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A B S T R A C T   

In this work, the application of EEM-PARAFAC (fluorescence excitation-emission matrix-parallel factor analysis) 
in water treatment processes, has been summarized. First, its most common use, the characterization and 
monitoring of dissolved organic matter (DOM) along freshwater ecosystems, drinking and wastewater treatment 
plants (DWTP and WWTP, respectively), was reviewed. In particular for DWWT/WWTP, the effect towards the 
different DOM fractions after adsorption, coagulation, biological/chemical processes or tertiary treatments (e.g. 
advanced oxidation processes), as well as the PARAFAC components scores (i.e. fluorescence intensity) corre
lation with disinfection by-products formation, were reported. On the other hand, barely barely for the first time, 
we also reviewed the emerging uses of EEM-PARAFAC focused on water treatment studies, such as, the simul
taneous analysis of several fluorescent CECs degradation (with the concomitant formation of major by-products), 
the use of PARAFAC components scores decay to estimate certain CECs removals, the correlation of reactive 
oxygen species formation with the specific DOM fractions originating them, or even the study of interactions 
between DOM with other water constituents. Therefore, this study aims to extend the uses of this economical, 
reagentless and low time-consuming tool to obtain further insight into fluorescent compounds during water 
treatment processes, mainly to: i) tentatively elucidate structural modifications of target analyte (DOM or CECs), 
ii) obtain semi-quantitative data on parent pollutants and by-products variation, and iii) investigate the plausible 
mechanistic aspects which are involved.   

1. Introduction 

Complex sample analysis containing several chemical compounds 
constitutes one of the most important challenges in analytical chemistry. 
The difficulty scales up when the user tries to measure in a cost-efficient 
way and simultaneously, all the analytes from a sample, those being at 
low concentrations and in presence of interferences. In this regard, 
fluorescence spectroscopy is a sensitive and non-destructive method 
widely used for the analysis of complex samples in several scientific 
fields. Among the advantages of this methodology it can be mentioned 
its low cost, the fast response that provides, and none, or simple, sample 

preparation [1]. For instance, in the food industry, fluorescence can be 
very useful towards qualitative and quantitative analysis of aminoacids, 
vitamins, nucleic acids or polyphenols [2], as well as quality assurance 
assays for the denomination of origin verification for products such as 
wine [3], oil [4] or honey [5]. Regarding water treatment applications, 
fluorescence spectroscopy has been mostly applied at drinking water 
and wastewater treatment plants (DWTP and WWTP, respectively) to 
characterize and monitor the different types of dissolved organic matter 
(DOM) [6,7]. 

The three-dimensional plot, fluorescence excitation-emission matrix 
(EEM), is of particular importance towards water samples 
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characterization, as it can be considered as its fingerprint (see example 
in Figure 1). In fact, traditionally, the different DOM compounds emit
ting within a EEM were identified and quantified based on the visible 
peak-picking method, where characteristic fluorescence peaks were 
selected from defined regions [8,9]. However, this procedure might be 
only useful for samples containing few fluorophores. When several 
analytes are present, also in presence of fluorescent interferences, the 
strong signal overlapping requires the application of more sophisticated 
mathematical treatments for their analysis. In this sense, multivariate 
analysis exhibits the ability to simultaneously measure several compo
nents in the presence of uncalibrated fluorophores (second-order 
advantage), and without requiring a separative method (e.g. chroma
tography) [10]. Diverse methods have been tested for EEM signal 
deconvolution, such as Artificial Neural Networks, Principal Component 
Analysis (PCA) and PARAllel FACtor analysis (PARAFAC), being the 
latter the most commonly employed [11,12]. 

