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ABSTRACT 

Pharmaceutical compounds represent a diverse set of biologically active molecules used in 

human and veterinary medicine. The increase in the consumption of these drugs contributes to 

the constant occurrence of these compounds in aquatic environments.The situation is even 

more serious in conditions of absence of sewage treatment system.This is the case of the city 

of Governador Valadares, located in the state of Minas Gerais, thus discharging all its effluent 

to the Doce river that supplies the region. In order to guarantee the quality of water, especially 

for human consumption, investments in additional treatments are necessary. Among these 

technologies, the use of membranes, which combine the stability of the process with the 

excellent quality of the treatment, stands out. Thus, nanofiltration (NF) and reverse osmosis 

(RO) membranes were tested aiming at the pharmaceutical compounds retention in the Doce 

river raw water. This study was divided into three steps. In the first one, pharmaceutical 

compounds occurrence in all samples of the Doce river raw water was investigated. Among 

the pharmaceutical compounds that were found, the following stand out: Phenylbutazone and 

Prednisone that were rejected in 98 and 80%, respectively, by the DK membrane, whereas 

Betamethasone was 40.85 removed by this membrane. In addition, the efficiency of 

Governador Valadares central water treatment plantwas also assessed, which showed a 

reduction in the concentration of the pharmaceutical products in the potable water when 

compared to the Doce river raw water. The second part investigated five NF and two RO 

membranes that were tested to evaluate the physico-chemical quality and the presence of 

pharmaceutical compounds in permeates. Additionally, the resistance, permeability and 

specific energy consumption (SEC) for each membrane were assessed. It was observed a 

removal high efficiency of the parameters evaluated for the RO membranes, however, these 

membranes presented the highest resistance, energy demandand lower permeate fluxes. Dense 

NF membranes presented abetter set of results. The third phase refers to the choice of the best 

operational condition, evaluating the best transmembrane pressure and feed flow for 

permeates production with high quality in the physical and chemical parameters, as weel asthe 

drugs removal compareted with the Doce river raw water. The best operational condition 

obtained in the study was 10 bar of pressure and feed flow of 3.2 L/min which presented 

permeates flow at 45.99 L / m².h and a SEC of 0.44 KWh.m³ m².  

Keywords: Nanofiltration, reverse osmosis, water, pharmaceutical compounds 



 

RESUMO 

Os fármacos representam um conjunto diversificado de moléculas biologicamente ativas 

utilizadas na medicina humana e na medicina veterinária. O aumento no consumo de 

medicamentos contribui paraa ocorrência constante desses compostos em ambientes 

aquáticos. Em condições de ausência de sistema de tratamento de esgoto, a situação é ainda 

mais grave. É o caso da cidade de Governador Valadares, localizada no estado de Minas 

Gerais, que lança todo o seu efluente no rio Doce, que abastece a região. Para garantir a 

qualidade da água, principalmente a destinada ao consumo humano, são necessários 

investimentos em tratamentos adicionais. Dentre essas tecnologias, destaca-se o emprego de 

membranas, que combinam a estabilidade do processo com a excelente qualidade do 

tratamento. Dessa forma, membranas de nanofiltração (NF) e osmose inversa (OI) foram 

testadas visando à retenção de fármacos na água bruta do rio Doce. O estudo foi dividido em 

três fases. Na primeira, foram investigados os fármacos presentes em todas as amostras 

coletadas no rio Doce, destacando a ocorrência dos seguintes: Fenilbutazona e Prednisona, 

que tiveram a retençãode 98 e 80% pela membrana DK, enquanto a Betametasona teve 

rejeição de 40.85% por essa membrana. Além disso, a eficiência da estação central de 

tratamento de água de Governador Valadarestambém foi avaliada, a qual apresentou redução 

na concentração dos produtos farmacêuticos na água potável quando comparado à água bruta 

do rio Doce. Na segunda parte foram testados cinco tipos demembranas de NF e dois tipos de 

OI para avaliação da qualidade físico-química e de presença de compostos farmacêuticos nos 

permeados. Adicionalmente, foram avaliadosas resistências, permeabilidades e gastos da 

energia especifica para cada membrana. Foi observada uma alta eficiência de remoção dos 

parâmetros avaliados para as membranas de OI, porém, essas membranas apresentaram as 

maiores resistências, gastos energéticos e menores fluxos de permeado. As membranas de NF 

densas apresentaram ummelhor conjunto de resultados. A terceira fase refere-se à escolha da 

melhor condição operacional, avaliando a melhor pressão transmembrana e vazão de 

alimentação para a produção dos permeados com alta qualidade nos parâmetros físico-

químicos, bem como remoção dos fármacos em comparação à água bruta do rio Doce. A 

melhor condição operacional obtida no estudo foi de 10 bar de pressão e vazão de alimentação 

de 3,2 L/min que apresentou fluxo de permeado de 45,99 L/m².h e gasto de energia específica  

de 0,44 KWh.m³ m².  

Palavras-chave: Nanofiltração, osmose inversa, água, compostos farmacêuticos 
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1 INTRODUCTION 

1.1 Contextualization and problem 

Over the past few years, there has been increasing concern about the occurrence and adverse 

effects of emerging pollutants. These pollutants are defined according to the Environmental 

Protection Agency (EPA) as new chemicals that have no current regulations on their 

maximum concentration disposal in environment. In addition, the negative impacts caused by 

these substances on nature and human health are still poorly understood (DEBLONDE et al., 

2011; GARCIA-IVARS et al., 2017; EBELE; ABDALLAH & HARRAD, 2017).  

An extremely increasing presence of emerging pollutants and, pharmaceutical compoundsin 

particular, has been detected at trace concentration (ranging from ng/L up to µg/L) as free 

compounds and/or as metabolites in many environmental matrices worldwide, including 

drinking water supplies, wastewater effluents, soils and sediment (SANGION; 

GRAMATICA, 2016; EBELE; ABDALLAH & HARRAD, 2017; GAFFNEYA et al., 2014; 

GROS, RODRÍGUEZ-MOZAZ & BARCELÓ, 2013). 

Pharmaceuticals are a large synthetic or natural group of substances that represent a several 

set of biologically active molecules designed to treating, curing and preventing diseases, thus 

improving the human and animal health (MINGUEZ et al., 2016; CAI et al., 2017). Among 

the classes that constitute the pharmaceutical group, highlight the anti-inflammatory, 

antibiotics, analgesics, lipid regulators, antidepressants, chemotherapy agents, contrasts, beta 

blockers and hormones. The constant increase in the consumption of these drugs is attributed 

to some factors, such as the development of new compounds for advanced treatment of 

diseases, population growth and the increased of life expectancy. Furthermore, the expiration 

of patents, thus providing generics that are less expensive, also contributes significantly to the 

expansion in the pharmaceuticals consumption (DAUGHTON, 2003). Due to these factors, is 

expected that the global drug consumption in 2020 will reach 4.5 trillion doses, representing 

an increase of 24% over 2015. These values vary according to the level of economic 

development of the country, and the developing nations are the largest contributors to this 

growth (IMSI, 2015). 
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The expansion of the consumption of these drugs contributes to the frequent pharmaceutical 

products occurrence in natural aquatic environments and effluents from wastewater treatment 

plants (WWTP). Pharmaceutical compounds are relatively stable and incompletely absorbed 

and metabolised by human and animal organism, thus resulting in non-absorbed and non-

metabolised portions which are disposed of in the environment through their excretions (urine 

and faeces) (TAHERAN et al., 2016; YAN et al., 2013; JELIC et al., 2011). The drugs are 

extremely resistant to biological degradation processes. The conventional wastewater 

treatment has a limited ability to remove pharmaceuticals and, generally, relevant part of these 

compounds pass intact by treatment stations and remaining biochemically active in the 

aquatic ecosystem (CHIFFRE et al.,2016; KASPRZYK-HORDERN et al., 2009; BOOKER 

et al.,2014; GAFFNEYA et al., 2014; WICK et al., 2009). Moreover, the concentrations of 

some pharmaceutical compounds have been found to increase during the wastewater 

treatment and this fact can occurs as a consequence of the elements conjugates back to the  

their parent compounds (WATTS et al., 2007). Therefore the WWTP, which is contemplated 

only by conventional sewage treatment, have been considered as hotspots for pharmaceutical 

products in the surface water (MICHAEL et al., 2013). Studies have also shown that 

pharmaceutical compounds found in raw water usually persist throughout the process used to 

treat drinking water (ZWIENER, 2007; KASPRZYK-HORDERN et al., 2009; WICK et al., 

2009). 

This problem has encouraged the expansion of scientific research on the possible impacts of 

these compounds on the ecosystem and on human health (BEBIANNO et al., 2016; SHAO et 

al., 2009). Extensive research on this topic began in the 1990s with the development of 

analytical methods, especially the mass spectrometer (MS) and high performance liquid 

chromatography (HPLC). These techniques allowed to separate, identify and quantify the 

drugs in concentrations of ng/L or μg/L in aquatic environments by analyzing the molecular 

structure and exact evaluations of the molar mass of the compounds present in the analyzed 

sample (LÖFFLER et al., 2005; GROS et al., 2012). 

With the development of analytical methods for the detection of pharmaceuticals in the 

environment, especially in water bodies, and in the knowledge of the negative effects of these 

compounds on the ecosystem, the United States and the European Union (EU) are looking for 

extend the regulation and monitoring of these substances in nature (CUNHA et al., 2016). 
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Brazil, however, does not yet have any type of regulation on the drugs occurrence in the 

aquatic environment. But, the Associação Brasileira de Engenharia Sanitária e Ambiental of 

the state of São Paulo (ABES/SP) published in 2012 a document called the Guide to 

Potability for Chemical Substances, which presents 291 priority substances not yet regulated 

by Brazilian legislation. In this guide were mentioned the occurrence of 14 pharmaceutical 

products in the Atibaia river and eight compounds in the Billings dam, but, no protocol for 

monitoring and control for these compounds has been established (UMBUZEIRO et al.,2012; 

CUNHA et al., 2016).   

Nevertheless, Brazil presents an even worse scenario in relation to the developed countries. 

Approximately 17% of Brazilians, which corresponds to 35 million individuals, do not have 

access to drinking water. But the situation of sewage collection and treatment in the country is 

even more worrisome, since half of the population is not covered by sewage collection and 

only 42.67% of all effluent produced in Brazil is treated before it is released into the water 

bodies (INSTITUTO TRATA BRASIL, 2017). The conventional biological treatment of 

sewage is not sufficient to completely remove of the pharmaceutical compounds and the 

absence of such treatment contributes to aggravate the situation. This fact contributes to the 

pharmaceutical compounds occurrence in water intended for human consumption since the 

complete cycle of treatment of water is also not able to completely remove the pharmaceutical 

compounds (LIMA et al., 2014).  

Thus, with the objective of improving the quality of water, especially which destined for 

human consumption, researches are being developed in the improvement of additional 

physico-chemical treatment technologies. Among of these technologies, the membrane 

separation processes (MSP) that combine the stability of operation with the excellent quality 

of the treated water, stands out (WEI et al., 2010; URTIAGA et al., 2013). Among the 

classical membranes separation processes, stand out the microfiltration (MF), ultrafiltration 

(UF), nanofiltration (NF) and reverse osmosis (RO) techniques, which use the pressure 

gradient as the driving force and these membranes differ mainly by size of its pores and, 

consequently, what it is able to reject. The characteristics of the effluent to be treated and the 

quality of the water to be obtained after membrane separation define which type of membrane 

to be used based on its selectivity. For the pharmaceutical compounds removal in aqueous 
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matrices, the application of RO and NF membranes presents a good efficiency (URTIAGA, 

2013). 

The RO and NF are physical separation technologies that use a semipermeable membrane 

acting as a selective barrier, on which an external pressure is applied, causing the solution to 

cross the membrane retaining part of the constituents present in the solution (MALAEB & 

AYOUB, 2011; MILLER, SHEMER & SEMIAT, 2015; SHENVI, ISLOOR & ISMAIL, 

2015). 

Thus, the membrane separation process including reverse osmosis and NF consists of two 

fluid streams which are separated through the membrane in e permeate that has a high quality, 

and in concentrate, which is the reject of the contaminants and other elements dissolved or not 

in the feed (BAKER, 2004; HABERT, BORGES & NOBREGA, 2006). The processs cheme 

of both membranes with the division of fluid streams can be seen in Figure 1. 

FIGURE 1: Scheme of membrane separation process 

 

Some studies indicate that NF membranes provide higher permeability, however, it also 

presents lower rejection of monovalent ions (<70%) than RO processes, but they offer a 

reasonable rejection of multivalent ions (> 99%) and organic matter (> 90%), whereasthe RO 

membrane presents high efficiency in the retention for all of these elements (TANG; CHONG 

& FANE, 2011; AL MAMUN et al., 2017; RICHARDS, 2012). The NF membranes also 

differ from the RO membranes because they present larger molecular weight cut-off 

(MWCO), thus having a higher permeability to water, also presenting a lower pressure 

application to product the same flux when compared to the RO membrane (GEISE; PAUL & 

FREEMAN, 2014; ZHAO et al., 2017). 
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Furthermore, the performance of these membranes in the pharmaceutical compounds retention 

in water is also relevant and being evaluated in some studies, which point out better results for 

RO when compared to loose NF membranes, and similar efficiencies on tight NF membranes 

compared to RO membranes as can be seen in Table 1 (DOEDERER et al., 2014; KIMURA 

et al., 2003; RADJENOVIĆ et al., 2008; COMERTON et al., 2008; ZHAO et al., 2017). 

TABLE 1: Retention percentage of some pharmaceutical products in aqueous matrices using 

NF and RO 

Name of the 
medicine 

Carbamazepine Diclofenac Gemfibrozil 

Medicine group Antiepileptic 
Anti-

inflammatory 
Lipidregulator 

Retention by 
NF (%) * 

99.3 97.2 99.8 

Retentionby 
RO (%) ** 

99.7 99.7 97.7 

References 

COMERTON et 
al., 2009* 

HEBERER et 
al., 2002** 

RADJENOVIC 
et al.,2008* 

HEBERER et 
al., 2002** 

COMERTON et 
al., 2009* 

COMERTON et 
al., 2008** 

* Bibliographic reference for the retention drug using NF 
** Bibliographic reference for the retention drug using RO 

The pharmaceutical compounds removal by the RO and NF membranes is accomplished 

through the interaction between the membrane and the contaminants, which can occur by size 

exclusion, electrostatic repulsion or adsorption (GEANIYU et al., 2015; TAHERAN et al., 

2016). Some researches stand out that the efficiency in the charged pharmaceutical 

compounds retention varied from 89% to over 95% by NF membranes and can exceeded 95% 

by RO membranes (KIMURA et al., 2003; XU et al., 2006). 

