
fully ionized and appear with negative charge (oayb group in TGA has pK
3.53.) and the protonated amino group could scaehectrons from the exciton
(electron-hole pair) as result of excitation of HFBA-CdTe nanoparticle#\s the
size of quantum dots decreases, the energy of ctinduband increases due to
the quantum confinement effect. Redox potentiahefconduction band become
more negative thereby enhancing the reducing poviter a decrease in particle
size [157]. Due to higher surface to volume ratio in smallenogarticles, most of
the constituent atoms reside on the surface opéngcles being more efficiently
transfered to the chemical species adsorbed orsutface of the nanoparticle,
reducing the chances of radiative recombinationelgictron-hole pair [158].
Therefore, a more efficient quenching with the dasing in particle size can be
accounted as consequence of the enhanced reduirey pnd the higher ratio of

surface-to-core atoms.


DBD
PUC-Rio - Certificação Digital Nº 0913861/CA


PUC-RIo - Certificacdo Digital N° 0913861/CA

112

1.80 4

1.654

1.504

E/F

1.354

1.204

1.054

histamine [10'; mol L']]

Figure 46 — Stern-Volmer plots for the binding of listamine in aqueous dispersion of
TGA-CdTe quantum dots with sizes of 2.1nms&) 2.6 nm (A) and 3.2 nm @). Excitation at

350 nm and emission measured at 515, 545 and 580.nm

In order to further investigate the role of thefsoe modifier (TGA) in the
photoluminescence quenching of quantum dots byatiste, another ligand
modified CdTe quantum dots was used to establishrgls for comparison. The
chosen ligand was cysteamine and, cysteamine-Cdlantgm dots were
synthesized. Cysteamine contain primary amine awinel stabilizing group
when bound to the quantum dots.

In Figure 47, the photoluminescence profiles fronspdrsions of
cysteamine-CdTe quantum dots are compared to the obtained from TGA-
CdTe quantum dots. It is observed that the presehbéstamine (at a 1.6 x T0
mol LY induce a much less effective photoluminescencenching in the
cysteamine-CdTe quantum dotsy/f- = 1.04) when compared to the effect
achieved in the TGA-CdTe quantum dots dispersiof-(E 1.32). These results
showed that histamine induced quenching in nedgtickarged nanoparticles
(TGA-CdTe) due to electrostatic interaction betwesmmface of nanoparticles
(negative charge due carboxylic group) and the gmated amino group of
histamine. On the other hand, no quenching tookepail positively charged
nanoparticles (cysteamine-CdTe). These resultedurtonfirm the role of surface

modfier on photoluminescence quenching of TGA-CdTe
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Figure 47 - Photoluminescence measured from quamn dots dispersions of: (A)
Cysteamine-CdTe and (B) Cystamine-CdTe in the presee of 2.3 x1¢ mol L™, (C) TGA-
CdTe, (D) TGA-CdTe in the presence 2.3 x18 mol L™ of histamine.

5.3 Mechanism of interaction between histamine and TGACdTe quantum
dots

Any physical or chemical interactions between amubal species and the
surface of the quantum dots may induce changeseir photoluminescence
characteristics (quenching, amplification, shiftgtc.). Photoluminescence
guenching may occur due to a number of reasonsasielectron transfer, surface
adsorption, surface complexationsanoparticle aggregatioand electrostatic
attractions [48]. The absorption UV-vis spectraCafTe were obtained from the
dispersions in the absence and in the presencstahtine (in the range from 1 x
10° and 1 x 13 mol L") but no significant differences were observed ((Fég
48). Since no changes in the absorption profile of TGHFE dispersion was
found, it is an indication that histamine did natise the aggregation of quantum

dots, which can lead to reduced photoluminescarteasity.
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Figure 48 - Electronic absorption spectra: A. hisimine (1x 10* mol L™) B. CdTe

quantum dots in the presence of histamine presentithe concentration range from 1 x 18