Briefly, the idea behind PCA is to generate new variables, C1, …, Ci, 
…, CN, these being linear combinations from the original ones (Eq. 1). 
This process allows achieving dimensionality reduction, therefore, 
simplifying the data set analysis. Each of the linear combination co
efficients, ci1, …, ciN, are called “loadings” and the projected data on C1, 
…, CN, “scores”. The linear combinations are made in a way where C1 
will be in the direction where the variance of the projected data is 
maximized, followed by C2 (orthogonal to C1), and so on. Therefore, 
there will be a certain number of the newly constructed variables which 
will accumulate the relevant information of the system in decreasing 
order, being the last linear combinations only describing the noise or 
interferences. The new variables describing the system are called Prin
cipal Components. Mathematically, the Principal Components are the 
eigenvectors from the covariance matrix. To each eigenvector, the 
belonging eigenvalue provides the data-set variance amount from that 
particular Principal Component [13]. 

Ci = ci1X1 + ci2X2 + … + ciNXN (1) 

PARAFAC is a N-way method, being N the system’s dimensionality. 
Differently from PCA, PARAFAC remains with its multivariate structure. 
For EEM analysis, data will be decomposed with three trilinear ele
ments, aif, bjf and ckf as stated by Eq. 2. 

xijk =
∑F

f=1
aif bjf ckf + eijk (2) 

From Eq. 2, there will be a given number of I total samples whose 
fluorescence was determined in a certain range of J emission and K 

excitation wavelengths. Xijk will be the data point corresponding to the 
ith sample, jth emission and kth excitation wavelengths, respectively, and 
with a variability not considered by the model, eijk. Therefore, if it is 
considered that dataset contains a number F of fluorophores (being F 
named as the number of PARAFAC components—or factors—), aif will 
be directly proportional to the concentration of the fth component in the 
ith sample, bjf an estimate of its emission spectrum, and ckf the estimate of 
its excitation spectrum, being f = 1, …, F [14–16]. 

The major advantage of PARAFAC is its solution uniqueness, which is 
obtained through the Alternating Least Squares algorithm. According to 
the chosen number of PARAFAC components, this algorithm will give 
certain initial loadings to two of the three trilinear elements, calculating 
with least-squares the loadings for the remaining element. Therefore, 
the model is improved with each iteration until it is reached conver
gence in a global minimum [17]. 

The right number of factors/components to model the dataset can be 
chosen according to different possible criteria (main drawback of the 
method), being always mandatory to have chemical consistency. The 
two most accepted algorithms that can usually help choosing the correct 
number of factors are the split-half analysis method and core consistency 
diagnostic [15]. Moreover, unavoidable interferences such as the inner 
filter effect or light scattering must be corrected during model pre
processing [14], as well as normalizing each EEM to its total signal since 
not all the fluorophores in the dataset might have the same fluorescence 
intensity, due to quantum yield or concentration differences, reflected 
on a lower statistical weight when performing the PARAFAC analysis. In 
addition, it is important to consider the matrix effect, since fluorescence 
can be seriously altered with pH changes or by the presence of inorganic 
species (mainly cations due to coordination complexes formation). For 
this reason, sample preparation might include the use of buffer solutions 
to analyse the whole dataset at fixed pH, as well as removing inorganic 
interferences. This is particularly important when dealing with samples 
from Advanced Oxidation Processes (AOPs) reactions, such as Fenton, 
where there is a significant amount of iron that can be chelated by the 
fluorophore(s) and abrupt pH changes occur [18,19]. 

Noteworthy, PARAFAC requires a solid programming background a 
major drawback which has been overcome with several published free- 
access graphical user interfaces [1,20], allowing inexperienced users to 
run the complex equations managed by softwares such as MATLAB©, 
but with a user-friendly graphical interface. Moreover, even though it is 
usually claimed that PARAFAC datasets should contain more than 50 
samples, there are also published approaches to reduce this number to 
just a few (e.g. < 10 samples) by introducing the missing chemical 
variability, such as employing solid-phase extraction permeates, which 

Figure 1. EEM examples from samples taken from a WWTP at its: A) inlet, and B) outlet (tertiary treatment, chlorination).  
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uses already established protocols and the extraction sorbents are 
economical [21]. 

In the last 10 years, 308 Scopus-indexed journal and conference 
papers were published with searched terms “PARAFAC” and “water 
treatment”. As shown in Figure 2, this trend is growing, thus repre
senting the fast uptake of a technique that was introduced to the organic 
matter and water research fields ca. 20 years ago [14,22]. 

