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f hydrogen sulfide and hydrogen
peroxide in complex samples of milk and urine by
spectroscopic standard addition data and
chemometrics methods

Masoud Shariati-Rad, * Narges Salarmand and Farzaneh Jalilvand

Spectroscopic data of standard additions were collected and used to calculate the spectrum of the

unknown interferent(s) based on the net analyte signal. The proposed method was named net analyte

signal interferent modelling (NAS-IM). In the next step, an H-point standard addition method was used

to obtain the concentration of the analyte in the sample. The method was applied to determine

hydrogen sulfide and hydrogen peroxide in urine and milk samples, respectively. The results of the

method were validated by analysis of the second-order data of the same samples by multivariate

curve resolution-alternating least squares (MCR-ALS) and parallel factor analysis (PARAFAC). The

concentration of the analytes calculated by NAS-IM and second-order methods has a maximum

difference of 7.7%.
1. Introduction

Spectrophotometric and spectrouorometric methodologies
are good choices for analysis due to their low cost and low time
of analysis and due to the generation of few waste products.
However, one of the most serious problems that can occur in
the above quantitative spectroscopic analyses is the presence of
spectral interferents (chemical species which affect the instru-
mental response related to the analyte).1

For solving spectral interferents of a known type, rst-order
calibration methods, like PLS2–6 are recommended if interfer-
ents are included in the modelling samples. Using spectro-
scopic signals, to overcome the complexity of the samples
originating from matrix effects and unknown spectral interfer-
ent(s), multi-way chemometrics methods are applicable.7–12

Multiway data can be obtained by expensive and time-
consuming instruments like HPLC-DAD, HPLC-MS and GC-
MS. In some chemical systems and conditions, second-order
data suitable for multiway methods can be acquired using
spectrophotometric (spectra recorded with time in kinetic
systems) and spectrouorometric (excitation-emission data)
instruments. However, simpler and cheaper approaches in both
chemometrics and instrumentation are required.

Originally, net analyte signal (NAS) was introduced as the
part of a spectrum that the model relates it to the predicted
quantity13 and then it has been extensively used especially in
multivariate calibration.14–22
aculty of Chemistry, Razi University,
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In the previous work,1 based on the concept of NAS, we
introduced and validated a method for estimation of the spec-
trum of the unknown interferent(s) named NAS-IM. Here, the
method is applied to determine hydrogen sulde and hydrogen
peroxide in complex real samples suffering from matrix effect
and interference from unknown interferent(s) using spectro-
uorimetric and spectrophotometric data. Moreover, the
method validated using second-order data of the analyzed
systems and multivariate curve resolution-alternating least
squares (MCR-ALS).

Although hydrogen sulde is known as a toxic gas and it
usually observed in sewers and wastewaters, it can be detected
in the human body and other biological systems.23–26 Typical
reported concentrations of this gas in blood are in the range of
10–100 mM.27 Detection of hydrogen sulde can be performed by
colorimetric,28 electrochemical,29 and gas chromatographic
methods.30 Furthermore, tedious and complicated preparation
of the samples is required.

Hydrogen peroxide is important in clinical, environmental
and biological studies and it is used in many industrial and
related processes as an oxidizing, bleaching and sterilizing
agent. Addition of hydrogen peroxide to milk slows down the
growth of bacteria and holds up its fermentation. Analysis
methods of hydrogen peroxide are usually based on uoro-
metric31–35 and colorimetric methods36–38 using enzymes. Fluo-
rescence determination of hydrogen peroxide is highly sensitive
and relatively free from interferents, however, similar to other
enzymatic determinations it suffers from the reagent instability
and high cost.39 Chemiluminescence techniques based on the
metal-catalyzed oxidation of luminal40–43 have also been used for
This journal is © The Royal Society of Chemistry 2017

http://crossmark.crossref.org/dialog/?doi=10.1039/c7ra00626h&domain=pdf&date_stamp=2017-05-29
http://orcid.org/0000-0002-6090-3821
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c7ra00626h
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA007046


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

0 
M

ay
 2

01
7.