and 1 x 10° mol L™

The mechanism upon the photoluminescence quendatngrs may be
static or dynamic. The nature of the process cadlidienguished by evaluating the
dependence of the photoluminescence quenchingnictifun of the temperature
[53]. From the Stern-Volmer plots, constructed gsirtGA-CdTe quantum dots
dispersions kept at three different temperatureéd8,(B303 and 308 K), it is
observed that the sensitivity of the curve thattesd B/F and concentration of the
histamine decreases as the temperature was indréagere 49). Such behavior
indicates that the interaction between histaming BGA-CdTe is associative in
nature (static quenching). The nature of the inteva was further investigated
using time-resolved fluorescence. For the statenghing, the photoluminescence
lifetime of the probe does not vary when a quenahpresent. In contrast to what
is expected in dynamic quenching, where changehdatoluminescence lifetime
of the probe is affected by the presence of thencjusr. The photoluminescence
decay (Figure 50) recorded from TGA-CdTe quantunts de similar when
obtained from dispersions in the absence of histanaind in the presence of
histamine (at two different concentrations: 6.6 X18nd 3.9 x1d mol LY
resulting in similar photoluminescence lifetimedefefore, the static nature of

the quenching was confirmed.
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Figure 49- Stern—Volmer plots for the aqueous dispsions of TGA-CdTe quantum
dots at 298 K (4), 303 K (e) and 308 K (@)
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Figure 50- A typical photoluminescence decay profl of CdTe quantum dots (2.1 nm

average size) in the absence and in the presence diistamine at 6.6 x10-5 and 3.9 x10mol

L-1 concentration levels.

Further experiments with the addition of *Niwere made in order to

evaluate the behavior of the histamine/TGA-CdTentwa dots system. The


DBD
PUC-Rio - Certificação Digital Nº 0913861/CA


PUC-RIo - Certificacdo Digital N° 0913861/CA

116

addition of nickel into a TGA-CdTe dispersion whgsieotoluminescence was
previously quenched by the presence of histamidaded the restoration of the
photoluminescence (directly proportional to the amoof Nf* added) as

indicated in Figure 51. Such signal restoratiodus to the modulating effect of
nickel on the interactions between quantum dotshastdmine. The formation of
a complex between the nickel ion and histamineery vavourable, which can be
attributed to the fact that histamine contains bathimidazole group and an
amino group that are in close proximity to eacteothesulting in the formation of
a stable Ni* complex and therefore withdrawing histamine frdma hanoparticles

surfaces. As a consequence photoluminescence faooparticles is restored.

It is important to point out that no variation ofigioluminescence was
observed in experiments made with the addition i6f M the working dispersion
in absence of histamine. Tests with the additiontbér ions like Cti, Zr?*, C&*
and Md¢* showed a less effective signal restoration effemtesthe formation of a

histamine complex with these ions are less favdargl®9].
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Figure 51- photoluminescence emission restdi@n of probe due to modulating
effect of nickel on the interactions between quantm dots and histamine. (a) TGA-CdTe
fuorescence quenched with histamine 5.1 xfamol L™, (b) 3.3 x 1&, (c) 1.6 x10, (d) 3.3 x
107, (e) 5.1 x 10, (f) 8.0 x 10" mol L™,
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5.4 Analytical characteristics of observed photoluminesence quenching

A Stern-Volmer model (Equation 5.1) could be readied to establish a
relationship between the measured photoluminesc@fjcand the concentration
of histamine [histamine]. ks the photoluminescence made from the nanoparticl
dispersion before the addition of histamine. Sialesorptivity of histamine above
300 nm is close to zero, even at the high conceémtraf histamine tested, no
correction of the measured photoluminescence wasdate to compensate

attenuation of signal caused by inner-filter effect

Fo/lF = 1 + K [histamine] (5.1)