In this paper, we review all the potential uses being actually explored 
of EEM-PARAFAC tool in water treatment, not only revising the ones 
within DWTP/WWTP facilities and freshwater ecosystems [12,23–25], 
but also including the emerging ones, such as the analysis of fluorescent 
contaminants of emerging concern (CECs) degradation by AOPs or the 
correlation between reactive oxygen species formation with DOM 
fractions. 

2. Monitoring of DOM in DWTPs and WWTPs 

Natural organic matter (NOM) can be defined as the mixture of 
complex macromolecules excreted by algae, plants or animals, or 
generated by their decomposition. These substances are ubiquitously 
present in the environment (e.g. soil, groundwater, rivers or oceans) 
playing vital roles in the carbon cycle and exerting a high influence in 
aqueous ecosystems [26]. Although its composition is highly variable, 
NOM basically consists of a complex mixture of humic and fulvic acids 
(which account for ca. 50% of total amount), carbohydrates, proteins or 
low molecular weight organic acids. NOM can be classified as particu
late organic matter and DOM, if it is retained or not in 0.45 µm pore size 
filters, respectively [27]. Towards water treatment analysis implica
tions, the most relevant NOM fraction to focus on is the dissolved one. 

DOM is involved in the generation of genotoxic and carcinogenic 
disinfection by-products (e.g. trihalomethanes or haloacetic acids) by 
chlorine-based reagents [28], microorganism proliferation [29], or even 
enhancement of membrane fouling [30], all of which result in an overall 
increase of water production costs. Besides, it can also interact with 
pollutants through its hydroxyl, carboxyl or amino moieties, modifying 
their mobility. This is of particular importance for heavy metals, since 
implicates the risk of their re-dissolution [26]. Therefore, as mentioned 
in previous section, DOM monitoring is of paramount importance in 
water treatment facilities. 

Up to date, the methods most commonly used for DOM monitoring 
within DWTP and WWTP are based on non-specific parameters, such as 
total organic carbon (TOC), chemical oxigen demand (COD), biological 
oxigen demand (BOD) or ultraviolet absorbance at 254 nm (UV254), 
which provide limited information on the nature of the organic matter 
that is present and the changes that it might suffer during the treatment 
[31]. EEM provides complementary information to TOC or UV254 and 
remains relatively simple, economic and fast. For instance, an important 
advantage of EEM vs. UV254, is that while the latter is not able to 
differentiate between compounds with similar absorption spectra, 

variations in EEM are most likely to be appreciated. Moreover, sub
stances with significant absorption at 254 nm, (e.g. high concentration 
of NO3

− ) can give misinterpretations of DOM content [27]. 
Several works intending to popularize EEM-PARAFAC within DWTP 

and WWTP have been published during the last 15 years, demonstrating 
to be useful towards DBP formation trends prediction [23,32], detect 
changes in the composition of DOM during abrupt weather changes [31, 
33], or combining it with machine learning towards online monitoring 
[34,35]. 

2.1. DOM composition in DWTPs and WWTPs 

The concentration and composition of DOM are highly variable 
depending on the origin of water uptake and treatments that have been 
applied, being especially true when comparing samples from WWTP and 
DWTP [24]. However, the DOM fractions differ in quantity, being all of 
them usually present in both cases. Figure 3 summarizes the fluores
cence regions for generally identified types of DOM within the afore
mentioned facilities, these being: protein-like, including tyrosine and 
tryptophan like substances (Ty-L and Try-L, respectively), microbial 
humic-like (MH), humic-like (HLS) and fulvic acid (FA). 

For the sake of quantitative comparisons between studies, Murphy 
et al., 2014, developed an open-access online library of published 
organic fluorescence spectra, called “Openfluor” [37], where the ob
tained PARAFAC components can be compared with those from another 
works, offering the user a more accurate sample characterization beyond 
comparisons based on raw data. 

