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Abstract:  In recent years, membrane technology is increasingly being 
studied and thus became even more used in the production of drinking water. 
However, the presence of foulants in natural waters, as humic acids, affects 
strongly the efficiency of membrane processes. This study has been aimed to 
study humic acid (HA) rejection using a new TiO2 ceramic nanofiltration 
membrane, with enlarged area (1.25 sqm). This membrane is a prototype and it 
has been chemically modified to increase its resistance to get fouled. The 
experiments were carried out on a pilot scale, in the laboratory within the 
Department of Environment ‧Technologies, from the University of Cádiz, 
Spain. For this, ultrapure water and different HA concentrations (10 mg‧L-1, 25 
mg‧L-1, 50mg‧L-1, 75mg‧L-1, 100 mg‧L-1) were used. For the operating 
conditions, a constant temperature of 20 °C, pH 7.0, a constant pressure of 7 
bars and a Cross Flow Velocity of 0.7 m‧s-1 were used. The analytical 
measurements focused on the use of excitation-emission fluorescence matrix to 
study membrane rejection of HA. The results of the conducted experiments 
show that this instrumental technique helps to control the rejection of HA in 
water and, at the same time, highlights the potential of the prototype membrane 
for controlling organic matter from the water. 
 
Keywords:  ceramic membrane, excitation emission matrices (EEM), 

fluorescence, humic acids, nanofiltration 



DASCĂLU, LÓPEZ-RAMÍREZ, NEDEFF, MOSNEGUȚU and RUSU 
 

                                                                                                                             St. Cerc. St. CICBIA  2018 19 (3) 314

INTRODUCTION 
 
Water is a natural resource, essential for today’s society, which not only satisfies the 
basic needs of the human population, but also constitutes the key to the development, 
generation and conservation of economic resources through agriculture, energy 
generation, industry, transport and tourism. Thus, its quantity and good quality is a 
critical issue for any region or country [1, 2]. Natural waters, irrespective of their origin, 
contain numerous impurities, of mineral and organic nature, suspended or dissolved 
substances, in a higher or lower concentration, which they carry along in the course of 
natural circulation [3]. Of the global water resources only 3 % are fresh water resources, 
the most of it is ice, and it contains both inorganics, as well as organic compounds 
(humic substances plus man-made waste) [4]. The global water demand is expected to 
increase significantly in the following decennia. That is why water protection, analysis 
and treatment technology is of increasing importance. The consequences of discharging 
untreated or inadequately treated wastewater can lead to harmful effects on human 
health, having a negative impact on the environment and, at the same time, negative 
repercussions on economic activities [4]. Drinking water quality and its impact on 
human health populations have made of it the subject of international numerous studies 
[5]. 
One of the most important criteria regarding the quality of water is the pollution with 
organic compounds. Humic acids (HA) are a major component of NOM (Natural 
Organic Matter) and are dominant products of plant and animal degradation through 
microbial activity [6, 7]. The NOM is a complex mixture of compounds, including HA, 
hydrophilic acids, amino acids, lipids and proteins. HA are complex NOM mixtures that 
are found almost anywhere in the environment, especially in soils, sediments and 
natural water [3, 8]. HA (Figure 1a) are macromolecules containing different kinds of 
acids, produced by dead organic matter biodegradation and have a dark brown to black 
color. A typical humic substance is a mixture of many molecules, some of which are 
based on a motif of aromatic nuclei with phenolic and carboxylic substituents bonded 
together; Figure 1b presents a typical structure [9 – 11]. 
 