However, one of the major obstacles in the use of pressure driven membranes is the fouling. 

This fouling results in several detrimental effects on the efficiency of the process. Among 

these effects, it is worth noting the decrease in water production due to the flow decline. As a 

consequence of this drop in flow, it is necessary to increase the pressure applied as the driving 

force, to obtain the same rate of water production. In addition, fouling also contributes to the 
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gradual degradation of the membrane thereby decreasing the quality of the permeate 

producted and the membrane life span (NG & ELIMELECH, 2004). Fouling can be formed 

by the adsorption processes (BANERJEE & DE, 2010), pore blocked (MATTARAJ et al., 

2011) and cake formation (HOEK & ELIMELECH, 2003). According to Couto, Moravia and 

Amaral (2017), permeate flow is one of the most important operational parameters for the RO 

and NF application, because it represents the water production of the system, consequently, 

affecting the economic feasibility of the use of these membranes in real scale.  

Some researches suggest the association of the pharmaceutical compounds with the organic 

matter, present in the natural aqueous matrices, can contribute with these compounds rejection 

in the NF process. This is because this association allows the solute particles to bind by 

increasing the size of the compound, thus making them larger than the membrane cut-off 

point (HU; JIN & ONG, 2007; COMERTON; ANDREWS & BAGLEY, 2009; PLAKAS; et 

al., 2006; SADMANI; ANDREWS & BAGLEY, 2014.). According to Verliefde et al (2009), 

the presence of colloidal solutes contributes to the effect of concentration polarization which 

may provide an increase in the negatively charged pharmaceuticals rejection. This fact occurs 

due to electrostatic repulsion of the solutes accumulated on the surface of the membrane with 

the negatively charged compounds present in the water. 

In this context, this study aims to evaluate the pharmaceutical compounds removalfrom real 

representative surface water by NF and RO processes. This evaluation was carried out using 

the Doce river raw and treated water, because it is necessary to understand how the 

occurrence of the pharmaceutical compounds happens in natural aqueous matrices. In this 

way, it was possible to analyze a real scenario and how the solutes, that are present in natural 

waters, may interfer in the membrane separation processes that were evaluated in this study. 
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1.2 Justification 

The concern about the pharmaceutical compounds occurrencein natural waters is crescent. 

The United States of America (USA) and the Union Europe (EU) are establishing guidelines 

and standards on monitoring and controlling the maximum concentration of pharmaceuticals 

in aqueous matrices in the environment. This concern is growing and influencing developing 

countries, how is the case of Brazil. However, the lack of studies on the drugs occurrence 

from raw and treated water from a river and not from synthetic samples compromises the 

development of such legislation. In this way, the present study can contribute by 

demonstrating how this contamination occurs in a real scenario. 

With the development of standards that control the occurrence of pharmaceuticals in aqueous 

matrices in the USA and the EU, it is possible to see the progress in research about the 

efficiency and feasibility of complementary treatments for compliance with these guidelines 

in some developed countries. Most of developing countries presents a deficit on the efficiency 

and viability of these complementary treatments aiming at the the pharmaceutical compounds 

retention, mainly in relation to the membrane separation process (MSP). Nevertheless, it is 

necessary to study viable alternatives to meet future legislation that will contemplate the 

control of this type of micro pollutant in water bodies and, consequently, to reduce its 

negative impacts on the environment.  

Thus, this study can contribute to the evaluation of the efficiency about the application of NF 

and RO membranes for the pharmaceutical products retention in the real aqueous matrices by 

evaluating their technical viability. 
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1.3 Objectives 

1.3.1 General 

Evaluate the pharmaceutical compounds removal from real representative surface water by 

nanofiltration and reverse osmosis processes. 

 

1.3.2 Specifics 

 Identify and quantify the most recurrent pharmaceutical compounds in raw and treated 

water by the Central Water Treatment Plant (WTP) of Governador Valadares, Minas 

Gerais; 

 Evaluate and compare the efficiency of the drugs removal that were present in the Doce 

river raw water using NF and RO, regarding pecific energy consumption for each 

membrane tested. 

 To compare the performance of the membrane selected in relation to the complete water 

system treatment in operation in Governador Valadares city in terms of the pharmaceutical 

compounds removal found in the Doce river raw water. 

 To evaluate the effect of transmembrane pressure and feed flow on the pharmaceutical 

compounds retention and on the membrane general performance. 



 

Programa de Pós-graduação em Saneamento, Meio Ambiente e Recursos Hídricos da UFMG 

9 

1.4 Structural form 

Besides this introduction (Chapter 2 and the final considerations Chapter 5), this dissertation 

is structured in three chapters in an article format. The choice of an article format indicates 

that the chapters are interdependent and can be read separately. 

Chapter 2 is about the evaluation of pharmaceutical compounds occurrencein the surface 

water of the aqueous matrix chosen to be worked (Doce river) and these compounds 

occurrence in drinking water that has as manacial the same surface water collect point. 

The third chapter is about the evaluation of NF and RO considering the efficiency of each one 

in regarding to permeate flux, its physico-chemical quality, specific energy consumption for 

each MSP operation and the pharmaceuticals compounds removal.  

After the choice of membrane, from Chapter three, the 4th chapter contemplates the evaluation 

of the transmembrane pressure effect, and feed flow rate on the pharmaceutical compounds 

retention, as well as on the membrane general performance.  

This study stage was carried out using the membrane selected from the Chapter 3 and the best 

transmembrane pressure and feed flow rate indicated in the Chapter 4. In addition, the 

performance of NF and the conventional water treatment system in operation in the 

Governador Valadares city were compared in terms of pharmaceutical compounds removal.  
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2 EVALUATION OF THE PHARMACEUTICAL COMPOUNDS 
OCCURRENCE IN THE DOCE RIVER RAW AND TREATED 
WATER 

2.1 Introduction 

Pharmaceutical products are becoming increasingly prevalent in various compartments of the 

aquatic environment, such as surface water and sewage, in concentrations capable of causing 

harmful effects on aquatic organisms (BRODIN et al., 2014; NIKOLAOU, MERIC, FATTA, 

2007; EBELE, ABDALLAH & HARRAD, 2017). Medicines are considered to be pseudo-

persistent pollutants because they are frequently entering the environment since they are 

widely marketed (GOGOI et al., 2018). According to Kummerer (2010), more than 160 

different pharmaceutical compounds have been detected in aqueous matrices at concentrations 

of ng /L to μg /L. 

According to Jelic et al (2011), after the drug is ingested, the medicine goes through 

metabolic processes in the body and significant fractions of the parent compound are excreted 

through the faeces and urine in the non-metabolized form or as metabolites, followed by the 

sewage collection network to the waste water treatment plant (WWTP), or directly in a water 

body without previous treatment as is the case of the Governador Valadares city, until now, 

which is located in the state of Minas Gerais, Brazil.  

Governador Valadares is the largest municipality in the mesoregion where it is located. 

Despite having approximately 300 thousand inhabitants in the urban area, according to the 

SNIS (2014), whose data can be observed in Table 2, the city does not present sewage 

treatment systems, in this way, all the effluent productedin the municipality is discharched to 

the river that supplies the region. 

TABLE 2: Indicators of water, sewage and sewage treated by water consumed in Governador 
Valadares - MG 

Total population 
(IBGE 2014) 

Indicator of 
urban water 
service (%) 

Indicator of urban 
sewage service 

(%) 

Indicator of wastewater 
treated by water consumed 

(%) 

276.995 99.6 97.7 0.0 

Reference: SNIS (2014). 
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As can be seen in Table 2, the urban water service supply is about 99.60%, which around of 

70% of this service is responsibility of the Central Water Treatment Plant (WTP) of the 

Governador Valadares. 

In Brazil is predominant the water treatment complete cycle which comprising the steps of 

coagulation, flocculation, decantation, filtration, and disinfection (LIMA et al., 2014). 

Nevertheless, this type of treatment is also inefficient in the complete pharmaceutical 

compounds removal, since these WTPs are designed to carry out high particulate 

materialremoval, microorganism and other parameters established by Ordinance Nº. 2914 of 

2011, which does not contemplate standards limits for the pharmaceutical compounds 

occurrence in drinking water (LIMA et al., 2014). 

Although conventional water treatment is not effective for complete pharmaceutical products 

removal, some steps in such treatment can achieves significantly decrease of the concentration 

of some pharmaceuticals in potable water. In the case of Governador Valadares, Central WTP 

makes the capture of the Doce river raw water, which is one of the largest and most important 

rivers in the southeastern region of Brazil (AGÊNCIA NACIONAL DAS ÁGUAS, 2015). 

The the Doce river water quality is monitored by the Instituto Mineiro de Gestão das Águas 

(IGAM). The water quality of this source is regulated by the Resolution of the Conselho 

Nacional de Meio Ambiente (CONAMA) - 357/2005 as class 2, that is, it can be destined for 

human consumption as long as it is treated by a complete cycle treatment (SAAEGOVAL, 

2016). 

It is important to note that on November 5, 2015, the Samarco mine dam tailings, that located 

in the district of Bento Rodrigues, Minas Gerais, broke off. This rupture made with the mud 

reached the Doce river compromising for some days the quality of the water. Thus, the 

Central WTP probably operated using a greater amount of coagulant, chlorine among other 

chemical compounds to guarantee the quality of treated water in accordance with Ordinance 

2914/2011. 

In this context, this study aims to identify and quantify the most recurrent pharmaceutical 

compounds in raw and treated water by the Central WTP of Governador Valadares which is 
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contemplated by the following steps: Coagulation, flocculation, decantation, filtration and 

disinfection by chlorine. 

2.2 Materials and methods 

2.2.1 Water sources 

Collects were performed at the same catchment point that Central WTP of the Governador 

Valadares uses to obtain the Doce river raw water, that will be treated of human consumption. 

This catchment point geographic coordinate is: 18º51'50.045 "S and 41º56'46.86" W. The 

treated water was collected after the disinfection by chlorine in the Central WTP, that 

geographical coordinate is: 18º51'47.83 " S and 41º56'47.02 " W. The period of collects was 

established in April 2016 to April 2017 covering a hydrological year. The collects were 

carried out every three months, as can be seen in Table 3. 

TABLE 3: Schedule of the colletc of the raw and treated water from the Doce river 

 

Collect Collectiondate 

Sample 1 April 2016 
Sample 2 July 2016 
Sample 3 November 2016 
Sample 4 January 2017 
Sample 5 April 2017 

 

The volume collected in each collection was 20 L of raw water and 5L of treated water, which 

were stored in polyethylene bottles previously cleaned with the acid bath of 10% HCl, then 

rinsed with deionized water. During the journey between Governador Valadares to the 

Universidade Federal de Minas Gerais (UFMG), the samples were protected from sunlight. 

As soon as the samples arrived at UFMG, they were stored in the cold camera at 5ºC, located 

in Departamento de Engenharia Sanitária e Ambiental (DESA), until extraction and analytical 

analyzes (normally, within 2 days after arrival). 

2.2.2 Pharmaceutical compounds identification 

The identification of the drugs started with the solid phase extraction step (SPE), whose first 

stage is the filtration of 1L of the sample in hydrophilic PVDF filter of 0.45μm. Then, the 

Aspec Gilson GX-271 Liquid Handler is used so that this volume, already filtered, passed in a 
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constant flow of 5 mL/min by the C18 /18% cartridge (500 mg/6 mL – Applied Separations), 

previously conditioned with 5 mL of methanol and 5 mL of ultra pure water. 

The extraction was carried out in two distinct phases, firstly without pH adjustment (pH 7) 

and then with pH adjustment to 2 by adding 0.002 mols/L H2SO4 solution. After this 

extraction of analytes of interest, the cartridges were eluted using 2x4 mL of methanol. 

An aliquot of this elution is infused directly into the Shimadzu brand HPIM equipment, model 

Prominence DGU / 20A3, coupled to the Bruker brand micrOTOF-QII mass spectrometer 

installed in the DESA / UFMG Laboratory of Mass Spectrometry. With this initial evaluation 

of the drug scanning, it was possible to detect the probable pharmaceutical compounds 

comparing the molar masses of solutes present in the samples with the masses of 87 drugs 

contemplated in the project "Avaliação da ocorrência de fármacos na água para consume 

humano: subsídios para a inserção no padrão de potabilidade brasileiro", a partnership of the 

Fundação Nacional da Saúde (FUNASA) with DESA / UFMG, which this study is part of. In 

addition, the choice these elements for quantification took into consideration the acquisition 

price of the analytical standards. The most recurrent pharmaceutical compounds, among these 

87 drugs in the Funasa project list that were identified in the sample of Doce river raw water 

were analyzed in this study and can be seen in Table 4. 
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TABLE 4: The most recurrent pharmaceutical compounds in the Doce river raw water, collected in April 2016, that were detected in the 
preliminary analysis of full scan using the mass spectrometer 

 
ChemicalGroup Medicine Molecular 

formula 
CAS number Molecular Weight Log Kow pKa 

(g/mol) 
β-Blockers Atenolol C14H22N2O3 29122-68-7 267.17 0.16 9.60 

Analgesicsandanti-
inflammatories 

Betamethasone C22H29FO5 378-44-9 393.20 1.94 12.42 
Phenazone C11H12N2O 60-80-0 189.10 0.38 1.40 

Phenylbutazone C19H20N2O2 50-33-9 309.16 3.16 4.50 

Antiallergic 
Cimetidine C10H16N6S 51481-61-9 252.11 0.40 6.80 
Loratadine C22H23ClN2O2 79794-75-5 382.14 5.20 4.40 
Ranitidine C13H22N4O3S 66357-35-5 314.14 0.27 8.00 

Antiulcerous 
Scopolamine C17H21NO4 51-34-3 303.14 0.98 7.75 
Omeoprazole C17H19N3O3S 73590-58-6 345.11 2.23 7.40 

Antifungal Fluconazole C13H12F2N6O 86386-73-4 306.10 0.40 12.71 
Antidepressants Paroxetine C19H20NFO3 61869-08-7 329.14 1.23 9.60 

Immunosuppressive Prednisone C21H26O5 53-03-2 358.17 1.46 12.58 
Lipid and Cholesterol 

Regulators 
Fenofibrate C20H21ClO4 49562-28-9 361.12 5.19 4.90 

Antibiotics 
Trimeteroprin C14H18N4O3 738-70-5 291.14 0.91 7.20 
Erythromycin C37H67NO13 114-07-8 734.47 3.06 8.90 

Clarithromycin C38H69NO13 81103-11-9 748.48 3.16 8.99 

Reference: PUBCHEM, 2017. 
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With these standards, the infusions will be redone, with the same procedure described 

previously, for the chromatographic quantification of the drugs in each sample. An aliquot of 

this elution is infused directly into the mass spectrometry (MS) micrOTOF-QII Bruker 

installed in the DESA/UFMG Laboratory of Mass Spectrometry. After this preliminary 

analysis of the possible drugs present in each sample, the analytical standards for the most 

recurrent drugs were acquired with high purity (> 99%) of Sigma Aldrich. After this HPLC 

equipment (Shimadzu model Prominence DGU/20A3) was coupled to the micrOTOF-QII 

mass spectrometer (Bruker) to quantify and confirm the possible drugs in each sample. In the 

step, the calibration curves wereconstructed containing 14 points for each possible drug with a 

concentration ranging from 10 ng/L to 8 µg/L.The method detectation limits (MDL) and 

method quantification limit (MQL) were determined, with the concentration of analyte with 

signal-to-noise ratio of 3 and 10, respectively. The quantification of pharmaceutical 

compounds was performed using the chromatrographic conditions described in Table 5. 