Knowing the regions where a target DOM emits is an outstanding 
advantage of EEM-PARAFAC over other more traditional analytical 
methods such as TOC or UVA254, since each fraction of DOM can be 
individually tracked; furthermore this measurement requires low sam
ple volumes (ca. 3 mL). Therefore, the user can better understand the 
effects of the different treatment steps based on the behavior of the 
obtained scores (i.e. fluorescence intensity) for each PARAFAC compo
nent, which might afterwards improve the efficiency of the treatment 
plant. 

On the other hand, water sources for DWTP are usually natural 
aquatic environments, and hence, DOM from soil or plant decomposi
tion origin –HLS– predominates [38], whereas WWTP is enriched by 
matter derived from microbial activity [39]. In fact, fluorescence in
tensity ratio between Try-L and HLS is a parameter used for fast classi
fication of water origin. Try-L/HLS ratio decreases from the inlet to the 
outlet of a WWTP, and it is utterly lower when analysing samples coming 
from river or potable water [8]. In line with these statements, Goffin 
et al. obtained good correlation between Try-L component scores with 
biological oxygen demand (r2 = 0.839, p<0.0001) and chemical oxygen 
demand (r2 = 0.825, p<0.0001) within a WWTP [40,41], being these 
correlations poor or moderate when replacing Try-L scores for HLS ones. 
Moreover, Sorensen et al., 2018, proposed that Try-L fluorescence signal 
can be easily used as a fast and continuous indicator of drinking water 
faecal pollution, or cross-connections between potable and reclaimed 
water systems, due to its correlation with thermotolerant coliforms (e.g. 
E. coli) [42]. However, according to authors, threshold for Try-L detec
tion seems to be still high and further efforts to improve the sensitivity of 
these assays are still needed. 

2.2. Effects of treatment processes on fluorescent DOM 

According to previous works, the efficiency of adsorption (mainly 
with granular activated carbon) and coagulation steps in WWTP towards 
DOM, is between 20 to 50% [24,38,43,44]. Particularly for the coagu
lation step, each reagent might be more selective towards a certain DOM 
fraction than other. In this sense, a study comparing three coagulants, 
FeCl3, polyaluminum chloride and Al2(SO4)3, showed that the first two 
were able to remove predominantly protein-like components (Ty and 
Try-like), whereas Al2(SO4)3 exhibited a better performance mainly 

Figure 2. Number of publications in Scopus (https://www.scopus.com) with 
searched terms “PARAFAC” and “water treatment” in the last 10 years. 
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towards HLS [45]. In line with these statements, in DWTP (with higher 
predomination of HLS than Try-L, as mentioned above), Al2(SO4)3 ex
hibits better results as a coagulant than other analogous chemicals [23]. 

Regarding the biological treatments of WWTP (e.g. anaerobic- 
anoxic-oxic process, sequencing batch reactor, or membrane biore
actor), protein-like components shown from moderate (20-50%) to high 
elimination (>80%), moderate for HLS and very low for MH [24]. On 
another hand, it has been also observed that biological and chemical 
treatments were able to reduce the scores from Try-L substances, but 
with a concomitant increment of HLS component scores [23]. This might 
indicate that one type of DOM can be transformed into another, and/or 
the generated by-products exhibit analogous EEM fingerprint as other 
types of DOM, thus increasing the scores of the other fluorophore due to 
impossible/poor signal deconvolution. 

2.3.Tracking DOM changes when employing advanced oxidation processes 

Towards future wastewater discharges directives and use of 
reclaimed water [46,47], tertiary treatments are needed to be coupled to 
the secondary ones within WWTPs. Chemical-oxidative processes can 
induce important changes in organic substances, and hence, in chro
mophore moieties, resulting in a signal decay and/or EEM fingerprints 
shape changes. The previously introduced AOPs, are technologies where 
highly reactive species (e.g. hydroxyl radical, HO●) are generated “in 
situ”, and are able to oxidize organic pollutants, being the reaction 
thermodynamic and kinetically favoured; therefore, these reactive rad
icals can degrade, in a short period, practically every organic substance 
[48]. Among AOPs, it can be mentioned the Fenton(-like) (Fe2+/H2O2 or 
Fe3+/H2O2) and photo-Fenton(-like) (Fenton with UV or sunlight irra
diation) processes, electrooxidation, O3/H2O2, H2O2/UV, Cl2/UV or 
heterogeneous photocatalysis (mainly TiO2/UV). Detailed information 
about these and many other AOPs can be found elsewhere [49–51]. 