The photoluminescence emission spectra measuredtfre quantum dots
dispersions were recorded in function of the insirgg concentrations of
histamine (from 3.3 x I0to 5.7 x10' mol L") as indicated in Figure 52.
Analytical curves were constructed by adding insie@ concentrations of
histamine in the quantum dots dispersion, prepaneder the optimized
conditions, followed by the measurent of the phatohescence (Table 10) A
typical analytical curve is shown in Figure 53 wathinear range of the analytical
response up to 5.5 x fanol L™* (61.1 pg mLY) of histamine (final concentration
in the dispersion) with correlation and determioatcoefficients close to the unity
(R = 0.998 and r = 0.999 as indicated in the). TherSVolmer equation model
of the analytical curve wa&/F = 1.4 x 10° [histaming] + 1.01.

The limit of detection (LOD) was 9.6 x £amol L™ (1.1 ug mr* which
means that using 50 pL of sample, the absolute lkrhidetection is 53 ng of
histamine. The LOD was calculated as the conceotradf histamine able to
reduce the original photoluminescence of the dsperof quatum dots ¥ also
called blank, to a value equals tpx3s, where gis the standard deviation of 10
blank measurements.

The precision of the histamine measurement wasiledéd as the standard
deviation of R/F, the §yr), Vvalue taking into consideration ten independent
solutions (in two different histamine concentraipnin order to do this, the

Equation 5.1 was used.
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Srm = FlF X [($/FY + ss/Fo) ™ (5.1)

The seyr), in percentage values, was 2.3% and 3.1% atecésply the 1.6

x 10*mol L*and 4.2 x 18 mol L* concentration levels.
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Figure 52 - Photoluminescence spectra from TGA-Cie quantum dots dispersions in the
presence of different concentrations of histami(mol L'™Y): (a) 0, (b) 3.3x 10, (c) 6.6
x10°, (d) 1.3x10%, (e) 2.0 x1d, (f) 2.6 x10*, (g) 3.2 x1d, (h) 3.9 x1, (i) 4.5 x10*, (j)
5.1 x10*, (k) 5.7 x10* mol L™.
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Table 10- Optimized experimental conditions for thedetermination of histamine using

TGA-CdTe quantum dots aqueous dispersion.

Experimental parameters Optimized Value
Type of quantum dots TGA-CdTe
Phosphate buffer solution 0.01 mot L
pH 8.0
Reaction time 2 min
Concentration of quantum 5x 108 mol L?
dots
Size of quantum dots 2.1 nm
1.98
1.80
1.62 4
=
=
1.44 4
1.26 4
1.08
0 I ]IO l 2|0 l 3I0 I 4IO I SIO l 6|O l 7|0

histamine [10” mol L]

Figure 53 - Stern-Volmer-type calibration curve br the determination of histamine.

5.5 Selectivity studies

The selectivity of the TGA-CdTe nanoparticles imsag histamine was
studied by the evaluation of the effect of the pneg of other chemical species
like amino acids (histidine, valine, tyrosine, lysj phenylalanine, threonine,
methionine, tryphtophan and cysteine) and meta i¢hlgf" Na" K*, zn** ,CI).
Changes in photoluminescence intensity due to teeepce of these chemical
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species were expressed in percent values (see Tahldt was found that TGA-
CdTe nanoparticles are farily insensitive to thespnce of most of the tested
amino acidsHowever, a less pronounced quenching was obseorddyptophan
and phenylalanine and tyrosine.

