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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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neurotoxic effect of the treatment was evaluated. The best result was obtained with NaCl (0.5 g.L-1), leading to complete 
degradation of CLP, LZP and CBZ.     
 
© 2018 The Authors. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)  
Selection and peer-review under responsibility of the scientific committee of the 5th International Conference on Energy and 
Environment Research, ICEER 2018. 

Keywords: electrooxidation; benzodiazepines; hippocampal; neurotoxicity  

 

 
* Corresponding author. Tel.: +351-239-798700; fax: +351-239-79803. 

E-mail address: morganabosio@yahoo.com.br 

 

Available online at www.sciencedirect.com 

ScienceDirect 

Energy Procedia 00 (2018) 000–000  
www.elsevier.com/locate/procedia 

 

1876-6102 © 2018 The Authors. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)  
Selection and peer-review under responsibility of the scientific committee of the 5th International Conference on Energy and Environment 
Research, ICEER 2018.  

5th International Conference on Energy and Environment Research, ICEER 2018 

Pharmaceutical compounds electrotreatment by Pt anodes and effect 
on synaptic function 

Morgana Bosioª,d, *, Bianca Souzaª,d, Enrico Saggiorob, Marcia Dezottia, João Paulo 
Bassina, Emília Quinta-Ferreirac and Rosa Quinta-Ferreirad. 

aFederal University of Rio de Janeiro, COPPE – Chemical Engineering Program, Centro de Tecnologia – Cidade Universitária – Bloco G – 
Sala 115, Rio de Janeiro – 21941-909, Brazil 

bSanitation and Environment Health Department, Sergio Arouca National School of Public Health, Oswaldo Cruz Foundation, Avenida Leopoldo 
Bulhões, 1480, Rio de Janeiro – 21041-210, Brazil 

cCenter for Neurosciences and Cell Biology and Physics Department, University of Coimbra, Rua Larga, Coimbra – 3004-516, Portugal 
dCIEPQPF – Chemical Engineering Processes and Forest Products Research Center, Department of Chemical Engineering, University of 

Coimbra, Rua Sílvio Lima, Coimbra – 3030-790, Portugal       

Abstract 

Thousands of compounds are used and disposed of every day and many of them are not degraded in conventional treatment plants. 
It is necessary an alternative to eliminate these compounds. This can be done through electrooxidation technology, which was 
applied in this work to a mixture of pharmaceutical compounds including alprazolam (ALP), clonazepam (CLP), diazepam (DZP), 
lorazepam (LZP) and carbamazepine (CBZ) at 100 µg.L-1. The mixture was studied with different types of electrolytes and the 
neurotoxic effect of the treatment was evaluated. The best result was obtained with NaCl (0.5 g.L-1), leading to complete 
degradation of CLP, LZP and CBZ.     
 
© 2018 The Authors. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)  
Selection and peer-review under responsibility of the scientific committee of the 5th International Conference on Energy and 
Environment Research, ICEER 2018. 

Keywords: electrooxidation; benzodiazepines; hippocampal; neurotoxicity  

 

 
* Corresponding author. Tel.: +351-239-798700; fax: +351-239-79803. 

E-mail address: morganabosio@yahoo.com.br 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2018.10.012&domain=pdf


462 Morgana Bosio  et al. / Energy Procedia 153 (2018) 461–465
2 Morgana Bosio et al. / Energy Procedia 00 (2018) 000–000 

1. Introduction 

A few decades ago it was possible to find many compounds in rivers and oceans, mainly plastics, discarded by 
humans. These visible compounds directly affect aquatic animals, in many cases leading to their death. However, 
there are thousands of invisible compounds that can affect the entire food chain, being released into waterbodies every 
day. These contaminants, ranging from beauty and cleaning products to certain medicines, are giving rise to an 
emerging concern. Many of these compounds, found under concentrations of ng.L-1 to µg.L-1 [1], can have a 
cumulative action in the environment. 

A major problem of some of these substances is that they are recalcitrant and bioaccumulative. Therefore, they are 
able to remain in the environment for a long time, affecting both animals and plants [2]. This way, the water quality 
of many rivers has been affected by the discharge of both untreated and treated industrial and domestic wastewaters? 
[3] 

Among the different contaminants of emerging concern, benzodiazepines that are used for treatment of the central 
nervous system as sedative, muscle relaxant and anxiolytic, play an important role. Some studies report the existence 
of these compounds in rivers from many parts of the world [4-6]. Another compound that proves to be very influential 
is carbamazepine, an antiepileptic drug used in the treatment of seizure disorders. Its biodegradation cannot be 
performed in conventional sewage treatment plants. As a consequence many studies show that it is present in rivers 
and at the end of a biological treatment [7-9].   

Since the mentioned compounds are not degraded by conventional methods it is necessary to employ processes 
that provide for the degradation of such recalcitrant compounds. As an alternative, advanced oxidative processes, 
which are characterized mainly by the degradation through highly reactive radicals with the capacity to degrade more 
complex molecules, are used [10]. Electrooxidation is one of the advanced oxidation processes that can be used to 
degrade compounds like benzodiazepines and carbamazepines. In this process, in which the anode may be Pt, BDD 
(boron-doped diamond), IrO2 or RuO2, the hydroxyl radicals, generated from water discharge at the surface of the 
anode, oxidize the organic compounds [11-13]. 

The main objective of this work was to analyze the effect of Ti/Pt anode material in the oxidation of a synthetic 
mixture of five pharmaceutical compounds, consisting of ALP, CZP, DZP, LZP and CBZ, that are usually present in 
water treatment plants (WTPs). Besides that, the neurotoxicity of a treated mixture was assessed in rat brain slices, 
using a fluorescent reactive oxygen species (ROS) indicator. 