AOPs commonly decreases the fluorescence intensity of DOM frac
tions; however, as mentioned in the previous section, PARAFAC com
ponents scores enhancement is also likely observed. Due to the complex 
and varied molecular structures of DOM, as well as the multiple parallel 
reactions that might be occurring, there is still a great discrepancy be
tween reported results. 

When studying the effect of ozonation alone, TiO2/UV and the 
combination of these two, O3/TiO2/UV, significant differences in fluo
rescence signals of DOM were observed. When applying O3, an overall 
fluorescence reduction was observed. The same happened when using 
the combined treatment, O3/TiO2/UV, observing even a faster reduction 
of the overall fluorescence. However, when using TiO2/UV, there was a 
selective enhancement of certain substances emitting at shorter 

wavelengths, probably due to donating groups bonding (e.g. hydroxyl
ation of aromatic rings) [52]. Similarly, another study observed a 
reduction of the score values of one PARAFAC component with the 
proportional increment of another one after oxidation with TiO2/UV 
[53]. 

Świetlik and Sikorska, 2004, studied the fluorescence changes of 
hydrophilic and hydrophobic HLS after the treatment with O3 and ClO2, 
and observed differences according to the type of HLS as well as the 
employed oxidant. After ozonation of hydrophobic HLS, its EEM 
fingerprint maximum exhibited a marked red-shift (i.e. towards higher 
wavelengths), which they attributed to the formation reaction in
termediates exhibiting substituents such as hydroxyl, carbonyl and 
carboxyl (-OH, -C=O and -CO2H), whereas for hydrophilic ones, a slight 
blue-shift was observed. On the other hand, with ClO2 treatment, both 
HLS fractions, hydrophobic and hydrophilic, showed a marked blue- 
shift, which was attributed to their cleavage into molecules with 
smaller molecular weight, that decreases the degree of electron delo
calization of the π-electron system [54]. 

3. EEM-PARAFAC applied to fluorescent contaminants of 
emerging concern degradation studies 

Due to a partial degradation within conventional WWTP, a large 
number of scientific papers have pointed out the presence of chemicals 
from anthropogenic sources in lakes, rivers and oceans all over the 
globe, such as personal care products, pharmaceuticals, food additives 
and/or pesticides [55–58]. The so-called CECs, are present in concen
trations that vary from ng – μg/L, reaching, in some extreme cases, the 
level of mg/L. The real ecological damage that the continuous release of 
these chemicals have into the environment is still unknown, although 
many of them proved to be hazardous even at low concentrations [59, 
60]. In addition to this, the hazards of CECs are also dependent on a 
large and complex set of interactions with other CECs and/or com
pounds commonly found in water bodies, such as NOM, anions and 
metals [58,61]. In fact, CECs frequently undergo adsorption on organic 
matter particles, representing a challenge to the analytical determina
tion of these pollutants in water [62]. Moreover, reaction by-products 
that arise from CECs partial degradations within WWTPs could exhibit 
even higher toxicity than the parent compound [63]. 

Although CECs discharge could be decreased with more sustainable 
consumption habits, it is recognized that, for instance, pharmaceuticals 
are commodities of the vital need for human health; hence, their 
excretion is unlikely to stop in the future. A performance improvement 
in the WWTPs is required to achieve satisfactory CECs and microbio
logical content abatement. In this regard, the aforementioned AOPs 

Figure 3. Typical emitting regions of fluorescent DOM within from DWTP/WWTP systems: Ty: tyrosine-like (Ty); tryptophan-like (Try); microbial humic-like (MH); 
humic-like (HLS), fulvic acids (FA). Based on [23,25,36]. 
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treatment arises as a remarkable alternative to enhance the quality of 
the effluent and ensure safe disposal. 