TABLE 5: Chromatrographic conditions for the quantification of the pharmaceutical 
compounds in the HPLC coupled to the mass spectrometer 

Parameter Method 
Injection volume 10 µL 

 
Flow rate 0.1 mL/min 

 

Compositionof mobile phase 
 0.1% of formic acid in water 
Methanol 

Mobile phase concentration gradient program Isocratic – 95% B 
 

Total Analysis Time 15 minutes 
 

2.3 Results 

The results of the pharmaceutical products occurrence in the Doce river raw water and the 

water treated by the WTP Central of Governador Valadares can be seen in Table 6. 
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TABLE 6: Evaluation of the presence of pharmaceutical compounds in the raw and treated water in the Central WTP of Governador Valadares 

 

Pharmaceutical 
compounds 

Surface water Potable water 

FO 
(N=5) 

C (ng/L) min-max 
C (ng/L) 
average 

C (ng/L) 
median 

FO 
(N=5) 

C (ng/L) min-max 
C (ng/L) 
average 

C (ng/L) 
median 

Betamethasone 4 20.00-701.04 246.17 131.64 0 <MDL <MDL <MDL 

Fluconazole 3 227.52-573.76 355.89 266.40 2 145.44 - 151.16 148.22 148.22 

Phenylbutazone 1 <MQL-132.72 132.72 132.72 0 <MQL <MQL <MQL 

Prednisone 2 <MQL-50.24 36.76 36.76 0 <MQL <MQL <MQL 
MQL (method quantification limits <8 ng/L); FO (frequencies of occurrence); C (Concentration), 
MDL (method detectation limit) for Betamethasone, Fluconazole, Phenylbutazone was 2.4 ng/L and for Prednisone was 7.2 ng/L. 
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Among the 16 pharmaceutical compounds analyzed in this study, only four of them were 

detected in the Doce river raw water and one in the water from the Central WTP of 

Governador Valadares. The pharmaceutical compounds occurrence in natural aqueous 

matrices is related to seasonal issues as well as socio economic issues and the profile of the 

population that lives in the region, since these factors influence the type of medicine is most 

used in the area. In addition, the sampling points may also influence. It is noteworthy that in 

this study the collections were carried out on the surface of the river Doce in only one point. 

Thus, it cannot be affirmed that the stretch of the river Doce, that was represented by the 

samples collected during one year, does not present contamination by other pharmaceutical 

products that were not contemplated in this study. 

Analyzing Table 6, it can be seen that the conventional treatment contemplated in the Central 

WTP of Governador Valadares obtained a high efficiency in the removal of Betamethasone, 

Phenylbutazone, and Prednisone, since these drugs were detected in raw water, but were not 

found in their respective after treatment. This efficiency in the pharmaceutical compounds 

removal is explained by Huerta-Fontela et al. (2011), which affirm that coagulation using 

aluminum sulphate (Al2(SO4)3) followed by flocculation may be responsible for the removal 

of about 30% of some pharmaceutical compounds. According to Stackelberg et al. 2007 

during the coagulation step, the hydrolysis process may occur, contributing to the decrease of 

pharmaceutical compounds concentration. Moreover, the last stage of the conventional 

treatment that is thedisinfection of water by chlorine can remove some pharmaceutical 

compounds by up to 99% (GIBS et al., 2007; GOGOI et al., 2018).  

However, the conventional water treatment system of the Central WTP did not present high 

efficiency for Fluconazole removal in the 3th sample (November 2016) and in 4th sample 

(April 2017), presenting removal efficiency of 73% and 54%, respectively. 

2.4 Conclusions 

Among the 16 pharmaceutical compounds evaluated in this study, only four were detected, 

the most frequent being Betamethasone. From the fact that only four pharmaceutical 

compounds were detected in the surface water cannot be affirmed that this water presents only 

these compounds, since it may occur others that were not contemplated in this study. In 

addition, the pharmaceutical compounds occurrence in surface water is related to the type of 
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collection, which in this study was performed considering only one point on the river surface, 

and some compounds may be in lower layers or even in the sediment of the river. 

The water complete cycle treatment of the WTP Central of Governador Valadares was 

efficient in the removal of the evaluated pharmaceutical products, only for Fluconazole the 

station presented this efficiency a little lower than that achieved by membrane. Despite this, it 

cannot be affirm that this station presents aremoval eficience for the majority of 

pharmaceuticals compounds that can be found in the natural aquous matrices, since only 

fourdrugs have been evaluated in this study. 

Studies carried out by Loraine and Pettigrove (2006), Stackelberg et al (2004) (2007), Ternes 

et al (2002) show low efficiency for some pharmaceutical compounds removal during the 

processes of water clarification and sand filtration. As the Central WTP of Governador 

Valadares was probably using higher volume and concentration of chemical agents to ensure 

water quality due to the accident, the pharmaceutical compounds removal was larger than 

expected for full-cycle water treatment. 
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3 EVALUATION OF NANOFILTRATION AND REVERSE OSMOSIS 
MEMBRANES TO DRUGS REMOVAL IN THE DOCE RIVER RAW 
WATER 

3.1 Introduction 

In recent years there has been increasing concern about the occurrence and adverse effects of 

emerging pollutants. These pollutants are defined in accordance with the Environmental 

Protection Agency (EPA) as new chemicals that have no current regulations on their 

maximum concentration disposal in the natural environment. In addition, the negative impacts 

caused by these substances on nature and human health are still poorly understood 

(DEBLONDE et al., 2011; GARCIA-IVARS et al., 2017). This category of pollutants 

comprises a wide range of substances with different applications and chemical structures. 

Among these substances, highlights the class of the emerging micropollutants, which are 

found in the environment at low concentrations, as is the case of pharmaceuticals that are 

detected in order of nanogram to microgram per liter in aqueous matrices (SANGION 

GRAMATICA, 2016).  

The pharmaceutical compounds occurrence in the water has been widely discussed in the last 

decade. Many studies have reported the presence of pharmaceuticals in effluents from 

wastewater treatment plants (RAHMAN, YANFUL & JASIM, 2009), and these have been 

identified as a major source of pharmaceuticals in water supply sources, such as rivers, lakes, 

reservoirs and groundwater aquifers at trace levels (in the range of ng/L to µg/L) (ZHANG; 

GEISSEN & GAL, 2008; HUERTA-FONTELA; GALCERAN & VENTURA, 2011). 

Furthermore, the concentrations of some compounds have been found to increase during the 

treatment process due to the transformation of conjugates back to the parent compounds 

(WATTS et al., 2007). The presence of trace concentrations of pharmaceutical compounds in 

the water cycle has increased the concern about the efficacy of water and wastewater 

treatment processes in removing pharmaceutical compounds.  

Membrane technologies demonstrated to be effective barriers to emerging micropollutants 

from water. Nanofiltration (NF) and reverse osmosis (RO) are membrane technologies that 

proved to be efficient in the emerging organic contaminants retention from water and 

wastewater (YOON & LUEPTOW, 2005; URTIAGA et al., 2013; MARYAM; USTUN & 
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BUYUKGUNGOR, 2017). Motivated by that, many studies have been conducted in order to 

identify the main retention mechanisms which governed the pharmaceutical compounds 

retention through this membrane processes. 

The steric hindrance effects the main mechanism involved in the pharmaceutical compounds 

rejectionby NF and RO membranes. Electrostatic effect also plays a significant role in the 

charged pharmaceutical compounds rejection, justifying the high rejection of negatively 

charged pharmaceutical compounds by loose nanofiltration membranes (KONG et al., 2015). 

In addition, almost all pharmaceutical compounds can physically and/or chemically interact 

with the membrane material, leading to their adsorption onto the membrane and potentially 

impacting their rejection (VERLIEFDE et al., 2009; STEINLE-DARLIN; LITWILLER & 

REINHARD, 2017). The mechanisms of adsorption and their respective impacts on rejection 

have been investigated, with hydrophobic interactions recognized as the most common 

mechanism of interaction, which arise from the low surface energy (or, equivalently, high 

hydrophobicity) of the pharmaceutical compounds and/or the membrane (ISRAELACHVILI, 

2015). It has been argued that the effect of hydrophobic interaction on rejection is more 

pronounced for NF membranes than for RO membranes, likely due to the lower importance of 

steric hindrance effects for NF membranes (NGHIEM & SCHÄFER, 2002). However, the 

inevitable fouling layer on membrane surface can modify the physico-chemical characteristics 

of the active membrane layer such as pore radius, surface charge and hydrophobicity and 

influence the membrane rejection mechanisms (LIN; CHIOU & LEE, 2014). Moreover, the 

presence of fouling layer could lead to the adsorption of trace contaminants onto the foulants 

(LI & LEE, 2014).  

Pharmaceutical compounds can also have some specific interactions with the membranes 

through hydrogen bonding. Both polyamide and cellulose active layers of NF and RO 

membranes contain functional groups capable of acting as proton donors or acceptors 

(SCHÄFE; AKANYETI & SEMIÃO, 2011). Similar to hydrophobic interaction, specific 

interactions have a more substantial effect on rejection by NF membranes than by RO 

membranes. 

Some studies as COMERTON et al., 2009; RADJENOVIC et al., 2008; HEBERER et al., 

2002 and COMERTON et al., 2008, have been conducted to compare the performance of RO 
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and NF membranes in rejecting many different pharmaceutical compounds. Generally, RO 

membranes performed much better than loose NF membranes, especially in the rejection of 

non-charged and low molecular weight (MW) pharmaceutical compounds (DOEDERER et 

al., 2014). Nevertheless, tight NF membranes could perform similarly to RO membranes in 

rejecting most pharmaceutical compounds, with the exception of a few contaminants with 

specific properties (COMERTON et al., 2008). Furthermore, the NF is can show advantages 

in terms of energy consumption and water quality. NF membranes are designed to operate at 

pressures lower than RO membranes resulting in a lower of energy consumption. Besides that, 

NF to allow the necessary passage of salts that water needs to contain in many applications 

avoiding the demand of water post-treatment. Notwithstanding, the market favours the 

popularity and the use of RO membranes.  

Although a number of studies have been compared pharmaceutical compounds rejection by 

NF and RO membrane, many of them were focused on its application in synthetic model 

waters in wich the target compounds were spiked, making it difficult to obtain conclusive 

results. In this study performances of surface water treatment by bench-scale NF and RO in 

terms of rejecting pharmaceutical compounds, water permeability and desalination ability 

were investigated and compared. The water was collected in the Doce river in the Governador 

Valadares region where the seweage is discharged without previous treatment. In a previous 

chapter of this study the pharmaceutical compounds occorrence in this water were evaluated 

and four pharmaceutical compounds were detected: Betamethasone, Fluconazole, 

Phenylbutazone, and Prednisone (ng/L). Table 7 summarizes the structures and some physico-

chemical properties of these pharmaceuticals compounds. 
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TABLE 7: The structures and physico-chemical properties of the pharmaceuticals compounds that were found in the 

 
Pharmaceutical compounds Betamethasone

***Therapeutic class Corticosteroid

***Chemical group 
Analgesicsandanti

inflammatories

*Molecular formula C22H29

**Strutural formula 

 

*Molecular weight (g/mol) 393.2
*Log Kow 1.94

*Dissociation constant pKa= 12.42
***Charge at pH 7 Neutral

*Molar volume (cm³/mol) 296
*Polarizability Å 39.7

*Molecular radius Å 6.16

References: * CHEMICALIZE, 2018 ** CHEMICALBOOK
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chemical properties of the pharmaceuticals compounds that were found in the 

Betamethasone Fluconazole Phenylbutazone 
Corticosteroid Antifungal Analgesics 

Analgesicsandanti-
inflammatories 

Antifungal 
Analgesicsandanti-

inflammatories 

29FO5 C13H12F2N6O C19H20N2O2 

 

 

393.20 306.10 309.16 
1.94 0.25 3.16 

pKa= 12.42 pKa= 12.71 pKa= 4.50 
Neutral Neutral Negative 

296 205 263 
39.70 26.92 35.20 
6.16 5.49 6.10 

CHEMICALBOOK, 2018 and ***DRUGBANK, 2018. 
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chemical properties of the pharmaceuticals compounds that were found in the Doce river raw water 

Prednisone 
Gluco corticoid receptor 

Immunosuppressive 

C21H26O5 
 

358.17 
1.46 

pKa= 12.58 
Positive 

274 
37.30 
6.08 
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3.2 Materials and methods 

3.2.1 Water source 

River Doce in the geographical coordinate 18°51'50.45 "S and 41°56'46.86" W, which represents a 

source of drinking water for 400.000 inhabitants and, even with a well-established occupation for 

over 100 years, receives sewage disposal without previous treatment, until now, was selected to 

serve as a background matrix to evaluate the pharmaceutical compounds rejection. River Doce 

water was collected at the intake of  Central WTP of Governador Valadares, Minas Gerais, Brazil. 