  
 

a) b) 
 

Figura 1. Example of HA: a) product image - humic acid [12];  
b) typical molecular structure of HA [10] 

 
HA are non-toxic compounds, but their presence in water intended for food or industrial 
consumption can have a significant impact on the treatability of that water and on the 
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success of filtration processes. The precise methods of determining HA concentrations 
are therefore essential to maintain the population’s supply of water [2]. 
Concurrently, the intensity of excitation emission matrices (EEM) fluorescence has 
been established as the most popular tool for tracking changes in HA structures and 
compositions, due to its rapid measurement, non-destructive nature and high sensitivity 
[13 – 15]. EEM is an analytical technique that was implemented on a large scale to 
characterize fluorophores in the organic matter in natural water [16, 17]. It has been 
used in various studies, such as monitoring changes in Aquatic Humic Substances 
(HAS) compositions and reactivity, for the photocatalytic oxidation, to investigate the 
chemical compositions of Dissolved Organic Matter (DOM), because it can be easily 
and quickly distinguished between certain DOM classes [18 – 21]. 
NOM can be removed from drinking water through multiple treatment options. The 
advances in membrane technology over the past two decades have shown membrane 
filtration to be an extremely attractive and efficient process for water filtration [22, 23]. 
Nanofiltration (NF) membranes are now widely used in the treatment of drinking waters 
and wastewaters, as well as in the pre-treatment of desalination due to the need to 
eliminate viruses, dissolved organic matter, salts, etc. [24, 25]. 
Ceramic membranes are suitable for applications in many areas, such as wastewater 
recycling, the textile industry, the food and pharmaceutical industry. They offer better 
properties compared to organic ions in terms of thermal, chemical and mechanical 
stability, as well as resistance to microbial degradation [26]. 
The main goal of this paper is to study the HA rejection performance of a new NF TiO2 
ceramic membrane with enlarged area and with a modified surface with antifoulant 
properties. HA has been used as organic model foulant. 
 
 
MATERIALS AND METHODS 
 
NF pilot plant 
 
The experiments were carried out on a pilot plant, in the laboratory of the Environment 
Technologies Department, at the University of Cádiz, Spain. This plant was equipped 
with a NF ceramic membrane (1.2 meters long). At the Figure 2 a scheme of this plant 
is shown. More details can be found in reference [25]. 
 

 
 

Figure 2. Scheme of the pilot plant [25]: 
A - mixer; R - Feed water tank (capacity 100L); S - chiller; P - pressure pump; 

V1 ... V3 - Valves; MC - ceramic membrane vessel; M - manometer;  
D.P. - permeate flowmeter; D.C. - concentrate flowmeter 
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NF membrane 
 
The membrane used is a new ceramic NF membrane of TiO2, which had been modified 
in its active surface using Grignard reagents (GR) to increase fouling resistance. This 
membrane is an innovative prototype, developed within the FP7 Cerawater project 
(FP7) [23, 25, 27]. The membrane has a length of 1.2 meters and 163 tubular channels. 
 
Analyzed indicators and equipment used 
 
To carry out the experiments, different HA concentrations were used (10 mg‧L-1,  
25 mg‧L-1, 50 mg‧L-1, 75 mg‧L-1, 100 mg‧L-1) and solutions with 50 L ultrapure water 
from a Millipore Milli-Q system were prepared for each individual experiment. 
Temperature was constantly kept at 20 °C using a recirculating chiller (JULABO 
FL601). Also, a pH value of 7.0 and a constant pressure of 7.0 bars and a cross flow 
velocity of 0.7 m‧s-1 were observed. 
Following the established operating conditions, experiments were carried out for every 
HA concentration, allowing the plant to work with the appropriate parameters for  
15 minutes for each HA concentration. 
Temperature, flow, pH, conductivity and TOC (Total Organic Carbon), both for the 
permeate and the concentrate, were measured (Figure 3a). However, analytical 
measurements, in particular, focused on the EEM (Emission Excitation Matrices) 
fluorescence, which is aimed at viewing and controlling the HA quantity in water. 
The analyses for the EEM fluorescence were carried out using a JASCO FP-8300 
spectrofluorometer (Figure 3b). This equipment is an advanced spectrofluorometer, 
equipped with approximately 50 types of sample holders to facilitate research work. The 
analyzed data is processed in the Spectra Manager II software. This software contains 
the programs required for recording the spectra on the excitation and emission part, 
basic kinetic measurements, quantitative measurements and measurements at a fixed 
wavelength [28]. 
 