Recent studies have investigated the possibility of employing EEM- 
PARAFAC as a visual tool for the monitoring of fluorescent CECs evo
lution along degradation processes. Sgroi et al., 2017, selected ten 
WWTPs with different secondary treatments, measured the concentra
tion of eleven CECs by HPLC-MS at the inlet and at the outlet, and 
compared these results with the fluorescence decay of the different DOM 
fractions [64], founding that: i) CECs exhibiting average removals 
higher than 70% (particularly, triclosan, caffeine and ibuprofen) pre
sented good correlations (coefficient of determination, R2 ≥ 0.8) with 
the fluorescence decay from Ty-L and Try-L substances; ii) HLS 
component scores decay trend was significantly related to the one of 
CECs with moderate elimination (between 30% and 70%, being ateno
lol, naproxen and gemfibrozil); iii) recalcitrant CECs (average removal <
30%, being sulfamethoxazole, sucralose and carbamazepine) could not 
be correlated with any DOM fraction. Therefore, it was demonstrated 
that a given DOM fraction removal percentage can provide an analogous 
estimation for some CECs elimination. In conclusion, by only measuring 
and analysing EEMs, the user might predict the removal degree of 
certain CECs (at least those with high to moderate removals) without 
requiring expensive equipment. Most recently, the same authors 
extended this approach by correlating the influent PARAFAC scores 
decay by granular activated carbon [65] and AOPs [66], with the 
analogous CECs elimination for each process. 

DOM interactions with other water constituents were also reported 
employing EEM. For instance, Berkovic et al., 2013, studied the inter
action between FA and Hg2+ [67]; Caram et al., 2018, when employing 
waste-derived soluble bio-based substances (SBO) as a low-cost iron-
chelating agent to extend photo-Fenton efficiency at mild pH conditions, 
observed an interaction between the SBO and the target CEC, thiaben
dazole [68], whereas, in the same research line than the latter, Gar
cía-Ballesteros et al., 2017, observed that the PARAFAC components 
associated to HLS fraction of SBO where the responsible of Fe(III) che
lation at pH 5 and 7, and not the Try-L ones [69]. In fact, only the scores 
from the components associated to HLS fractions were sensitive to 
irradiation (increased), and not the ones of the Try-L, evidencing the 
ligand to metal charge transfer transition (resulting in the Fe(III) 
reduction into Fe(II), which is not chelated) from the HLS-Fe(III) 
complexes. 

Another interesting approach recently gaining momentum, is 
tracking fluorescent CECs removal with this technique. According to our 
knowledge, the first work to use this strategy was published by Carabajal 
et al., 2017, where the degradation ofthe heavy-polycyclic aromatic 
hydrocarbons benzo[a]pyrene, dibenz[a,h]anthracene, benzo[b]fluo
ranthene, benzo[k]fluoranthene and benz[a]anthracene by Fenton re
action was reported [70]. The work demonstrated that the fluorescence 
signal decay of the five parent pollutants (also in presence of other 
non-calibrated fluorescence interferences) can be easily measured in a 
fast way, without any separation method or complex sample prepara
tion, and being able to detect concentrations below the µg/L range. 

In this regard, Sciscenko et al. recently studied the degradation of 
fluoroquinolones (antibiotics) by different AOPs, employing EEM- 
PARAFAC to obtain parent pollutants and by-products kinetics, as well 
as deducing the plausible molecular structures of the reaction in
termediates [19,71]. When degrading a single fluoroquinolone, enro
floxacin, EEM-PARAFAC analysis showed that 4 components belonged 
to formed by-products, and another one to enrofloxacin and 
enrofloxacin-like (by-products with analogous EEM than the parent 
pollutant) compounds. Most importantly, an excellent agreement be
tween PARAFAC components scores with the antibiotic activity decay 
was observed, indicating that this technique could be a fast methodology 
to estimate when a fluorescent CEC reactive site (the environmentally 
relevant moiety to get rid of) is actually oxidized. This strategy was af
terwards extended to the degradation of a mixture of three fluo
roquinolones, being the PARAFAC algorithm able to deconvolute 

–besides from the generated by-products– the three CECs, even though 
the corresponding fingerprints were highly overlapped one with 
another. In Figure 4 it is shown the scores behaviour of the PARAFAC 
components associated to the aforementioned 3 fluoroquinolones plus 
the ones corresponding to a major photoproduct when employing 
H2O2/sunlight [19]. 