 D
ow

nl
oa

de
d 

on
 4

/8
/2

02
6 

9:
36

:0
6 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
hydrogen peroxide determination. Chemiluminescence tech-
niques have high sensitivity and low detection limit but suffer
from the interference of some cations.40
2. Theory
2.1. NAS-IM

As in the published work,1 we used the modication of Lorber's
et al. equations13 presented by Ferre et al.44 for calculation of the
NAS. The algorithm and the complete description of the
procedure for calculation of the spectrum of the unknown
interferent(s) can be found in ref. 1.
2.2. Two and three way data analysis by multivariate curve
resolution-alternating least squares (MCR-ALS) and parallel
factor analysis (PARAFAC)

The algorithm was previously described in detail else-
where.45,46 The main goal of MCR-ALS is decomposing the
original matrix X (n � p) (n rows showing time or other
evolutionary variable in UV-Vis data and emission wave-
length in EEM data and p columns showing wavelengths in
which UV-Vis spectra recorded or wavelengths in which
samples excited in EEM data) of a multicomponent system
into the underlying bilinear model (X ¼ CST + E). In this
equation, C is the matrix of concentration proles (for e.g.
UV-Vis data) or emission spectra (for excitation-emission
data), ST the matrix of pure spectra containing absorptivity
of the components (for e.g. UV-Vis data) or excitation spectra
(for excitation-emission (EEM) data) and E contains the
experimental error.

In the current work, augmentation was employed to simul-
taneously analysis different matrices from different standard
addition samples by MCR-ALS. Fluorescence data were
augmented excitation-wise (keeping the common excitation
wavelengths for augmented matrices) and kinetic spectropho-
tometric data were augmented wavelength-wise (keeping the
common wavelengths for augmented matrices).

Here, simple-to-use interactive self-modeling mixture anal-
ysis (SIMPLISMA) which identies the purest variables47,48 was
used for calculation of the initial estimate of spectral proles
included in S. In this work, the constraints applied duringMCR-
ALS optimization were (a) the non-negativity for both emission
and excitation spectra and kinetic concentration proles
because theymust be always positive and (b) trilinearity because
three-way data arrays (EEM data and kinetic spectrophoto-
metric data in this case) are trilinear.

PARAFAC algorithm is amulti-dimensional analysis method.
To construct a PARAFAC model for three-way data, a score
matrix A (n � F) and loading matrices B (r � F) and C (p � F) are
dened, such that the unfolded matrix Xn�rp can be decom-
posed as49–51

Xn�rp ¼ AðC� BÞT þ En�rp

here, F is the number of factors to include in the model and r is
the number of runs or data augmented.
This journal is © The Royal Society of Chemistry 2017
3. Experimental
3.1. Apparatus

Recording of the absorption spectra in the spectral range of
200–400 nm was performed by an Agilent 8453 UV-Vis spectro-
photometer equipped with diode array detector in 1 cm path
length quartz cells.

Recording of the uorescence spectra in the spectral range of
300–450 nm was performed by using a JASCO spectrouorim-
eter (FP 6200) equipped with a xenon discharge lamp and a 1 cm
path length quartz cell.
3.2. Reagents and solutions

All of the chemicals and reagents used in this work were of
analytical reagent grade. Iron chloride (FeCl2), hydrogen
peroxide (35%, w/w), phenol, sodium 1,2-naphthoquinone-4-
sulfonate (NQS), hydrochloric acid and sulfuric acid were
purchased from Merck (Darmstadt, Germany). Sodium sulde
was from (BDH chemicals Ltd Poole England). Aqueous solu-
tions were prepared in deionized water.
3.3. Preparation of samples and standard addition

Determination of hydrogen sulde is based on the method
previously introduced by our research group.52 However,
because of the severe interference from unknown species in
media such as urine, the exact procedure reported in that work
is not applicable.