The selectivity was further improved by applyingsanple extraction
procedure using a weak acidic cationic exchange r@smberlite - CG 50) as
sorbent. This cationic resin is widely used for sleéective separation of histamine
from other biogenic amines and amino acids [160ktdmine has two basic
centers, the primary amine group (aliphatic growd nitrogen atom at the
imidazole ring. At physiological conditions, theipdlatic amino group (pK
around 9.4) will be protonated (histamine become®aovalent cation due to the
protonated primary amine) while the nitrogen atdaziole ring (pkK about 5.8)
will not be protonated. The solution containingtaimine, after the addition of a
10% trichloroacetic acid solution, was passed thinothe cationic solid phase
cartridge previously conditioned with about 5 mLa06.2 mol [* acetate buffer
(pH 4.6). After the application of sample, the ddge was thoroughly washed
with 10 mL of acetate buffer (0.2 mol*L.pH 4.6). The washing resulted in the
removal of traces of remaining amino acids and dmog amines while the
histamine is still retained on the resin. Histamiveess then eluted with 0.5 mL of
HCI aqueous solution (0.2 mol?). After elution, the histamine solution was
neutralized with 0.01 mol £ NaOH solution before added to the TGA-CdTe
quantum dot dispersion.

The effectiveness of the extraction and the rego(&7%) was checked by
passing standard solution of histamine and comgdhie recovery value achieved
in the TGA-CdTe calibration curve with the signéiserved from a standard not

passed through the SPE cartridge.
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Table 11- Effect of potential interfering substance on the photoluminescence emission

of CdTe quantum dots.

Coexisting Concentration Photoluminescenc
substances (wmol LY variations
(%)
Phenylalanine 500 +55
Valine 500 +0.5
Cysteine 500 +2.0
Tyrosine 500 -5.0
Lysine 500 -1.5
Methionine 500 -1.0
Threonine 500 -05
Histidine 300 -4.0
Tryptophan 300 -6.0
NOs 20 -0.9
Mg** 20 +0.8
ca* 500 -1.5
K* 500 0.6
zZn** 500 +1.5
Na" 1000 -0.2
Cr 1000 -0.2
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5.6 Determination of histamine in fish sample

The easy handling of cation exchange resins andoitsbination with the
sensitive TGA-CdTe sensing provides a very simpld e@asy approach for the
determination of histamine in complex samples. pitmgosed photoluminescence
sensing approach has been tested in the deteramir@tiistamine in the flesh of
fresh and canned tuna fish samples. Sample tredtnandescribed in a previous
chapter. Tuna fish was homogeneized and spiked higtlhmine at concentration
level of 1.3 x 10 and 4.0 x 13 mol L. Samples were submitted to the
extraction in the cationic solid phase cartridgbe Ppotential loss of the analyte
during sample preparation was checked by submitiirsgandard solution 4.2 x
10* mol L* to the same extraction procedure proposed fofisheflesh. After
passing throuh the cationic solid phase cartidige,recoveries calculated from
Stern-Vomer model were 96.5 %. The recoveriesectos100 % confirms that

the losses of histamine during extraction weregmsgicant.

Table 12- Determination of histamine in fresh and anned tuna fish spiked with

different amount of histamine (n = 3)

Spiked  Concentration of histamine (fGnol L) Recoveries (%)

sample

Added Founded by Founded by pigpe Reference
probe method reference. athod “method
method
1.33 1.41+£0.10 1.26 106.2 94.5
Tuna fresh
4.0 4.15 +0.27 3.64 103.8 91.1
1.33 1.35+0.13 - 108.2 -
Canned
tuna

4.0 3.99+0.23 - 99.9 -



DBD
PUC-Rio - Certificação Digital Nº 0913861/CA


PUC-RIo - Certificacdo Digital N° 0913861/CA

123

The histamine recovery results using the proposeg@roach were
satisfactory (close to 100%), which indicated thasibility of the sensing using
TGA-CdTe guantum dots (Table 12). The results oletiin flesh of fresh tuna
fish were compared with the results achieved areefee method using the
colorimetric determination that is based on thectiea between the imidazole
ring of histamine and p-phenyldiazonium sulfonai@niplex absorbs at 496 nm).
The results achieved using both methods were sed@agreement as indicated by
Student't-test (The.4c = 0.36 for 1.33 x 16 mol L™ a and 0.2 for 4.0 x 10mol

L with tyiica = 4.3 for 9% confidence level for n =3).


DBD
PUC-Rio - Certificação Digital Nº 0913861/CA