Four distinct pharmaceutical compounds have been detected in river Doce water: Betamethasone, 

Fluconazole, Phenylbutazone, and Prednisone (ng/L). 

New plastic bottles were used to collect raw water. These bottles were previously cleaned with the 

acid bath of 10% HCl, and then rinsed with deionized water. After collection, the samples were 

protected from sunlight and stored in the cold camera at 5ºC until extraction and analytical analyzes 

(normally, these analyzes were carried out within two days after samples arrived).
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3.2.2 Membranes 

Five NF and two RO membranes were evaluated in this study. The technical specifications of each membrane, which were obtained from the 

website of their respective suppliers, can be seen in Table 8. 

TABLE 8: Technical membranes characteristics evaluated in this study 

Membrane type Classification 
Poresize 

(mm) 
*Contact 
angle (º) 

*Zeta potential  
pH 9 (mV) 

*Roughness (nm) 
Molecular 

weight cut-off 
(MWCO) 

Material 

Dow Filmtec NF90 NF 0.68 44.7 ± 1.9  –21.0 72.4 ± 5.8 200-400 Polyamide 

Dow Filmtec 
NF270 

NF 0.84 32.6 ± 1.3 –41.3 9.0 ± 4.2 200-400 Polyamide 

Koch Membrane 
MPF 34 

NF 0.82 26.9 ± 0.4  +123 -2  200 Composite 

GE Osmonics DK NF 0.76 40.6 ± 5.2 –18.5 16.4 ± 3.1 150-300 Polyamide 

GE Osmonics 
Duracid 

NF 0.47 -2   -2 -2  150-300 Polyamide 

Dow Filmtec 
BW30 

RO -1 25.9 ± 4.7 –10.1 68.3 ± 12.5 100 Polyamide 

GE Osmonics SG RO -1 72.9 ± 3.9 –24.6 17.3 ± 3.0 100 Polyamide 
1 Pore-free membrane 
2 Data notavailable 
3YOON & LEE.,1998; LEE & LEE., 2007. 
*TANG et al.,2009. 
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3.2.3 Experimental set-up and methods 

NF and RO membranes performance were evaluated in a bench-scale membrane filtration set-

up (Figure 2). Feed water contained in a temperature-controlled (25 ± 2 °C) storage tank. 

Water was transferred to the membrane cells using rotary vane pump, with a variable speed 

motor and a motor velocity controller (Motron CVE 8701 F). The temperature in the 

temperature-controlled storage tank was controlled using a Chiller (Gelaqua®1/3 HP). The 

feed flowrate and transmembrane pressure were controlled by varying the rotary vane pump 

speed and controlling a needle valve in the main concentrate stream. The transmembrane 

pressure was monitored through two manometers located on the in let and outlet of the 

membrane module. The feed flowrate was measured by a flow meter placed at the retentate 

outlet. The stainless steel membrane module had a diameter (2R) of 9 cm, providing a 

filtration area of 63.60 cm2. The radial inlet radius of the cell (r1) was 64 mm and the internal 

channel height (2h) was 1 mm. The membranes tested were properly cut before being placed 

in the cell and a feed spacer with 711 µm (28 mil) was placed over the membrane to promote 

flow distribution. The scheme of the bench unit used for the NF and RO tests can be seen in 

Figure 2. 

FIGURE 2: Scheme of the NF/RO bench scale unit 

 

 

3.2.4 Experimental procedure 

The seven membranes evaluated in this study were submitted to the same experimental 

procedure described below. Firstly, the membrane was chemically cleaned using a solution of 
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0.4% sodium hydroxide and 2% citric acid for 20 minutes in each solution, respectively, in 

the ultrasonic bath (Sanders®). Membrane was rinsed with deionized water after cleaning, 

started the first step of the test, to obtain a membrane water permeability, the membrane was 

placed in the steel cell of the MSP unit and its compaction was started for two hours at a 

pressure of 10 bar until the permeate flow stabilized using 5 L of deionized water as the feed 

applying cross flow rate of 2.4 L/min.  With the stabilization of the permeate flow, the 

operating pressure was varied by 10, 8, 6 and 4 bar, maintaining the feed cross flow rate in 2.4 

L/min. Permeate fow of each pressure was measured to guarantee its stabilization in these 

different conditions, still using the deionized water.  

After this, the second step of test was conducted, in wichthe feed of deionized water was 

replaced by 5 L of Doce river raw water, and the permeationwas started maintaining the 

pressure of 10 bar and the same feed cross flow rate. During this operation, the permeate flux 

was monitored every 5 minutes during the first 30 minutes of the test and the concentrate was 

returned to the feed tank. After this, the monitoring was performed every 10 minutes up to the 

30% recovery rate. 

The third procedure that was adopted was the membrane physical cleaning provoking the 

circulation of deionized water without pressure and applying the feed cross flow rate of 1.2 

L/min to remove all or only a fraction of the organic products that deposited on the surface of 

the membrane during the permeation of Doce river raw water. 

In sequence, the membrane was removed from the steel cell and submitted to chemical 

cleaning using 2% citric acid in an ultrasonic bath for 20 minutes. Finally, the last stage of the 

test was performed, in withthe membrane was returned to the cell of the filtration unit and the 

permeate flow was measured until stabilized by varying the pressures at 10, 8, 6 and 4 bar 

using deionized water in the same initial conditions. 

3.2.5 Calculations 

The permeate flux (J) was measured in liters per square meter per hour (L/ m². h) applying the 

Eq. (1). 

                                                                                                                Eq. (1) 
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Where J(T) is the permeate flux at a temperature T, ΔV is the total volume of the permeate 

(L) collected in the Δt, the filtration time (min), and Am is the effective membrane filtration 

area (m2).  

Flux data were normalized at 25 °C using a correction factor calculated from the ratio of 

water viscosity at the permeation temperature and water viscosity at 25 °C as shown in Eq.2. 

                                                                                                Eq. (2) 

Where J (T) is the permeate flow at the permeation temperature, obtained in Equation 1,  

is the dynamic viscosity of the water at the permeation temperature,  is the dynamic 

viscosity of the water at 25° C and J (25 °C) is the permeate flux corrected to 25°C. 

The observed removal was calculated using Eq. (3), as follows: 

,                  Eq. (3) 

WhereCfandCp represent the solute content in the feed and permeate streams, respectively. 

According to the simplified resistance-in-series model, the total filtration resistance could be 

divided into membrane resistance and fouling resistance. The membrane resistance to 

filtration ( ) was determined from Eq. (4) where k represents membrane permeability: 

                    Eq. (4) 

The total fouling resistance to filtration ( ) was calculated based on the values of the 

normalized effluent permeate flux (JSd) obtained near the end of each experiment (Eq. 2). This 

resistance includes the concentration polarization, adsorption of components on the membrane 

surface, and scaling. 

                    Eq. (5) 

Where (ΔP) is the transmembrane pressure. 

The fouling resistance (Rf) is a combination of the resistance caused by reversible fouling (Rfr) 

and the irreversible fouling layer (Rfir). Rfr is mostly due to the deposition of a cake layer on 

the membrane surface, which can be removed through physical cleaning, such as water 
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washing; thus, it can be controlled by adjusting the feed flow conditions. Rfir is due to 

materials that adsorb into the membrane surface and into the pores that can be removed by 

chemical cleaning. 

The total permeateflux decline (FD) during the filtration test can be obtained using Eq. (6) 

which compares the permeate flux of deionized water (Jw) obtained in the first step of this 

procedure, with the virgin membrane clean with the last measurement of the permeate flow 

using the Doce river raw water (Jsd): 

𝐹𝐷 =
(୎୵ି୎ୱୢ)

௃௪
                                                                                                                     Eq. (6) 

This decline in the permeate flux during the tests is due to concentration polarization and 

fouling, that iscaused with deposition of organic and inorganic matter on the surface of the 

membrane. Thus, it is possible to calculate the decline of the permeate flux attributed to the 

concentration polarization (CP) using Eq. (7), where Jpcis the volumetric water flux of the 

physically cleaned membrane after effluent filtration. 

𝐶𝑃 =
(௃೛೎ି ௃ೞ೏)

௃௪
                                                                                                                    Eq. (7) 

The specific energy consumption SEC (kWh/m³ of permeate) was calculated according to Eq 

8 and 9. 

SEC =
𝐖

𝐐𝐏
                    Eq. (8) 

W =
∆𝐏×𝐐𝐅

𝟑.𝟔×𝟏𝟎𝟔
                    Eq. (9) 

Where W is the rate of work done by the pump (kWh/s), ∆𝑃 is the difference between the 

feed pressure at the entrance of the membrane and the pressure of the raw water, which is 

assumed to be equal to the atmospheric pressure (N/m²), and 𝑄ி and 𝑄௉ are the feed and 

permeate flow rates (m³/s), respectively. 

3.2.6 Analytical methods 

The collected samples of water and permeates were analyzed according tothe following 

parameters: Turbidity (Hach 2100AN Turbidimeter) (Method 2130B), pH (Qualxtron QX 

1500 pH meter) (Method 4500B), absorption at 254 nm and apparent color (Hach 
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Spectrophotometer DR 2800) (Method 2120B), total suspended solids (TSS) (Method 

2540B), total organic carbon (Shimadzu TOC-V CNP TOC Analyzer) (Method 5310), 

conductivity (Hanna HI 9835 Conductivity Meter) (Method 2510 B) and ion scan (ICP-OS) 

(Method 4110B). These analyses were made according tothe recommendations of Standard 

Methods for the Examination of Water and Wastewater (APHA 2012). All these analyzes 

were carried out in triplicates in the laboratories of the Departamento de Engenharia Sanitária 

e Ambiental (DESA) of Universidade Federal de Minas Gerais (UFMG). 

Pharmaceutical compounds were analyzed using a HPLC (DGU/20A3 Prominence, 

Shimadzu, Japan) coupled to the micrOTOF-QII mass spectrometer (Bruker) with an 

electrospray ionization source (ESI) in positive mode. The detection limit for each 

pharmaceutical compound was around 8 ng/L. The uncertainty of estimates is of 1% 

according to a validation method of the analysis protocol. Recoveries are between 86 and 

100% but are compensated by the calibration, which is processed the same way as the 

samples. Water samples were previously filtered in 0.45 μm hydrophilic PVDF filter. 

Analytes were isolated from water samples (1 L) in two steps, firstly without pH adjustment 

(pH 7) and then with pH adjustment to 2 by adding 0.002 mols/L H2SO4 solution, using a 

polymeric C18/18% cartridge (500 mg/6 mL – Applied Separations) preconditioned with 5 

mL of methanol and 5 mL of ultra pure water, and then eluted with methanol using Aspec 

Gilson GX-271 Liquid Handler. Separation was achieved on a Shim-pack XR-ODS C18 

column (2.0 mm; 50 mm and 2.0 µm; Shimadzu, Japan) with the mixture of 0.1% of formic 

acid water and methanol as the mobile phase. The flow rate and injection volume were 0.1 

mL/min and 10 µL, respectively. The mobile phase gradient followed an isocratic method 

using 95% of methanol for 15 minutes.  

3.3 Results 

3.3.1 Membrane fouling 

Figure 3 shows reversible and irreversible membranes fouling resistances for the different NF 

and RO membranes evaluated. 



 

Programa de Pós-graduação em Saneamento, Meio Ambiente e Recursos Hídricos da UFMG

FIGURE 3: Fouling resistances (reversible and irreversible) in NF 
treating surface water (x1012

 
As can be seen in Figure 3, 

since these membranes are considered dense because they don’t have pores, but 

some interstices that allow the passage of the solvent 

NF 270 nanofiltration membrane had the lowest intrinsic membrane resistance because it is 

the loosest membrane that was evaluated in this study, which facilitates the perm

water through the selective barrier. Among the nanofiltration membranes that were evaluated, 

the NF 90 was the tightest membrane presenting the smallest pores

had the highest intrinsic resistance since the solvent find mo

membrane than other nanofiltration membranes.

The flux decline could be associated with concentration polarization 

The flux decline observed during the surface water 

reverse osmosis membranes occurred mainly due to concentration polarization (Table 
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As can be seen in Figure 3, the membrane intrinsic resistance is higher for reverse osmosis, 

since these membranes are considered dense because they don’t have pores, but 

e interstices that allow the passage of the solvent (TU, CHIVAS & 

NF 270 nanofiltration membrane had the lowest intrinsic membrane resistance because it is 

the loosest membrane that was evaluated in this study, which facilitates the perm

water through the selective barrier. Among the nanofiltration membranes that were evaluated, 

the NF 90 was the tightest membrane presenting the smallest poressize

had the highest intrinsic resistance since the solvent find more obstacles to cross the 

membrane than other nanofiltration membranes. 