A volume equivalent to 2.50 mL of the stock solution of NQS,
0.50 mL of hydrochloric acid solution with concentration of
0.1 mol L�1 and different volumes (in the order of mL) of the
concentrated solution of sodium sulde were transferred into 5
mL volumetric asks and completed to the mark with the urine
sample. The mixture was mixed well and spectra were recorded
against a reagent blank with time in 1 min intervals for 30 min
at 25.00 � 1 �C (for MCR-ALS). This procedure was performed
for 0.0, 2.0, 4.0, 6.0 and 8.0 mg L�1 of added standard of
hydrogen sulde. It should be mentioned that the last spectra
(aer 30 min) in each case were used to analysis by NAS-IM.

Three different milk samples (1, 2 and 3) were commercially
obtained from a local supermarket. Prior to the determination,
20 mL of 20% (w/w) trichloroacetic acid was added to 20 mL of
each milk sample, followed by stirring for 40 min. Then, the
mixture was centrifuged and ltered through aWhatman no. 41
lter paper twice, and the obtained solution was used for the
analysis of hydrogen peroxide.

In a series of 10.0 mL volumetric asks, a volume equivalent
to 3.9 mL of the prepared milk sample was added and spiked
with different concentrations of hydrogen peroxide. Aer
addition of sulfuric acid (0.18 mol L�1), Fe2+ (6.0 � 10�4 mol
L�1) and phenol (150.0 mg L�1) to the above asks and mixing
well, EEM spectra were recorded in the range of 245–450 nm
aer excitation at 240–310 nm in 5 nm intervals (for MCR-ALS).
For NAS-IM, the same samples were excited at 300 nm and
emission spectra were recorded at 305–450 nm.
RSC Adv., 2017, 7, 28626–28636 | 28627
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Fig. 2 Spectra of the reagent blank (5.00 � 10�4 mol L�1 NQS and
1.00 � 10�2 mol L�1 hydrochloric acid) in the presence of 2.00 mg L�1
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4. Results and discussion
4.1. Evaluation of matrix effect and unknown spectral
interferent(s) in the analyzed milk (for hydrogen peroxide)
and urine (for hydrogen sulde) samples

In order to evaluate matrix effect in the milk samples, sepa-
rately, the uorescence intensity was plotted for the pure stan-
dards and standard addition samples at maximum of the
emission spectrum of the reagents (mixture of sulfuric acid,
Fe2+ and phenol) (331 nm) with excitation at 300 nm. The slope
of the plot for standard samples is 3.94 � 106 and the slopes for
three different milk samples are 2.34 � 106, 3.48 � 106, and
2.29 � 106. The slopes of the standard addition lines to milk
samples are 40.6, 11.7 and 41.9% different from the pure
standards. Therefore, the matrix effect exists in the determi-
nation of hydrogen peroxide in milk samples is conrmed.
Matrix effect can be solved by standard addition.

In order to show the presence of spectral interferent(s) in the
milk samples, comparison of the shape of the emission spec-
trum of the reagent mixture in the presence of pure analyte and
its emission spectrum in the milk samples in the presence of
hydrogen peroxide can also be useful (Fig. 1).

As can be seen from Fig. 1, blank solution has an emission
spectrum with maximum at 331 nm by excitation at 300 nm. By
addition of hydrogen peroxide, the intensity of the spectrum
decreases. This decrease is related to the amount of hydrogen
peroxide. The spectrum of the reagents in three different milk
samples shows clear differences. Among differences, the shis
in the maximum emission to 340 nm for Milk 1 and shi to
342 nm for Milk 2 and Milk 3 can be mentioned. Moreover,
transguration of the spectra can be observed. In milk samples,
the emission spectra have been broadened and contain a low
intensity peak at about 415 nm. Therefore, there are certain
evidences for presence of unknown spectral interferent(s) in the
Fig. 1 Spectra of the reagent blank (0.18 mL concentrated sulfuric acid, F
presence of 5.0� 10�6 mol L�1 of standard hydrogen peroxide, and differ
and 1.0 � 10�5 (Milk 3).