 
 

a) b) 
 

Figure 3. Equipment for sample analysis: 
a) image during pH and conductivity analysis; b) spectrofluorometer FP-8300 [28] 

 
 
RESULTS AND DISCUSSION 
 
The collected samples, after rejection experiments, were analyzed with the Spectra 
Manager II software with regard to the intensity of the fluorescence (a.u - arbitrary 
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units), with an emission wavelength (nm) between 460 and 640 nm and an excitation 
wavelength (nm) between 350 and 600 nm. 
Figure 4 presents the fluorescence intensity for a sample which has a concentration of 
10 mg‧L-1 HA in the initial stage. 
 

  
a) b) 

 

Figure 4. EEM variation at a concentration of 10 mg‧L-1 HA: 
a) feed water; b) the permeate 

 
From the analysis of the obtained results, by means of the FP-8300 spectrofluorometer, 
it is found that the sample used to supply the NF plant has a maximum value of  
68.40 a.u. (Figure 4a). This value corresponds to an emission wavelength of 440 nm and 
an excitation wavelength of 350 nm, and after the NF process this value decreases to 
45.80 a.u (Figure 4b). 
For the solution with an HA concentration of 25 mg‧L-1, the spectrofluorometer 
recorded a maximum value for the fluorescence intensity of 130.5 a.u, (value shown in 
Figure 5a) for the supply sample. This value decreased approximately 4 times after 
analyzing the maximum value of fluorescence intensity for the sample obtained after the 
NF process (Figure 5b). 
 

  
a) b) 

 

Figure 5. EEM variation at a concentration of 25 mg‧L-1 HA: 
a) feed water; b) the permeate 
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Figure 6a shows the variation in fluorescence intensity for the supply sample, whose 
maximum value is of 243 a.u., parameter which decreases after the analysis of the 
permeate sample with a percentage of 82.3 % (Figure 6b). This batch of analyses was 
carried out for a concentration of 50 mg‧L-1 HA in the initial sample. 
 

  
a) b) 

 

Figure 6. EEM variation at a concentration of 50 mg‧L-1 HA: 
a) feed water; b) the permeate 

 
For a concentration of 75 mg‧L-1 HA of solution used to supply the NF plant, after the 
sample’s EEM analysis, a maximum value of fluorescence intensity of 310 a.u. was 
obtained for it (Figure 7a). This value dropped to 53.80 a.u. for the collected sample, 
after the solution passed through the NF plant (Figure 7b). 

 

  
a) b) 

 

Figure 7. EEM variation at a concentration of 75 mg‧L-1 HA: 
a) feed water; b) the permeate 

 
In the results obtained for a concentration of 100 mg‧L-1 HA, present in the supply 
sample, a major difference is found between the fluorescence intensity value obtained in 
the initial sample, respectively 379 a.u. (Figure 8a) and the fluorescence intensity value 
obtained in the permeate sample, after filtration with the ceramic membrane 
(respectively 67.20 a.u. in Figure 8b). 
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a) b) 

 

Figure 8. EEM variation at a concentration of 100 mg‧L-1 HA: 
a) feed water; b) the permeate 

 
As represented in Figure 9, the use of NF ceramic membrane for the retention of HA 
proves to be an efficient alternative. 
 

 
 

Figure 9. Graphical representation of the amount of HA retained, after filtration with 
the NF ceramic membrane, as a result of data obtained by the EEM method 

 
 
CONCLUSIONS 
 
A study was designed in which a solution of 50 L ultrapure water with various HA 
concentrations (10 mg‧L-1; 25 mg‧L-1; 50 mg‧L-1; 75 mg‧L-1; 100 mg‧L-1) was used, 
solution which was passed through a NF plant with ceramic membrane. 
Based on the analysis of the experimental results, respectively following the analysis of 
the fluorescence intensity variation the following conclusions can be drawn: 

a) EEM fluorescence spectroscopy can be used to study membrane rejection after 
filtration. 

b) Regardless of the value of HA concentration used in the experimental 
determinations, it is determined that the fluorescence intensity value for the 
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initial (supply) sample differs from the final one (after the filtration process), 
with a positive difference between the two values. 
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