In line with these CECs degradation analysis approach, we can also 
mention the following studies: degradation of phenolic compound 
mixtures, commonly found in food processing industry by AOPs [72,73]; 
pentachlorophenol (pesticide) transformation into phenol by zerovalent 
iron [74]; EEM fingerprint changes analysis of anthracene during its 
photodegradation [75]. Moreover, although it was not orientated to 
water treatment, another interesting work was performed by Villarruel 
et al., 2019, where, exploring the behavior of harmaline (alkaloid) 
during its irradiation in water at aerobic and anaerobic conditions, they 
have tentatively proposed the molecular changes produced on the 
compound according to the deconvoluted fluorescence signals, obtain
ing different PARAFAC models for each studied condition [76]. 

Finally, EEM-PARAFAC has been recently proposed to explain the 
specific DOM fractions responsible for reactive oxygen species (i.e. 1O2, 
HO● or O2

●− ) formation during the irradiation of river samples [77], 
resulting to be the quinonic-like compounds (emitting within the region 
of HLS, Figure 3). Therefore if the DOM content is enriched by 
quinonic-like substances, under irradiation, reactive oxygen species 
formation should be considerable, which might lead to 
indirect-photolysis of some CECs, as well as DOM itself. 

4. Conclusions 

In this short review, the classical and emerging uses of EEM- 
PARAFAC in water treatment have been reviewed. For its conven
tional use, the most relevant works characterizing and monitoring DOM 
in freshwater ecosystems, WWTP and DWTP were mentioned. In this 
context, important correlations between the PARAFAC components 
associated to the different DOM fractions with chemical and biological 
oxygen demand, or DBP formation, have been found. One of the major 
drawbacks, namely the difficult mathematical treatment of data, is 
overcome by the development of graphical user-friendly interfaces, and, 
thus, an exponential application of this methodology could be expected. 

Even though there is still scarce literature of EEM-PARAFAC applied 
on CECs, further efforts are meant to evaluate the applicability of this 
tool to gain further insight into the behaviour of fluorescent emerging 
pollutants towards AOPs and to correlate it with detoxification of the 

Figure 4. PARAFAC components evolution during the degradation of three 
fluoroquinolones with H2O2/simulated sunlight in ultra-pure water at initial pH 
7.0. Red, green and blue lines correspond to parent pollutant fluorescence 
decay and the black one to a major intermediate being formed and afterwards 
consumed. Results were taken from Sciscenko et al. 2021 [19]. 

I. Sciscenko et al.                                                                                                                                                                                                                               



Chemical Engineering Journal Advances 10 (2022) 100286

6

effluents. It is also important to remark the low detection limits of 
fluorescence, within the ng – μg/L range, that can be reached without 
complex sample preparation. Overall, PARAFAC allows the use of a 
spectrofluorometer, a low-cost equipment, to obtain a quick picture of 
major trends occurring when chemical oxidation is applied to fluores
cent CECs within a complex aqueous matrix. Hence, this could be an 
alternative for sophisticated methods, such HLPC-MS, when the detailed 
identification of every single component in a sample is not required. 

Declaration of interests 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

This work is part of a project that has received funding from the 
European Union’s Horizon 2020 research and innovation programme 
under the Marie Sklodowska-Curie grant agreement No. 765860 
(AQUAlity). The paper reflects only the authors’ view and the Agency is 
not responsible for any use that may be made of the information it 
contains. The authors wish to also thank the Spanish Ministry of Science, 
Innovation and Universities (MCIU) for funding under the CalypSol 
Project (Reference: RTI2018- 097997-B-C32). Sara García-Ballesteros 
wish to thank the Valencian government for her post-doctoral fellowship 
(APOSTD2019). 

References 
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