28628 | RSC Adv., 2017, 7, 28626–28636
analyzed milk samples. This result clearly shows the existence
of bias resulted from spectral interferents.

Similar to the milk samples analyzed for hydrogen peroxide,
for evaluating matrix effect, 5 equal aliquots of urines were
spiked with different amount of hydrogen sulde. Aer 60 min,
the spectra of the samples were recorded against the reagent
blank containing NQS (5.00 � 10�4 mol L�1) and hydrochloric
acid (1.00 � 10�2 mol L�1). The two slopes at 320 nm are 0.046
and 0.052 for calibration with pure standards and standard
addition curve. Difference between two slopes is 13.0%.
Therefore, in the analysis of urine samples for hydrogen sulde,
the presence of matrix effect is deduced.

For showing the presence of unknown interferent(s) in the
analyzed urine samples, spectra of a standard solution con-
taining 2.00mg L�1 hydrogen sulde and a solution obtained by
spiking 2.00 mg L�1 hydrogen sulde was compared (Fig. 2).

A signicant increase in the absorbance in the range of 260–
370 nm can be seen in the urine sample. This increase is huge
e2+ 6.0 � 10�4 mol L�1 and phenol 150.0 mg L�1), reagent blank in the
ent milk samples after addition of 5.0� 10�6 (Milk 1), 5.0� 10�6 (Milk 2),

hydrogen sulfide in (a) deionized water and (b) urine sample.

This journal is © The Royal Society of Chemistry 2017
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Table 1 Logarithm of the eigen values obtained by PCA of different
standard addition data

Number

log(EV)

Milk 1 Milk 2 Milk 3 Urine

1 6.38 7.94 7.91 2.13
2 3.44 4.62 3.98 0.21
3 1.08 2.56 2.48 �0.08
4 0.85 1.75 1.60 �1.00
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for the wavelengths around 300 nm. This wavelength range
covers wavelengths suitable for univariate calibration. There-
fore, the presence of spectral interferences in the analysis of
urine sample for hydrogen sulde is veried. Using the stan-
dard addition line at 320 nm, an amount of 9.16 mg L�1

(without considering the dilution coefficient) for concentration
of hydrogen sulde in the analyzed urine sample is obtained.
Clearly, this value is very large and biased and can be attributed
to the presence of unknown interferent(s).
5 0.69 1.36 1.49 �1.67
4.2. Analysis of the standard addition data by NAS-IM

Typical standard addition spectra recorded during addition of
hydrogen peroxide to a milk sample and standard addition of
hydrogen sulde to urine sample in the presence of the reagents
in optimal conditions has been shown in Fig. 3.

Firstly, the standard addition spectra in milk and urine
samples were analyzed for the number of components by
PCA.53–57 The calculated logarithms of the eigen values have
been collected in Table 1. It is clear from the magnitude of the
log(EV) that in all standard addition data, two components are
responsible for the variations. Aer standard addition of the
analyte to the real sample containing analyte plus the interfer-
ent(s), the resulted matrix contains a component with var-
ying intensity and a component with constant intensity
Fig. 3 (a) Emission spectra recorded by excitation at 300 nm during
standard addition of hydrogen peroxide to Milk 3 sample (0.18 mL
concentrated sulfuric acid, Fe2+ 6.0 � 10�4 mol L�1 and phenol
150.0 mg L�1) and (b) UV-Vis spectra recorded during standard addi-
tion of hydrogen sulfide to urine sample (containing 5.00 � 10�4 mol
L�1 NQS and 1.00 � 10�2 mol L�1 hydrochloric acid). Arrows show
direction of changes in spectra during standard addition.