The flux decline could be associated with concentration polarization and fouling

The flux decline observed during the surface water permeation by the nanofiltration and 

rse osmosis membranes occurred mainly due to concentration polarization (Table 
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Fouling resistances (reversible and irreversible) in NF and RO membranes 
for RO membranes) 

 

resistance is higher for reverse osmosis, 

since these membranes are considered dense because they don’t have pores, but theyhave 

 NGHIEM, 2011). The 

NF 270 nanofiltration membrane had the lowest intrinsic membrane resistance because it is 

the loosest membrane that was evaluated in this study, which facilitates the permeation of 

water through the selective barrier. Among the nanofiltration membranes that were evaluated, 

size, consequently, NF 90 

re obstacles to cross the 

and fouling phenomena. 

by the nanofiltration and 

rse osmosis membranes occurred mainly due to concentration polarization (Table 9). 
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TABLE 9: Permeate flux, flux decline along the test and specific energy consumed for each 
membrane evaluated in this study using 10 bar of pressure and 2.4  L/ min of feed flow rate 

Membrane 
Jw

a 
(L/m2.h) 

Jsd
b 

(L/m2.h) 
Jpc

c 
(L/m2.h) 

Jcc
d 

(L/m2.h) 

Flux decline type (%) SEC 
(kWh.m3) Total Fouling CPe 

NF 270 77.70 72.00 77.2 77.50 8 1 7 0.21 

DK 50.00 47.71 48.63 49.10 5 3 2 0.32 

Duracid 42.40 36.53 40.54 41.37 14 5 9 0.42 

MPF 34 47.16 43.16 46.26 46.39 8 2 6 0.35 

NF 90 35.98 30.52 33.58 35.73 15 7 8 0.50 

BW30 18.47 13.65 17.79 17.93 26 4 22 1.12 

SG 15.04 10.32 14.37 15.00 31 4 27 1.49 
ainitial effluent permeate flux; 
bfinal effluent permeate flux; 
cwater permeate flux after physical cleaning 
dwater permeate flux after chemical cleaning; 
epermeate flux decline attributed to the concentration polarization 
 
It is noteworthy that there is no correlation between membrane fouling and pore diameter 

suggesting that other membrane properties play a more important role in the mechanism of 

membrane fouling. Among the nanofiltration membranes, the lower membrane fouling 

observed with the DK and NF270 membrane could be attributed to the greater pore diameter 

associated to low surface roughness, low hydrophobicity and high negative zeta potential 

(Table 8) which could subsequently lead to lower fouling potential compared with others 

membranes. The high surface roughness of a membrane could render this membrane more 

susceptible to fouling because foulant particles could accumulate in the valleys on the 

membrane surface due to higher local flux over valley regions (TU, CHIVAS & NGHIEM, 

2011). According to Schäfer, Faneand Waite (2000) a more negative membrane zeta potential 

could lead to a higher salt rejection due to an enhanced electrostatic interaction between the 

negatively charged membrane surface and charged solutes. The relative smaller membrane 

fouling observed with the DK membrane compared with NF 270 membrane could be 

associated to the higher operational permeate flux (72 L m−2 h−1) in comparison to that (48 L 

m−2 h−1) of the DK membrane (Table 9). The higher permeate flux introduced more foulant to 

the membrane surface, and subsequently encouraged fouling on the NF 270 membrane. 

Altough SG reverse osmosis membrane has a smooth surface and higher negative zeta 

compared to that of the BW 30 membrane, the SG membrane showed the higher fouling 

resistance. The greater fouling potencial of the SG membrane could be related to the higher 

hydrophobicity that could make the SG membrane more vulnerable to fouling due to 
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hydrophobic interaction between membrane surface and hydrophobic foulants present in the 

surface water.  

RO membranes weremore severely influenced fouling than the NF membranes due to higher 

rejection efficiency of the RO membranes compared to the NF membranes that showed a 

greater concentration polarisation at the membrane surface (Table 9). The contribution of 

concentration polarisation to total flux decline in the RO membrane range from 22 to 27% 

whereasfor NF membrane the concetration polarisation contributes to 2-9%. Consequently, 

membrane fouling was more severe for the RO than for the NF membrane. It can also be 

observed that greater fraction of fouling in both NF and RO are reversible and only a small 

fraction requires chemical cleaning to be removed. The high intrinsic membrane resistance 

and fouling resistance for RO membrane imply in the higher specific energy consumption for 

RO membranes (1.12-1.49 kW/m3) compared to NF membrane (0.21-0.50 kW/m3). 

3.3.2 Desalination ability 

It is necessary to know the physico-chemical characteristics of the feed, since the elements 

present in this solution interfere in the interaction of the feed with the membrane surface, 

therefore also influences the permeate flux and the mass transfer during the permeation 

process. In addition, when comparing the physico-chemical characterization of the feed with 

the results of the same analyzes from permeates producted during the tests of each membrane, 

it is possible to verify the efficiency of each membrane that was evaluated.  

These results of the first sample (April 2016) of surface water, and of permeates producted by 

each membrane evaluated in this study can be seen in Table 10. 
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TABLE 10: Physico-chemical analysis results of the surface water collected in April 2016, and of the permeates producted by NF and RO 
membranes using 10 bar of pressure and 2.4 L/ min of feed flow rate 

 

  
Surface 
water NF 270 DK MPF 34 DURACID NF 90 BW30 SG 

Potability 
standards  

Nº 2914/2011 

Parameter Value Value Value Value Value Value Value Value Value 

pH 7.10 6.57 6.37 6.41 6.33 6.35 6.41 6.70 6.00-9.00 

Conductivity 
(µS/cm) 

161.00 33.60 17.89 35.60 14.70 21.40 34.40 36.30 -1 

Turbidity 
(NTU) 56.50 0.08 0.08 0.07 0.08 0.06 0.07 0.07 0.50 

TSS (mg/L) 20.000 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 -1 

Apparent 
color  

(mg Pt-Co/L) 
196 <5 <5 <5 <5 <5 <5 <5 15 

UV 
Absorbance 

(254 nm) 
0.349 0.009 0.002 0.018 0.010 0.010 0.001 0.002 -1 

TOC (mg/L) 2.53 0.91 0.86 1.00 0.47 0.53 0.50 0.39 -1 

Ca (mg/L) 12.38 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 -1 

Mg (mg/L) <1.25 <1.25 <1.25 <1.25 <1.25 <1.25 <1.25 <1.25  -1 

Na (mg/L) 6.40 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 200.00 

K (mg/L) 2.70 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 -1 

-1Parameter not covered by Brazilian Potable Water Legislation nº 2914 
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Sodium can be incorporated into natural water by two routes, being natural through the rocky 

composition of the region and the second source is related to anthropic activities due to 

contamination of sanitary and industrial sewage (USEPA, 2015; VON SPERLING, 2007; 

PIRATOBA et al., 2017). Despite the Governador Valadares discharge all sewage, that was 

producted in the city, directly into the river without any kind of treatment, the sodium 

concentration that was found in the feed was low. This fact can be explained by the great 

avarenge flow rate of 11 L/s.km2 which allows the dilution of this element (PIRH, 2010). It is 

observed that when the membrane was filtered, the sodium concentration decreased 

considerably, being below the limit of detection of the method that was used. 

The same happened to potassium, which according to Zuin et al (2009) this chemical element 

is found in low concentrations in natural environments, being its main natural source the 

leaching of rocks and anthropogenic activities, stands out the contamination by the industry 

and in the farming. The low concentration of potassium in the feed source of the tests can also 

be explained by the dilution by the great volume of water of the Doce river. 

The hardness of water is usually associated with the presence of calcium and magnesium. 

These two elements have as main route of entry in natural water matrices through the leaching 

of the rocks present in the region. In this case, the hardness of the sample was attributed to the 

calcium concentration, which was retained by the membranes evaluated; presenting results in 

permeates of values below the limit of detection of the method.  

According to Tundisi and Matsumura (2008), the conductivity in a water body is related to the 

concentration of ions present in it, which can also be influenced by the rocky composition of 

the region. Observing results of Table 10, the concentration of this parameter in permeates 

reduced considerably compared to the raw water. The highest efficiencies obtained were of 

89.0% and 88.9% for the Duracid and DK membranes, respectively. 

All the evaluated membranes removed more than 99% of the TSS, so they also showed high 

efficiency in the removal of the apparent color and the turbidity, since the TSS concentration 

contributed to the increase of the turbidity, since this parameter hinders the penetration of 

light into water (CARRERAS, 2010). 

The TOC analysis was performed in substitution of the chemical oxygen demand (COD) 

analysis, since the concentration of COD in the raw water and in permeates was below the 

detection limit of the method. The TOC analysis considers the biodegradable and non-
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biodegradable portions of organic matter. Organic carbon in fresh water originates from living 

matter and also as a component of several effluents and wastes, thus TOC being an indicator 

of the degree of pollution of the water body (CETESB, 2016). Analyzing the data referring to 

this parameter in the Table 10, it is possible to notice that the surface water did not present 

great presence of organic carbon, in spite of the river receiving the sewage producted in the 

city of Governador Valadares without previous treatment. This fact can also be explained by 

the large volume of the river, which leads to the dilution of this carbon. In addition, there is 

also the auto depuration capacity of the river that can contribute to the low concentrations of 

carbon in this water course. 

But, observing Table 10, the TOC rejection for NF 90 membrane is compatible with RO 

performance. Although there is no legal TOC limit for drinking water, it is important to note 

that the composition of the organic fraction is more important than the global TOC 

concentration/rejection due to the possibility of the presence of micropollutants. NF and RO 

membrane UV Absorbance (254nm) rejection was also high, above 97 and 99% for NF and 

RO, respectively. This higher rejection was reached because these membranes preferentially 

remove the aromatic/ hydrophobic organics to which UV Absorbance (254 nm) is attributed 

(RUBIA et al., 2008). 

3.3.3 Pharmaceutical compounds rejection 

In the 2th chapter of this study, was mentioneted the occorrence of three phamarceutical 

compounds that were detected recurrently in the first sample (April 2016) of the Doce river 

surface water: Fluconazole, Phenylbutazone, and Prednisone. These pharmaceutical 

compounds are in the group of the most frequently prescribed in human medicine. In Brazil, 

as well as the European Union, there are no legal limits of these compounds in the drinking 

water. Table 11 summarizes the structures and physico-chemical properties of presented 

compounds. 
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TABLE 11: Pharmaceutical compounds that were found in the surface water
properties 

 
Pharmaceutical compound

Therapeutic class 

Chemical group 

Molecular formula 

**Strutural formula 

Molecular weight (g/mol)
Log Kow 

Dissociation constant 
Charge at pH 7 

*Molar volume (cm³/mol)
*Polarizability 

**Molecular radius 
References: * CHEMICALIZE, 2018

graduação em Saneamento, Meio Ambiente e Recursos Hídricos da UFMG 

ds that were found in the surface water samples collected in April 2016 and their physico

compound Fluconazole Phenylbutazone Prednisone
Antifungal   Gluco corticoid receptor

Antifungal 
Analgesicsandanti-

inflammatories Immunosuppressive

C13H12F2N6O C19H20N2O2 C21

 

 

Molecular weight (g/mol) 306.1 309.16 358.17
0.40 3.16 1.46

 pKa= 12.71 pKa= 4.50 pKa= 12.58
Neutral Negative Positive

³/mol) 205  263 274
26.92 35.20 37.3
5.49 6.10 6.08

References: * CHEMICALIZE, 2018 **CHEMICALBOOK, 2018  and ***DRUGBANK, 2018.
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n April 2016 and their physico-chemical 

Prednisone 
corticoid receptor 

Immunosuppressive 

21H26O5 
 

358.17 
1.46 

pKa= 12.58 
Positive 

274  
37.30 
6.08 

and ***DRUGBANK, 2018.
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The organic compounds presented in the surface water have similar molecular weight and 

molecular radius but they have distinguishing properties (hydrophobicity and dissociation 

constants) that makes them interesting to be compared. Regarding the hydrophilic or 

hydrophobic character of pharmaceutical compound, the octanol-water partition coefficient 

(Kow) can be used as an indicator of the sorption properties of a pollutant, which indicates its 

hydrophobicity. The organic compounds with a value of log Kow higher than 2 could be 

considered as hydrophobic, that facilitates its adsorption in the membrane by making 

hydrogen bonds between these solutes and the surface of the membrane. Usually, when the 

pH of the solution is higher than the intrinsic pKa value of the target compound, this 

compound is deprotonated and presents a negative charge. Otherwise, the charge of the 

organic compound may be neutral or positive or a mixture of both (GANIYU et al., 2015). 

Since the river Doce water has pH around 7, Fluconazole has a neutral charge, whereas 

Phenylbutazone and Prednisone have a negative and positive charge. Table 12 shows 

pharmaceutical compounds concentrations that were found in the surface watersample 

collected in April 2016 and permeates from NF and RO membranes. 

TABLE 12: The pharmaceutical compounds found in the first surface water sample (April 
2016) and in the permeates from five NF and two RO membranes evaluated in this study, 
where MQL is the method quantification limit 

  
Fluconazole 

(ng/L) 
Phenylbutazone 

(ng/L) 
Prednisone 

(ng/L) 
Surface water (Feed) 227.52 132.72 50.32 

NF 270 permeate < MQL < MQL < MQL 
DK permeate < MDL < MDL < MDL 

MPF 34 permeate < MQL < MQL < MQL 
Duracid permeate 159.60 < MQL < MQL 
NF 90 permeate < MQL < MQL < MQL 
BW 30 permeate < MQL < MQL < MQL 

SG permeate < MQL < MQL < MQL 
MQL = 8ng/L 

MDL for Fluconazole, Phenylbutazone was 2.4 ng/L and for Prednisone was7.2 ng/L 

Except for the Duracid membrane, all others membranes showed high pharmaceutical 

compounds rejection (>96.5%, >94.1% and >84.1% Fluconazole, Phenylbutazone and 

Prednisone, respectively) reducing the concentration of pharmaceutical compound to value 

lower than method quatification limit (8 ng/L) and DK membrane was the only membrane 

that reached the best pharmaceuticals compounds removal reaching the MDL of each of them. 

Considering that the pharmaceutical compound molecular radius is greater than the pore 
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radius of all membranes evaluated and that both compounds and membranes have differents 

proprieties, the high pharmaceutical compound rejection suggests that main mechanism 

involved in the NF and RO membane is the size exclusion except to Duracid membrane.  The 

low rejection of Fluconazole (30%), a neutral and hydrophilic compound, by Duracid NF 

membrane suggests that others mechanism play role in the rejection of this pharmaceutical 

compound by this membrane. In general, the pharmaceutical compound removal is not solely 

dependent on the molecular size. According to Bellona, Marts and Drewes (2004) the 

hydrophobic interaction between the pharmaceutical compound and the membrane is an 

important factor for rejection. Furthermore, because Fluconazole is neutral under the 

experimental conditions, electrostatic repulsion did not contribute to its rejection.  

3.3.4 Choice of membrane 

Among the evaluated membranes, the DK NF membrane was selected as being the most 

suitable for the surface water treatment since it showed high desalination ability and 

pharmaceutical compound rejection associated with high permeate flux, low fouling potential 

and specific energy consumption. This membrane was employed for the treatment of five 

river Doce samples collected quarterly. Evaluation of the pharmaceutical compounds removal 

present in the Doce river water using the DK nanofiltration membrane achieved the best result 

set. 