This journal is © The Royal Society of Chemistry 2017
(interferent(s)). Therefore, the rank of the standard addition
matrix is always 2.1

The second step is the analysis of standard addition data by
NAS-IM with two components. Fig. 4 shows the typical results
obtained by NAS-IM for urine sample and a milk sample. As can
be seen in Fig. 4a, the obtained spectrum for the analyte
(product of the reaction of hydrogen peroxide with the reagents)
has negative signals. This is due to the decrease in emission
intensity of the reagents in the presence of hydrogen peroxide.
Inspection of the calculated spectra for milk sample (see Fig. 4a)
shows that the wavelengths correspond to the maximum signal
is 336 and 325 nm for the unknown interferent(s) and analyte,
respectively. Interestingly, in the calculated spectra for the
unknown interferent(s), a shoulder at about 412 nm can be
seen. It is more evident for Milk 1. For a more inspection, the
Fig. 4 The calculated spectrum of the product of the reaction of the
analyte (hydrogen peroxide or hydrogen sulfide) with the reagents, the
NAS for the unit variation in the concentration of the analyte (s*) and
calculated spectrum of the unknown interferent(s) in the (a) Milk 1 and
(b) urine samples.

RSC Adv., 2017, 7, 28626–28636 | 28629
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emission spectrum of the reagents (excitation at 300 nm) and
the calculated one for the unknown interferent(s) can be
compared (see Fig. 1). For other two milk samples (Milk 2 and
Milk 3), calculated spectra by NAS-IM show that analyte have
maximum at 331 nm and 336 and interferent(s) have maximum
at 323 and 326 nm, for Milk 2 and Milk 3, respectively.

In the case where the analyte is hydrogen sulde, signal at
240–470 nm is negative (see Fig. 4b). This can be attributed to
the lower absorbances of the product of the reaction between
hydrogen sulde and the reagent (NQS) in optimal conditions
relative to the reagent mixture (NQS in hydrochloric acid) in this
wavelength region. Based on the Fig. 4b, in urine sample, a high
overlap between the spectrum of the analyte (product of the
reaction between hydrogen sulde and NQS) and that of the
unknown interferent(s) can be seen especially in 300–350 nm.
In wavelength region higher than 360 nm, the signal of the
unknown interferent(s) collapses. However, in this region, the
signal for the analyte is very low.

It is clear that without separation, it is not possible to obtain
the concentration of hydrogen sulde and hydrogen peroxide in
urine and milk samples, respectively. Alternatively, the second-
Fig. 5 H-point standard addition plots obtained for (a) determination of
sulfide in urine sample.

28630 | RSC Adv., 2017, 7, 28626–28636
order data should be acquired and analyzed by the second-order
algorithms. As can be seen in the remainder, using NAS-IM, the
concentration of the analyte can be obtained accurately.

4.3. H-point standard addition method (HPSAM)

Theoretical background of the HPSAM can be found in the
literature.58,59 The method requires that the spectrum of the
interferent be known. Two wavelengths (l1 and l2) are selected
to obtain standard addition lines such that the interferent
shows the same signals but the analyte has different signals at
them. H-point is the intersection point of the two lines with
coordinates (–CH, AH), where CH is the concentration of the
analyte and AH is the analytical signal of the interferent.

The spectrum of the unknown interferent(s) in the analyzed
samples is the main output of the analysis of the standard
addition data by NAS-IM. Using estimated spectrum of the
product of the reaction of analyte with the reagent and the
estimated spectrum of unknown interferent(s), H-point stan-
dard addition method can be applied to determine hydrogen
peroxide and hydrogen sulde in milk and urine samples,
respectively. Typical HPSAM plots have been shown in Fig. 5.
hydrogen peroxide in Milk 1 sample and (b) determination of hydrogen

This journal is © The Royal Society of Chemistry 2017
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Table 3 Standards of hydrogen peroxide and hydrogen sulfide added to the milk and urine samples in the standard addition method

Added standards
(hydrogen peroxide) mol L�1 Matrix Dimensions Analyzed augmented matrix

Milk 1 0.0 M10 15 � 206
5.0 � 10�6 M11
1.0 � 10�5 M12
1.5 � 10�5 M13
2.0 � 10�5 M14 [M10; M11; M12; M13; M14]