3.3.4.1 Physico-chemical analysis 

The physical and chemical results of all collects of the surface water, as well as their 

respective permeates and the removal efficiencies of each parameter achieved by the DK 

membrane can be observed in Table 13.The DK membrane operated in the conditionals of 10 

bar of transmembrane pressure and 3.2 L/min of feed flux. 
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TABLE 13: Average, standard deviation and median of the physico-chemical results of surface water and permeates, as well as the removal 
efficiency of each parameter reached by the DK nanofiltration membrane 

 

Parameter pH 

Apparent 
color  

(mg/L Pt 
Co) 

UV 
Absorbance 

(254nm) 

Turbidity 
(NTU) 

TOC 
(mg/L) 

TSS 
(mg/L) 

Conductivity 
Ca 

(mg/L) 
Mg 

(mg/L) 
Na 

(mg/L) 
K     

(mg/L) 

Surface 
water 

7.1±0.2 
(7.1) 

41.2±39.1 
(28.0) 

0.7±0.1 
(0.7) 

22.6±18.9 
(14.0) 

3.3±1.8 
(2.4) 

9.6±7.5 
(6.0) 

129.0±26.6 
(115.0) 

4.32±0.9 
(4.1) 

1.9±0.3 
(1.9) 

3.9±0.5 
(0.5) 

2.7±0.2 
(2.7) 

Permeate 
6.9±0.2  

(7.0) 
<5 

0.003±0.001 
(±0.003) 

0.07±0.01 
(0.07) 

0.40±0.3 
(0.29) 

<0.001 
69.2±0.9 

(69.2) 
<2.5 <1.25 <2.5 <2.5 

Rejection 
(%) 

- >87.9 
99.6±0.2 

(99.6) 
99.6±0.1 

(99.5) 
85.3±13.5 

(90.0) 
>99.99 

44.6±10.9 
(39.4) 

>42 >33 >37 >10 
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Analyzing Table 13 it is possible to verify that the DK nanofiltration membrane promoted the 

removal of approximately 100% of turbidity, total suspended solids (TSS), absorbance and 

apparent color for all samples. This high efficiency may have been achieved by the size 

exclusion, since typically the size of these particles is larger than the pore size of the DK 

membrane. Moreover, this membrane didn’t achive good efficiency in the ions removal that 

can contribute to permeate. This is already expected, that the nanofiltration membrane cannot 

retain, completely, monovalent ions (TANG; CHONG & FANE, 2011). But, as can be seen in 

the Table 13 the greater desalination ability of DK membrane was confirmed even treating 

water samples with different index quality. 

3.3.4.2 Evaluation of the resistances, permeabilities and specific energy demand for the DK 
membrane of nanofiltration using the surface water 

The resistances, permeates flux, resistances, flux decline, and specific energy demand for the 

permeation of each surface water sample using the DK membrane can be seen in Table 14. 
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TABLE 14: Permeate flux, resistences, flux decline, and specific energy consumed for each surface water sample using DK membrane applying 
10 bar of tranmembrane pressure and feed flow rate 3.2 L / min 

 

Samples 

Rf Rfir Rfr Jw
a Jsd

b Jpc
c Jcc

d 
Flux decline type 

(%) SEC 

1013 m-1 1013 m-1 1013 m-1 (L/m².h) (L/m².h) (L/m².h) (L/m².h) Total Fouling CPe 
(kWh.m3m2) 

1 4.21 2.62 1.59 50.00 47.71 48.63 49.10 5 3 2 0.32 

2 5.02 2.01 3.01 51.00 48.00 49.79 50.00 6 4 2 0.32 

3 2.52 0.13 2.39 49.50 47.80 49.20 49.30 3 0 3 0.32 

4 2.62 1.31 1.31 47.50 45.99 46.69 47.50 3 2 1 0.33 

5 1.59 0.22 1.37 51.50 50.40 51.28 51.50 2 1 1 0.30 

 
ainitial effluent permeate flux; 
bfinal effluent permeate flux; 
cwater permeate flux after physical cleaning 
dwater permeate flux after chemical cleaning. 
epermeate flux decline attributed to the concentration polarization 
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The TSS and TOC concentration also influence the type of flux decline and fouling 

reversibility (Table 14). Greater TOC concentration contributes to flux decline by fouling 

whereaslow TOC concentration even in case of a higher TSS concentration results in the 

predominance of fux decline by concentration polarization and in a more reversible fouling.  

It an also be seen that the membrane fouling does not compromise the membrane SEC. 

The lower fouling potential of DK membrane was confirmed in Figure 3 and the fouling 

degree is dependent on the surface water composition and this relation can be seen in Figure 

4. 

FIGURE 4: Relation of physico-chemical results of surface water samples with total 
membrane resistance 

 

The higher turbidity and TSS concentration influenced in the total fouling resistance, except 

to sample 2. In this last case the high membrane fouling can be associated with the high TOC 

concentration and low TSS concentration. The lower solids concentration contributes to the 

lower cake formation in the membrane surface, leaving the membrane more prone to fouling 

by adsorption of organic compounds present in higher concentration in this sample. 

3.3.4.3 Removal comparison of the pharmaceuticals compounds present in the surface water 
by DK membrane and conventional WTP 

During the quarterly monitoring it was observed another pharmaceutical compound 

occurrence: Betamethasone. Betamethasone was detected and quantified in four of the five 

samples collected in concentration range from 20-701.4 ng/L. This pharmaceutical compound 

isalso in the group of the most frequently prescribed in human medicine and its structure and 

physico-chemical propertie are show in Table 15. 
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TABLE 15: Molecular structure and physico

 
Pharmaceutical

Therapeuticclass

Chemical

Molecular formula

**Strutural formula

Molecular weight (g/mol)

Dissociation
Charge at pH 7

*Molar volume (cm³/mol)

**Molecular radius

References: * CHEMICALIZE, 2018, 

2018. 

 

Table 16 shows pharmaceutical compounds concentration in the different

samples, NF membrane permeate
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ucture and physico-chemical propertiesof Betamethasone

Pharmaceutical compound Betamethasone 
Therapeuticclass Corticosteroid 

Chemical group 
Analgesicsandanti

inflammatories 

Molecular formula C22H29FO5 

**Strutural formula  

Molecular weight (g/mol) 393.2 
Log Kow 1.94 

Dissociation constant pKa= 12.42 
Charge at pH 7 Neutral 

*Molar volume (cm³/mol) 296.00 
*Polarizability 39.70 

**Molecular radius 6.16 

References: * CHEMICALIZE, 2018, ** CHEMICALBOOK, 2018 and ***DRUGBANK, 

aceutical compounds concentration in the different

NF membrane permeate, and conventional water treatment. 
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of Betamethasone 

 
 

Analgesicsandanti-
 

and ***DRUGBANK, 

aceutical compounds concentration in the different raw surface water 
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TABLE 16: Pharmaceutical compounds removal efficiency that were found in the surface water, using the DK membrane and in  water complete 
cycle treatment  

 

Pharmaceutical
compounds 

Surface water DK NF permeate Complete cycle treatment 

FO 
(N=5) 

C (ng/L) 
min-max 

C 
(ng/L) 

average 

C (ng/L) 
median FO C (ng/L) 

min-max 

C 
(ng/L) 

average 

C 
(ng/L) 
median 

Rejection 
(%)  FO C (ng/L) min-

max 
C (ng/L) 
average 

C 
(ng/L) 
median 

Rejection 
(%)  

Betamethasone 4 20-701.04 246.17 131.64 2 119-
172.16 145.6 145.6 > 40.85 0 <MDL <MDL <MDL > 99.00 

Fluconazole 3 227.52-
573.76 355.89 266.4 0 < MDL < MDL < MDL > 99.32 2 145.44– 

151.16 148.22 148.22 > 58.35 

Phenylbutazone 1 <MQL-
132.72 132.72 132.72 0 < MDL < MDL < MDL > 98.19 0 < MQL < MQL < MQL 

> 93.97 

Prednisone 2 MQL-50.24 36.76 36.76 0 < MDL < MDL < MDL >80.25 0 < MQL < MQL < MQL >74.23 

MQL (method quantification limits = 8ng/L) FO (frequencies of occurrence); C (Concentration) 
MDL (method detection limits for Betamethasone, Fluconazole and Phenylbutazone was 2.4 ng/L and for Prednisone was 7.2 ng/L ) 
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As previous discussed, the DK membrane showed high pharmaceutical compounds rejection 

(>99.32%, >98.19% and >80.25% of Fluconazole, Phenylbutazone and Prednisone, 

respectively) reducing the concentration of pharmaceutical compounds to value lower than 

method dectation limit, wich was 2.4 ng/L for Fluconazole and Phenylbutazone and 7.2 ng/L 

for Prednisone. The rejection of these three pharmaceutical compounds was not influenced by 

the differents characteristics of the surface water. However, the DK membrane showed 

limited Betamethasone rejection (40.85 %) even this compound having molecular weight and 

radius higher than membrane cutt-off and pore radius, respectively. Although the neutral 

compoundsrejection by NF membranes is considered to be predominantly caused by size 

exclusion, when water is used as feed solution, the existing interactions between non-ionic 

solutes and membranes may be influenced pharmaceutical compound rejection. In this case, 

hydrophobic interactions that take place between the fouled membrane surface and such 

solutes gain predominance (GANIYU et al., 2015). Unlike Fluconazole, which in the pH of 

the studied water also has a neutral character, the Betamethasone is more hydrophobic. The 

limited membrane Betamethasone rejection was observed for water samples with low TSS 

concentration and turbidity. 

From the Table 16 it is evident the greater performance of nanofiltration compared to 

convencional treatment (coagulation/ flocullation/ sand filtration/chlorination). Moreover, 

membranes were able to reduce the Betamethasone to concentration lower than MDL value. 

This result suggests that for water with high concentration of Betamethasone the use of 

conventional treatment as a pre-treatment of NF processes is an alternative to ensure the 

complete pharmaceutical compound rejection.  

3.4 Conclusions 

Considering all the parameters evaluated in this study, it is noted that the DK membrane 

presented good drug removal efficiency among the nanofiltration membranes evaluated and 

results close to the RO process of the BW 30 and SG membranes. However, one parameter 

that must be evaluate is the energy demand operatingof each membrane, because this implies 

its use in a real scale.The required pressure in NF systems is considerably lower than RO 

membranes which subsequently reduce the capital and again, the DK membrane showed good 

results in the SEC, being behind only the NF 270. Thus, considering the pharmaceutical 

products retention, desalinationability, permeate flow, membrane fouling and SEC, the DK 

membrane was chosen to continue the tests evaluating the best operating conditions, and 

considering transmembrane pressure and flow rate. 
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The conventional water treatment was efficient in the evaluated pharmaceutical products 

removal, except in case the Fluconazole, in wich the station presented anefficiency a little 

lower than theachieved by membrane. But, it was evident the greater performance of NF 

compared to convencional treatment since membranes were able to reduce the pharmaceutical 

compounds to concentration lower than MDL value. 
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4 EVALUATION OF THE BEST TRANSMEMBRANE PRESSURE 
AND FEED FLOW RATE TO DK MEMBRANE 

4.1 Introduction 

The presence of emerging pollutants in nature has gained a focus from the scientific 

community due to the potential risks to human health and the ecosystem associated with drugs 

interactions with the natural environment. This constant pharmaceutical products 

occurrencein aquatic environment is facilitated by the drugs ingestion (JELIC et al., 2011). 

The first metabolic process is the oxidation or reduction, which occurs in the liver making the 

molecule more polar than its parent compound. After the acetylation and sulphation step, the 

hydrophilic characteristic is attributed to these metabolites making them more soluble in 

water (LÓPEZ-SERNA et al., 2012). Thus, these compounds are eliminated through feces 

and urine following the sewage collection network up to the municipal waste water treatment 

plant (WWTP) (TAHERAN et al., 2016; YAN et al., 2014).  

The membrane separation process using nanofiltration is an increasingly employed 

technology becoming also increasingly reliable and affordable for the production of high 

quality water from unconventional sources such as surface water contaminated by 

micropollants (TAHERAN et al., 2016).The retention of the compounds that are present in 

the feed by nanofiltration membranes can happen through three coexisting separation 

mechanisms, which are: the exclusion mechanism, the electrostatic repulsion and the physico-

chemical interaction occurring at the same time between the compounds of the solution to be 

treated and the surface of the membrane (RADJENOVIC et al., 2008; KUDLEK, 

BOHDZIEWICZ & DUDZIAK, 2015). 

In spite of having a lower retention for some compounds, DK nanofiltration membrane 

presented satisfactory results, ranging from 64% to 99%, for the micro contaminants removal 

in aqueous matrices (DOLAR & KOŠUTIĆ, 2013). However, according to Al Manun et al 

(2017) the greatest challenge in the application of the pressure-driving membrane, which 

includes nanofiltration, is the reduction in the efficiency of the solutes retention and the 

decrease in the permeate flow due fouling.  

Fouling can be defined as the deposition of retained particles, colloids, macromolecules, 

among others, on the surface or inside the pores of the membranes (MULDER, 1996). The 

fouling can be formed by the adsorption processes (BANERJEE & DE, 2010), pore blockade 

(MATTARAJ et al., 2011) and cake formation (HOEK & ELIMELECH, 2003). The 
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characteristic fouling occurrenceto the nanofiltration membrane are mainly related to the NF 

cake formed by charged colloidal substances that precipitate on the surface of the membrane 

and the concentration polarization (CP) due to the retained ions (AL MANUN et al., 2017). 

The adsorption of the compounds present in the feed can occur on the surface of the 

membrane or even in the pores reducing them in size, consequently contributing also to 

thepermeate flowdecline. The adsorption together with the precipitation of elements on the 

surface of the membrane form the cake that can alter the permeability of the membrane and its 

selectivity, since the particles in the surface end up being added to the others by 

intermolecular interactions (GARCÍA-MARTÍN et al., 2010; ANDRADE, 2011). The 

concentration polarization occurs with the accumulation of the retained, or partially retained, 

solutes on the surface of the membrane. Thus, the concentration of these solutes on the 

surface of the membrane is greater than the concentration within the feed, providing 

diffusionin the direction of the membrane surface to the solution (RICHARDS, 2012). 

However, this phenomenon may be reversible and can be controlled by the operational 

conditionsmonitoring, such as the use of turbulence promoters (HABERT et al., 2006; 

ANDRADE 2011). Some research shows that an increased feed flow rate contributes 

positively to remove solids present in the feed, in the gel layer. Thus, increasing the velocity 

of flow decreases, consequently, the increasing diffusion of the solutes back to the volume, 

causing a general reduction of the effect of the polarization concentration which resulted in a 

smaller permeate flowdecline.  

The control of the transmembrane pressure is essential as it affects the permeation rate. Using 

higher pressures, the applied force in the feed so that its solvent crosses the membrane is 

larger thus producing a greater permeate flow. However, this force may also contribute to 

increase the effect of the polarization concentration favoring the accumulation of solutes on 

the surface of the membrane (ABDELRASOUL, DOAN & LOHI, 2013). 

Thus, this study aims to analyze the best operating conditions varying the transmembrane 

pressure and the feed flow rate aiming to evaluate the fouling effect observing each condition 

using the NF membrane (Desal 5-DK). For theseanalysis, it was evaluated the permeate flux, 

membrane resistance and its pharmaceutical compoundsretention efficiency. For this step, it 

was used the 4th surface water sample, which was collected in January 2017. 
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4.2 Materials and methods 

4.2.1 Water source 

River Doce represents a source of drinking water for 400.000 inhabitants in the Governador 

Valadares city that discharge all sewage, that is producted in the city, without previous 

treatment into in this river, until now. Because of this, Doce river was selected to serve as a 

background matrix to evaluate the pharmaceutical compounds rejection. The samples were 

collected inthe geographical coordinate 18°51'50.45 "S and 41°56'46.86" W. One 

pharmaceutical compound had been detected in this 4th surface water sample as described in 

Chapter 2 of this study: Betamethasone (ng/L). 

4.2.2 Membrane 

The technical properties of DK nanofiltration membrane, supplied by the GE Osmonics 

Company can be seen in the Table 17. 

TABLE 17: Technical properties of DK nanofiltration membrane 

Membrane 
Poresize 

(mm) 
Contact 
angle (º) 

Zeta 
potential  

pH 9 
(mV) 

Roughness 
(nm) 

Molecular 
weight 
cut-off 

(MWCO) 

Material 

GE 
Osmonics 

DK 
0.76 40.6 ± 5.2 –18.5 16.4 ± 3.1 150-300 Polyamide 

Reference: TANG et al., 2009. 

4.2.3 Experimental set-up and methods 

Prior to each experiment, membrane was first cleaned by ultrasonication with 0.4% sodium 

hydroxide solution followed by ultrasonic ation with 2% citric acid solution, for 20 min each, 

and compacted by filtering deionised water at 10 bar for at least 2 h until a stable water flux 

was reached. After that, experiments consisted in filtration runs of 2 h with water of the Doce  

river with feed flow rate of 2.4 L/min and varying the pressure in 10; 8; 6 and 4 bar. After 

establishing the best operating pressure, the pressure was set and the flow rate of the feed was 

varied in 0.8: 1.2: 2.4 and 3.2 L/min. These two steps were carried out bath mode where by 

the concentrate and permeate was recirculated into the feed tank. The permeate flow rate was 

determined by measuring the volume of permeate collected at regular time intervals. After 

each set of experiments for a given membrane, the membrane was rinsed with deionized water 
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with cross flow rate of 1.2 L/min and cleaned by ultrasonication with 0.4% sodium hydroxide 

solution followed by ultrasonication with 2% citric acid solution, for 20 min each. 

4.2.4 Calculations 

The permeate flux (J) was measured in liters per square meter per hour (L/ m². h) applying the 

Eq. (1). 

                                                                                                                Eq. (1) 

Where J (T) is the permeate flux at a temperature T, ΔV is the total volume of the permeate 

(L) collected in the Δt, the filtration time (min), and Am is the effective membrane filtration 

area (m2).  

Flux data were normalized at 25 °C using a correction factor calculated from the ratio of 

water viscosity at the permeation temperature and water viscosity at 25 °C as shown in Eq.  

                                                                                                Eq. (2) 

Where J (T) is the permeate flow at the permeation temperature, obtained in Equation 1,  

is the dynamic viscosity of the water at the permeation temperature,  is the dynamic 

viscosity of the water at 25° C and J (25 °C) is the permeate flux corrected to 25°C. 

The observed rejection was calculated using Eq. (3), as follows: 

,                  Eq.(3) 

Where Cf  and Cp represent the solute content in the feed and permeate streams, respectively. 

According to the simplified resistance-in-series model, the total filtration resistance could be 

divided into membrane resistance and fouling resistance. The membrane resistance to 

filtration ( ) was determined from Eq. (4): 

                    Eq. (4) 
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The total flux decline (FD) was also calculated, as follows in Eq.(5) 

𝐹𝐷 =
(௃ೢି௃ೞ೏)

௃ೢ
.                                Eq.(5) 

Where Jw is the volumetric permeate flux of pure water of the membrane before effluent 

filtration. 

Flux decline can be attributed to concentration polarization (CP) and fouling (F); thus, the 

flux decline due to CP was obtained using Eq. (6), as follows: 

𝐶𝑃 =
(௃೛೎ି௃ೞ೏)

௃ೢ೎
,                    Eq.(6) 

Where Jsd is the volumetric water flux of the physically cleaned membrane after effluent 

filtration. 

The flux decline due to fouling (F) was obtained using Eq. (7), as follows: 

𝐹 =
(௃ೢି௃ೞ೏)

௃ೢ
.                    Eq.(7) 

The specific energy consumption SEC (kWh/m³ of permeate) was calculated according to 

Eq.8. 

SEC =
𝐖

𝐐𝐏
                    Eq.(8) 

W =
∆𝐏×𝐐𝐅

𝟑.𝟔×𝟏𝟎𝟔
                     Eq.(9) 

The recovery rate (α) is defined by Equation (10): 

𝛼 =
୕୮

୕ୟ
∗ 100                                                                                                                     Eq.(10) 

Where Qp and Qa are respectively the permeate and feed volumetric flow in a given filtration 

step. Thus, the maximum recovery rate is the percentage of the feed that can be converted to 

permeate without decreasing the physicochemical quality and pharmaceutical compounds 

retention without a large decay of the flux caused by membrane fouling. 

Where W is the rate of work done by the pump (kWh/s), ∆𝑃 is the difference between the 

feed pressure at the entrance of the membrane and the pressure of the raw water, which is 
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assumed to be equal to the atmospheric pressure (N/m²), and 𝑄ி and 𝑄௉ are the feed and 

permeate flow rates (m³/s), respectively.   

4.2.5 Analytical methods 

The collected samples and permeates were analyzed accordingto the following parameters: 

Turbidity (Hach 2100AN Turbidimeter) (Method 2130B), pH (Qualxtron QX 1500 pH meter) 

(Method 4500B), absorption at 254 nm and apparent color (Hach Spectrophotometer DR 

2800) (Method 2120B), total suspended solids (TSS) (Method 2540B), total organic carbon 

(Shimadzu TOC-V CNP TOC Analyzer) (Method 5310), conductivity (Hanna HI 9835 

Conductivity Meter) (Method 2510 B) and ion scan (ICP-OS) (Method 4110B). These 

analyses were made in triplicates according to the recommendations of Standard Methods for 

the Examination of Water and Wastewater (APHA 2012).  

Pharmaceutical compounds were analyzed using a HPLC (DGU/20A3 Prominence, 

Shimadzu, Japan) coupled to the micrOTOF-QII mass spectrometer (Bruker) with an 

electrospray ionization source (ESI) in positive mode. The detection limit for each 

pharmaceutical compound was 8 ng/L. The uncertainty of estimates is of 1% according to a 

validation method of the analysis protocol. Recoveries are between 86 and 100% but are 

compensated by the calibration, which is processed the same way as the samples. Water 

samples were previously filtered in 0.45 μm hydrophilic PVDF filter. Analytes were isolated 

from water samples (1 L) in two steps, firstly without pH adjustment (pH 7) and then with pH 

adjustment to 2 by adding 0.002 mols/L H2SO4 solution, using a polymeric C18/18% 

cartridge (500 mg/6 mL – Applied Separations) preconditioned with 5 mL of methanol and 5 

mL of ultra pure water, and then eluted with methanol using Aspec Gilson GX-271 Liquid 

Handler. Separation was achieved on a Shim-pack XR-ODS C18 column (2.0 mm; 50 mm 

and 2.0 µm; Shimadzu, Japan) with the mixture of 0.1% of formic acid water and methanolas 

the mobile phase. The flow rate and injection volume were 0.1 mL/min and 10 µL, 

respectively. The mobile phase gradient followed an isocratic method using 95% of methanol 

for 15 minutes.  
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4.3 Results 

4.3.1 Pressure evaluation 

4.3.1.1 Evaluation of the resistances, permeabilities and specific energy demand for each 
pressure evaluated 

The evaluation considered the permeatesflux, resistances, flux decline, andspecific energy 

demand for each pressure can be seen in the Table 18. 
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TABLE 18: Permeates flux, resistances, flux decline, and specific energy consumed during nanofiltration varying the transmembrane pressures 
at 4; 6; 8 and 10 bar with the feed flow rate fixed in 2.4 L/min 

 

Pressure Rf Rfir Rfr Jw
a Jsd

b Jpc
c Jcc

d 
Flux decline type 

(%) SEC 

(bar) 1013 m-1 1013 m-1 1013 m-1 (L/m².h) (L/m².h) (L/m².h) (L/m².h) Total Fouling CPe (kWh.m3m2) 

10 0.41 0.26 0.15 50.00 47.71 48.63 49.10 5 3 2 0.32 
8 0.63 0.28 0.35 40.00 37.75 39.06 39.53 6 3 3 0.40 
6 1.42 1.03 0.39 31.00 28.11 28.91 31.25 10 7 3 0.54 
4 2.09 1.13 0.96 21.20 19.18 20.10 20.12 10 5 5 0.80 

ainitial effluent permeate flux; 
bfinal effluent permeate flux; 
cwater permeate flux after physical cleaning 
dwater permeate flux after chemical cleaning 
epermeate flux decline attributed to the concentration polarization 
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As expected, the 10 bar pressure results in highest permeate flow. In addition, applying this 

pressure also resulted in a smaller decline in permeate flux caused by reversible fouling. The 

same behavior occurred with the resistances, since the higher transmembrane pressure used 

resulted in lower resistance values, which is also explained by the lower deposition of solutes 

on the membrane surface due to the shear force of the turbulent flow. 

As the feed rate was set at all pressures evaluated at 2.4 L / min, the SEC calculations varied 

due to the permeate flux productedfor each pressure, which parameter is inversely 

proportional to the SEC. Thus, when the highest pressure (10 bar) was applied, the highest 

flow rate was also obtained thus achieving the lowest energy demand. According to Koyuncu 

et al (2000), for NF membranes the energy demand to permeate productionnormally decreases 

if increases the transmembrane pressure, fact that explains what was observed for the SEC 

during the variation of pressures from 4 to 10 bar. 

4.3.1.2 Physico-chemical analysis of surface water 

The relationship of the physical and chemical parameters of the surface water with the 

permeate flux and total resistance, as well as the efficiency of these parameters removal for 

each pressure evaluated in this study can be observed in Figure 5. 

FIGURE 5: Physico-chemical parameters removal efficiency for each transmembrane 
pressure (TMP) evaluated and the relation of these parameters with the permeate flux and 
total resistance 

 
Evaluating the physical and chemical results of the surface water, permeate producted at each 

evaluated pressure shows a better efficiency in the solutes retention applying the 10 bar 
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transmembrane pressure. The absorbance and turbidity removal applying the 10 bar pressure 

was almost 100%. The apparent color and total suspended solids, which are parameters 

directly related to turbidity and absorbance, were also almost completely removed by 

applying 10 bar of TMP. Due to nanofiltration membrane cannot retain, completely, 

monovalent ions, the removal of conductivity did not reach high removal values for all 

pressures evaluated (TANG; CHONG & FANE, 2011). However, the most effective removal 

of this parameter was obtained by applying the 10 bar transmembrane pressure. 

4.3.1.3 Evaluation of pharmaceutical compound retention varying the transmembrane 
pressure 

The results of retention of Betamethasone using the DK membrane varying the 

transmembrane pressures can be seen in Table 19. 

TABLE 19: Pharmaceutical compound occurrence in the surface water and the permeates of 
each evaluated transmembrane pressure 

 

Pressure (bar) 
Concentration of 

Betamethasone (ng/L) 

4 < MQL 
6 <MQL 
8 <MQL 
10 <MQL 

Surface water 160.00 
MQL= 8ng/L 

It is known that the accumulation of organic matter in the surface of the membrane can carry 

its surface negatively, which would facilitate the adsorption of the positive compounds and 

increase the negative elements rejection. This is because organic matter presents negative 

charge and, according to Coulomb's Law, elements that were charged electrically with equal 

charges are repulsed and elements that present opposite charges are attracted. Thus, the 

pharmaceutical compounds that present the highest pKa, which have characteristics of less 

acidic compounds, tend to be removed, as the case of Betamethasone that present a pKa of 

12.42. However, to deepen this discussion of the interaction of the solutes with the membrane, 

it is necessary to investigate the membrane surface before and after the MSP. 

4.3.1.4 Choice of the best operating pressure 

The pressure of 10 bar presented the highest permeability and lowest SEC. In addition, this 

pressure presented the best results of the physical and chemical parameters of permeate when 

compared to the surface water. Moreover, 10 bar, like the others pressures that were 
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evaluated, presented complete Betamethasone removal that was quantified in the 4th surface 

water sample.  

4.3.2 Feed flow rate evaluation 

4.3.2.1 Evaluation of the resistances, permeabilities and specific energy demand for each feed 
flow rate evaluated 

The results of permeates flux, resistances, flux decline, and specific energy demand for each 

feed flow rate as can be seen in the Table 20. 
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TABLE 20: Permeates flux, resistances, flux decline and specific energy consumed during nanofiltration varying the feed flow at 0.8; 1.2; 2.4 
and 3.2 L/min at 10 bar of pressure 

 

Feed 
rate Rf Rfir Rfr Jw

a Jsd
b Jpc

c Jcc
d Flux decline type (%) SEC 

(L/min) 1013 m-1 1013 m-1 1013 m-1 (L/m².h) (L/m².h) (L/m².h) (L/m².h) Total Fouling CPe (kWh.m3m2) 

0.8 0.56 0.21 0.35 36.90 35.18 36.31 36.86 5 2 3 0.30 
1.2 0.44 0.22 0.22 37.00 35.58 36.31 36.94 4 2 2 0.30 
2.4 0.81 0.20 0.61 37.10 35.35 36.86 36.95 5 1 4 0.29 
3.2 0.26 0.13 0.13 37.50 35.99 36.69 37.50 4 2 2 0.29 

ainitial effluent permeate flux; 
bfinal effluent permeate flux; 
cwater permeate flux after physical cleaning 
dwater permeate flux after chemical cleaning 
epermeate flux decline attributed to the concentration polarization 
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In relation to the resistances, it is noticed that when increasing the flow rate of the feed, the 

resistances decreased significantly. Therefore, the combination of the higher pressure with the 

higher flow rate resulted in the hydrodynamic condition of greater shear force, making it 

difficult to deposition of solutes in the membrane, reducing the resistance and consequently 

increasing the permeability. 