Milk 2 0.0 M20 15 � 206
5.0 � 10�6 M21
1.0 � 10�5 M22
1.5 � 10�5 M23
2.0 � 10�5 M24 [M20; M21; M22; M23; M24]

Milk 3 0.0 M30 15 � 206
1.0 � 10�5 M31
2.0 � 10�5 M32
3.0 � 10�5 M33
4.0 � 10�5 M34 [M30; M31; M32; M33; M34]

Urine 0.0 U0 21 � 201
2.0 U1
4.0 U2
6.0 U3
8.0 U4 [U0; U1; U2; U3; U4]

Fig. 6 (a) EEM spectra recorded for Milk 1 sample after addition of standard in the presence of the reagents (0.18 mL concentrated sulfuric acid,
Fe2+ 6.0� 10�4 mol L�1 and phenol 150.0mg L�1) and (b) kinetic UV-Vis spectra recorded for urine sample during reaction of hydrogen sulfide in
the presence of reagents (5.00 � 10�4 mol L�1 NQS and 1.00 � 10�2 mol L�1 hydrochloric acid).
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Based on the H-point standard addition plots, concentration
of hydrogen peroxide and hydrogen sulde were calculated and
reported in Table 2. For showing the presence of unknown
interferent(s), univariate standard addition line was also used to
predict the analyte concentrations (see last entries of Table 2).
As can be seen, the predicted values with this method are all
higher than the values obtained by NAS-IM-HPSAM and MCR-
ALS (Table 3). The effect of unknown interferent(s) is more
pronounced for urine and Milk 2 samples.
4.4. Analyze of the second-order data by MCR-ALS and
PARAFAC

Simultaneous analyze of data matrices of standard additions to
real sample provides not only the second-order advantage but
also can handle matrix effect.

For determination of hydrogen peroxide and hydrogen
sulde in milk and urine samples by MCR-ALS, the acquired
EEM and kinetic data based on the standard additions in
Section 3.3 were arranged in some matrices. The matrices and
their dimensions have been collected in Table 3. For analysis of
data with PARAFAC, the matrices in Table 3 were arranged in
three-way arrays with dimensions n � rp.
Fig. 7 Standard addition plot obtained by plotting relative area of the em
relative area of the kinetic concentration profiles in the standard additio

This journal is © The Royal Society of Chemistry 2017
In each sample, the matrix obtained by augmentation of
matrices in Table 3 was resolved separately by MCR-ALS to nd
the relative responses for the standard additions to milk and
urine samples. It must be mentioned that since the blank for
recording UV-Vis kinetic data is a reagent blank, and aer
starting reaction between analyte and the reagent absorbance
changes, negative values in this case were observed. Therefore,
non-negativity constraint was not applied to the spectral
proles in kinetic UV-Vis data.

In milk and urine samples based on the results of MCR-ALS,
the relative response for the analyte in the sample and its
standard additions were plotted versus the added concentration
of the analyte. The intercept of the calibration line with the
abscissa gave the concentration of analyte in the sample. The
response of the analyte obtained for each matrix was the area
under each resolved emission spectrum in milk samples and
the area under resolved kinetic concentration proles in urine
sample. With PARAFAC, the relative intensity (weight) of the
scores is contained in Bmatrix which can be plotted against the
added concentrations of the analyte as MCR-ALS and used for
calculation of the analyte concentration.

In Fig. 6, typical EEM uorescence data for milk and kinetic
data for urine samples have been shown. For validating the
results of NAS-IM-HPSAM, second-order data of the same
ission profiles in the standard addition samples in Milk 1 sample (a) and
n samples in urine sample (b).
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samples analyzed by NAS-IM-HPSAM were acquired (Section
2.2) and analyzed by MCR-ALS under nonnegativity and trili-
nearity for the milk samples and unimodality and trilinearity
for the urine sample. It must be mentioned that no constraint
was applied in analysis of data by PARAFAC.

Fig. 7 depicts typical standard addition plots for quantica-
tion of hydrogen sulde and hydrogen peroxide in milk and
urine samples, respectively. The area under the resolved emis-
sion spectra for the product of the reaction of hydrogen
peroxide with reagents and kinetic concentration proles for
the product of the reaction of hydrogen sulde in standard
addition samples relative to the area in the sample were
calculated and plotted versus the added concentrations.
Concentration of the analytes in the samples was calculated by
dividing the intercept of the lines to its slope. Results of
determination of the analytes in urine and milk samples using
second-order data of standard additions to corresponding
samples by MCR-ALS have also been given in Table 4. The
correlation coefficient for the resulting standard addition plots
Table 4 Results of the analysis of second-order data of different sampl

Urine Milk 1

MCR-ALS
lof% (ref. 60 and 61) 2.36 mg L�1 5.22 � 10�5 mo

2.49 2.42

PARAFAC
Core consistency 2.65 mg L�1 5.34 � 10�5 mo

99.99 100.00

Fig. 8 Resolved emission (a) and excitation spectra (b) for Milk 1 sample
sample. Analyte related profiles (solid curves) and interferent(s) related p

28634 | RSC Adv., 2017, 7, 28626–28636
were 0.9537, 0.9794, 0.9781, and 0.9527 for three milk samples
and urine sample, respectively. Parameters showing the tness
of the MCR-ALS results are good (lof% lower than 3 and R2% in
most cases higher than 99%). With two factors, PARAFAC
resulted in the highest core consistency in analysis of the data.
As can be seen from the results in Table 4, for milk samples with
EEM data, PARAFAC results in the concentrations which are
closer to the results obtained by NAS-IM. However, for urine
samples with UV-Vis kinetic data, the results of MCR-ALS are
closer to those obtained by NAS-IM. This can be due to the
inherent trilinear character of the EEM data which is well suited
for analysis by PARAFAC.

The resolved proles by MCR-ALS for the EEM data collected
for a milk sample kinetic data of urine sample have been shown
in Fig. 8. Clearly, two excitation and two emission spectra were
resolved in the analysis of milk sample by MCR-ALS (see Fig. 8a
and b). As can be seen from the resolved spectra in Fig. 8, the
contribution of the unknown interferent(s) in the excitation and
emission spectra is very high. Therefore, in the analyzed milk
es by MCR-ALS and PARAFAC

Milk 2 Milk 3

l L�1 9.77 � 10�5 mol L�1 2.34 � 10�4 mol L�1

2.06 2.25

l L�1 1.12 � 10�4 mol L�1 2.12 � 10�4 mol L�1

86.97 99.03

and resolved kinetic concentration (c) and spectral profiles (d) for urine
rofiles (dotted curves).

This journal is © The Royal Society of Chemistry 2017
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samples, the effect of unknown interferent(s) is very large.
Without using the second-order EEM data and analyzing them
by MCR-ALS it is impossible to determine the analytes in the
complex samples.

For urine sample, because of the relatively low changes in
concentration of the unknown interferent(s), it can be
concluded that most of the variation in the analyzed kinetic
data is attributed to the analyte (see Fig. 8c). However, in this
sample, the unknown interferent(s) have a considerable
contribution in signal which can be inferred from Fig. 8c and d.

Proximity of the results of NAS-IM-HPSAM to the MCR-ALS
results (see Tables 2 and 3) conrms the usefulness and
success of NAS-IM-HPSAM in application to complex samples
with unknown interferent(s). Moreover, success of NAS-IM-
HPSAM in application to these samples has previously been
approved.1

5. Conclusions

It was shown that NAS-IM can recover a valid spectrum for the
unknown interferent(s). Based on this spectrum, it can be
possible to determine analyte in complex samples containing
both matrix effect and unknown spectral interferent(s). The
complex samples can be analyzed by the proposed strategy
irrespective of the number of the unknown interferents.
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