4.3.2.2 Analysis of the physical andchemical parameters for each applied feed rate 

The results of the physical and chemical analyzes as well as the relation of these parameters 

with the flow and total resistance in each feed flow can be observed in Figure 6. 

FIGURE 6: Physical and chemical analyzes as well as the relation of these parameters with 
the flow and total resistance varying the feed flow 

 

Analyzing Figure 6, it can be seen that the permeate physico-chemical results, that were 

obtained using the highest flow rate, presented the best retention efficiency for all parameters 

that were evaluated. Moreover, this feed flow achieved the best permeates flow result and 

total resistance. The explanation for these results is the same reason that led to the greater 

pressure, applied in the previous section of this study, to obtain the best results. The higher 

feed flow used caused a greater turbulence between the feed and the surface, increasing the 

shear force between them, which hinders the deposit of solute on the surface of the 

membrane. Thus, with the least accumulation of elements on this surface the polarization 

concentration, as well as the other types of fouling tend to be smaller, thus reducing the total 

resistance and increasing the flux of the permeate. In addition, this lower deposition of 

organic matter and other elements on the membrane surface contributes to decrease the mass 
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transfer by diffusion, which makes retention of the parameters evaluated in this study more 

efficient. 

4.3.2.3 Evaluation of pharmaceutical products retention varying the feed flow 

Analyzing Table 21, it can be seen that all of the flow velocities removed Betamethasone that 

was present in the surface water. 

TABLE 21: Pharmaceutical compound occurrence in the surface water and the permeates of 
each evaluated feed flow rate 

 

Feed flow rate 
(L/min 

Concentration of 
Betamethasone (ng/L) 

0.8 < MQL 
1.2 < MQL 
2.4 < MQL 

3.2 < MQL 

MQL= 8 ng/L 
 

This removal could be occured since the cut-off point of DK membrane is 150 to 300 Da and 

Betamethasone presents a molar mass above 393 g/mol, as can be seen in Table 4 in Chapter 

2. Thus, the removal of these compounds by size exclusion was expected, however, as 

previously mentioned, this is not the only mescanism of solutesretention. 

4.3.2.4 Choice of feed flow rate 

Considering the set of results, that were obtained and evaluated during the variation of the 

feed flow, it was concluded that the best flow rate was 3.2 L/min. 

4.3.3 Recovery rate assessment 

4.3.3.1 Recovery rate for physico-chemical analysis 

All samples (1-5) from the surface water were submitted to the stage of recovery rate 

verification by the DK nanofiltration. All permeates of each recovery rate presented similar 

results, as can be seen in the Figure 7 that shows the behavior of the conductivity for each 

permeate sample by evaluating its concentration from 10 to 90% of the recovery rate. 



 

Programa de Pós-graduação em Saneamento, Meio Ambiente e Recursos Hídricos da UFMG

FIGURE 7: Conductivity for the recovery rate for permeates of each surface water sample

It can be seen from Figure 

this increase was not expressive, since from the recovery rate of 10% to the rate of 90% the 

increase was of a maximum of 10 µS/cm, which did not interfere with the quality of the 

permeate being kept below 100 µS/cm.

conductivity in all samples reached around 50%.

Due to the similar behavior of all the samples during the evaluation of nanofiltration recovery 

rate, the first sample was chosen to illustrate the behavior of 

along percentages of 10 to 90% of recovery. Th

worst physico-chemical characterization among the samples evaluated in this study. The 

result of this evaluation can be seen in the graph of Figure 

FIGURE 8: Turbidity, absorbance and TOC throughout the recovery rate for the 
water sample 
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It can be seen from Figure 7 that the conductivity increased along the reco

this increase was not expressive, since from the recovery rate of 10% to the rate of 90% the 

increase was of a maximum of 10 µS/cm, which did not interfere with the quality of the 

permeate being kept below 100 µS/cm. However, by Equation 10 

conductivity in all samples reached around 50%. 

Due to the similar behavior of all the samples during the evaluation of nanofiltration recovery 

was chosen to illustrate the behavior of turbidity, absorbance

along percentages of 10 to 90% of recovery. This sample was chosen because it presented the 

chemical characterization among the samples evaluated in this study. The 

result of this evaluation can be seen in the graph of Figure 8. 
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Conductivity for the recovery rate for permeates of each surface water sample 

 

that the conductivity increased along the recovery rate, however, 

this increase was not expressive, since from the recovery rate of 10% to the rate of 90% the 

increase was of a maximum of 10 µS/cm, which did not interfere with the quality of the 

 the recovery rate for 

Due to the similar behavior of all the samples during the evaluation of nanofiltration recovery 

, absorbance and TOC 

was chosen because it presented the 

chemical characterization among the samples evaluated in this study. The 

bsorbance and TOC throughout the recovery rate for the first surface 

 

, turbidity and absorbance had similar behaviors and their growths 

hese two parameters increased along the recovery rate, it is 
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noticed that this growth was more expressive for turbidity, since this parameter had a 17.5% 

increase comparing its first and last recovery rates. However, even with this increase, the 

turbidity measured at the last recovery rate is 100 times less than the maximum limit 

determined by Resolution of CONAMA 357/2005, which is 100 NTU for rivers of class 2 and 

for Potability standards N. 2914/2011 that presents as maximum allowed value 5 NTU 

fortrated water by complete cycle. 

Absorbance throughout the recovery rate evaluation also had increased. Nevertheless, this 

growth in concentration was not very relevant, since from 10 to 90% of the recovery rate this 

parameter increased only 0.2 nm. On the other hand, total organic carbon (TOC) increased 

during the recovery ratereaching at 1.54 mg/L, representing a 59% increase in the value 

obtained at the first measurement of this parameter at the rate of 10%. But, it is worth noting, 

as can be seen in Figure 8, that the expressive increase in TOC occurred from 80% of the 

recovery rate. 

4.3.3.2 Evaluation of the pharmaceutical compounds presence along the recovery rate 

The fisrt surface water sample (April 2016) was chosen to have its recovery rate analyzed in 

relation to the pharmaceutical compounds occurence. Pharmaceutical compounds removal 

along the recovery rate can be seen in Table 22. 

 

TABLE 22: Permeate flux and pharmaceuticals compounds removal in the first surface water 
sample (April 2016) along the DK membrane recovery rate 

  Permeate flux Fluconazole Phenylbutazone Prednisone 

Surface water (L/h.m²) 227.52 132.72 50.24 

10% 47.71 < MQL < MQL < MQL 

20% 47.71 < MQL < MQL < MQL 

30% 46.90 < MQL < MQL < MQL 

40% 44.48 < MQL 48.80 < MQL 

50% 43.67 64.48 49.36 < MQL 

60% 43.67 99.51 50.40 < MQL 

70% 42.86 100.48 51.52 < MQL 

80% 42.05 156.32 97.24 < MQL 

90% 41.24 169.84 99.36 < MQL 
MQL= 8ng/L 

Observing Table 22 it is possible to verify that during the entire recovery rate there was a 

reduction in the pharmaceutical compounds concentration that were found in surface water. 
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However, applying Eq.10 the recovery rate of Fluconazole, Phenylbutazone, and Prednisone 

is respectively: 72%, 63% and 100%.  

During the recovery rate the permeate flux decreased, this fact was already expected, that 

during this rate the concentration of solutes in the feed increases, because the water (solvent 

of the feed) permeates the membrane and the concentrate returns to the feed tank which 

contributed to the occurrence of fouling, thus reducing the permeability of the membrane.t is 

noticed that the greatest decrease in permeability occurred from the rate of 40%. 

4.4 Conclusions 

According to the evaluation performed for the best operating conditions for the MSP using the 

DK nanofiltration membrane, it was concluded that the best operating pressure was 10 bar and 

the flow rate was 3.2 L/min. 

All permeates produced during the nanofiltration presented good physical and chemical 

quality, with efficiencies greater than 99% in the removal of turbidity and apparent color. In 

addition, the conductivity decreases in relation to raw waters, which are affected by 

conductivity greater than 100 μS /cm. Considering the chemical and physical quality of 

permeates analyzing the data and permeate flux, it was determined that for the physical and 

chemical treatment the rate would be 40%. 

However, the efficiency of the pharmaceutical compounds removal along the recovery rate 

was also analyzed and it was observed that this efficacy was 100% up to the rate of 60 %. 

Thus, by analyzing of the physico-chemical characterization results and the pharmaceutical 

products retention, the resulting retention rate was 50%. 
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5 CONSIDERATIONS 

Throughout this study, the pharmaceutical compounds occurrence was evaluated in the Doce 

river raw water, which did not present significant quantities and varieties among the 16 drugs 

that were investigated in this search, because that were found just Betamethasone, 

Fluconazole, Phenylbuthazone and Prednisone in the surface water that was collected during 

one year. 

This may have happened because the collection of these samples had been carried out in the 

surface water in only one point. It is inferred that this collection should cover other points and 

depths of the river. Nevertheless, it does not mean that this river is not contaminated by 

pharmaceutical products, mainly since the sewage is discharged in natural waters without any 

treatment. What can be seen from this study is that the Doce river may have other 

pharmaceutical compounds. As has been said previously, the analysis of the drugs occurrence 

in natural waters is very sensible to seasonal phenomena and care in the collect. 

All the nanofiltration and reverse osmosis membranes evaluated in this study showed a 

reduction in the concentration of the pharmaceutical products in permeates when compared to 

the Doce river raw water that served as feed in the MSPs. Among the membranes evaluated, 

the DK nanofiltration membrane (150-300 Da) was highlighted because it produced a higher 

volume of permeate with good physical and chemical quality, besides the drugs retention, 

resulting in a lower demand of specific energy compared to the other membranes analyzed in 

this study. This good quality of permeate with low specific energy consumption are some of 

the factors that encourage the application of nanofiltration in water treatment in wich high 

quality is desired. 

For laboratory and full scale application it is necessary to evaluate the best operating 

conditions in order to obtain the best permeate flux ratio with selectivity and lower energy 

expenditure. In this way, four transmembrane pressures and four different feed rates were 

analyzed, and permeates generated for each condition were analyzed for the retention of the 

pharmaceutical compounds and the physical-chemical quality of each one.The best results for 

the evaluated parameters were obtained by applying a pressure of 10 bar with a feed rate of 

3.2 L / min, as a result of the highest flow with the lowest specific energy demand.With this 

established operational condition, the best physical-chemical quality for permeates was 

reached among all the operational conditions evaluated in this study. In relation to the 

removal of the pharmaceutical compounds, the surface water of the Doce river, that was 
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collected in January 2017, was used as feed for this test. This sample presented only the 

Betamethasone, which was retained by the DK membrane in all the evaluated conditions. 

As could be observed in this research, the Central WTP of Governador Valadares, which is 

contemplated by the conventional water treatmentfor human consumption, showed good 

efficiency in reducing the concentration of the pharmaceutical products found in the Doce 

river raw water.This is not to say that WTP is efficient in the other drugs removalthat may be 

present in the Doce river. The choice of investigating 16 pharmaceutical products was due to 

the high price of the analytical standard of each drug and the high cost of HPLC coupled to 

the mass spectrometer analysis for the quantification and confirmation of each of these 

compounds in the raw and treated water. Each injection for investigation of the drugs costs an 

average of R$ 400.00 and all these evaluations were carried out for the samples with neutral 

pH and for the pH 2. In addition, it should be mentioned, the difficulty to establish effective 

methodologies for the quantification of each pharmaceutical product. This is a time-

consuming phase, since this analysis is very sensitive, insofar as all the samples evaluated in 

this study are natural matrices, presenting several compounds in the Doce river surface water, 

and these solutes made the drug quantification process more difficult. 

Although the Central WTP of Governador Valadares showed good efficiency in the removal 

of the four pharmaceutical compounds that detected in the surface water.This efficiency in the 

removal may be due to the atypical operating conditions of which the treatment plant was 

operating, since with the rupture of the tailings dam of the Samarco mining company, the 

Doce River was reached by the sediments and the Central WTP of Governador Valadares 

probably used a greater volume of coagulants, fluaculants and chlorine in the process of water 

treatment to meet the standards established by ordinance 2914/2011. Thus, this probable use 

of more chemical reagents may have favored the removal of the pharmaceutical compounds 

found in surface water. It is necessary to emphasize that it is not known the efficiency in other 

pharmaceutical compounds removal that may be present in the water of the Doce river, which 

were not contemplated in this study, but may be present in surface water.  

In addition, the focus of this study was the removal of pharmaceuticals compounds, however, 

it is known that for drinking water other parameters are very importantto be monitored. As 

was seen throughout this study, MSP, using nanofiltration orreverse osmosis, presented good 

results of the removal of turbidity, color, absorbance, conductivity and TOC, thus being an 

auxiliary treatment of water intended for human consumption, and that may be used in 

emergency situations, such as what occurred in November 2015 on the Doce river. 
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Therefore, the system of public water supply would not be so impaired if it were 

contemplated by an auxiliary treatment system. However, it is necessary to remember that in 

order to apply the MSP in such situations, it would be necessary to pre-treat the water, such as 

the application of water coagulation and microfiltration, to prevent the early fouling 

occurrence in the membrane thus reducing its life span. 

Moreover, in order to better evaluate the mechanisms of rejection between the pharmaceutical 

compounds and the membranes, it is recommended to perform themorphological analysis of 

the membrane surface before and after permeation to also obtain the fouling characteristics. 

This type of analysis is important for the application of nanofiltration, or other types of MSP, 

in real scale, since it will be easier to predict also how the fouling occurs and what better 

mechanisms to avoid it without greatly increasing the operating costs in addition, in order to 

avoid fouling by causing suspended solids on a real scale, it is necessary to adopt 

microfiltration pretreatment, which will contribute to the removal of these and other physical 

compounds that may compromise the permeability of the nanofiltration membrane. 

 