2. Material and methods 

2.1. Chemicals and setup 

ALP, CZP, DZP, LZP and CBZ drugs were acquired from commercial sources and used as obtained. They were 
spiked at the concentration of 100 μg.L-1. HPLC-grade acetonitrile was purchased from Sigma-Aldrich. For the brain 
slices experiments extracellular artificial cerebrospinal fluid (ACSF) was prepared with the following composition (in 
mM): 124 NaCl, 3.5 KCl, 24 NaHCO3, 1.25 NaH2PO4, 2.0 MgCl2, 2.0 CaCl2 and 10 D-Glucose, pH 7.4. All chemicals 
were obtained from Sigma-Aldrich and used as received (analytical grade) without any further purification. The ROS 
indicator H2DCFDA was purchased from Life Technologies. Ultrapure water was obtained by using an Interlab Direct-
Pure purification system. The reactor, with a volume of 500 mL and magnetic stirring, contained electrodes composed 
of Ti/Pt (anode) and stainless steel (cathode).  

The concentrations of benzodiazepines and of carbamazepine were determined by HPLC (High performance liquid 
chromatography) from Shimadzu, with a diode-array detector, flow rate of 1 mL.min-1 and column C18 at 25 ºC. The 
initial gradient of the mobile phase was 70:30 of acetonitrile:water. 

A fluorescence microscope (Zeiss Axioskop) equipped with a water immersion objective (40x, N.A. 0.75, 1.6 mm 
working distance) was used for the detection of the optical signals. Light from a tungsten/halogen lamp (12 V, 100 
W) was selected using an excitation wavelength of 480 nm (10 nm bandwidth) being emission collected for 
wavelengths above 500 nm. The fluorescence signals were acquired through a photodiode system (Hammamatsu K2G 
1336, 1.0 mm2) using a 16 bit analog to digital converter (National Instruments) and the data were  processed using 
the Signal Express® software (National Instruments). The optical signals represent the ratio of the fluorescence 
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intensity (F) over the baseline fluorescence (F0, s the average of the first 10 points), after correction for the 
autofluorescence determined from non-incubated slices. 

2.2. Toxicity tests procedure 

Toxicity assays were conducted in hippocampal slices (400 µm thick) from pregnant female Wistar rats (8-16 
weeks old, 14-18 days of gestation), at the mossy fiber synaptic system. The slices were incubated in the oxygenated 
ACSF solution containing 20 μM of H2DCFDA (ROS indicator), for 1h, at room temperature. After that period, the 
slices were transferred to the control oxygenated ACSF medium until they were used. For this purpose, the incubated 
slices were transferred to the experimental chamber inserted in the microscope setup, being continuously perfused 
with the desired medium, at 32º C and a flow rate of 1.5 mL.min-1. Following the initial application of ACSF, the 
treated solution, containing the oxidized pharmaceutical compounds, was perfused for 30 min. Then, the ACSF 
medium was perfused again, also for 30 min, to investigate the ability of the synaptic activity to return to the initial 
condition. Each plotted point is an average of 100 points collected with a frequency of 1.6 Hz. All experiments were 
run in triplicate. 

3. Results and discussion 

3.1. Electrotreatment studies 

3.1.1 Compounds degradation 

The degradation (C/Co) and the percentage of degradation of ALP, CLP, DZP, LZP and CBZ, both mixed and 
applied individually, are shown in Figure 1 (A and B), after 15 min. In the mixture (A) all compounds were degraded 
between about 70 and 85 %, being the behavior of the degradations similar in both types of experiments. The 
degradation was higher when the compounds were used individually (B) than when they were mixed. In the first case, 
LZP and CBZ were completely removed, while ALP, CLP and DZP were partially degraded (Figure 1, right side). 
The higher degradation observed for the individual solutions may be explained by the fact that there is less organic 
matter in the media. Thus, all radicals produced by the electrotreatment were used to degrade a single compound, 
while in the mixture several compounds had to be degraded by the same amount of radicals. These different levels of 
degradation are in agreement with previous results [14-15]. 

 
Fig. 1 Degradation and percentage of degradation of ALP, CZP, DZP, LZP and CBZ in ultrapure water. Bar graph for comparison of the 

degradation (C/Co) and of the percentage of degradation (x) of the mixed (A) and individually applied (B) compounds.  T = 25º C, pH = 7, t = 15 
min, I = 0.05 A, NaCl = 1.5 g.L-1. 
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3.1.2. Effect of the electrolyte 

Figure 2 shows the degradation (C/Co) and the percentage of degradation of ALP, CZP, DZP, LZP and CBZ with 
different electrolyte types (NaCl and Na2SO4). The results indicate that NaCl was better at degrading the compounds. 
With NaCl, the CZP, LZP and CBZ pharmaceutical agents were completely degraded after 30 minutes, while with 
Na2SO4 the degradation of all compounds was between approximately 12 and 35 %.  This difference in the amount of 
degradation may be explained by the formation of different oxidizing species [16]. 

 

 
Fig. 2. Degradation and percentage of degradation of ALP, CZP, DZP, LZP and CBZ in ultrapure water. Bar graph representing the 

degradation (C/Co) and the percentage of degradation (x) with the electrolytes NaCl (0.5 g.L-1) and Na2SO4 (0.5 g.L-1), for different 
electrooxidation reaction times, 10 min and 30 min. T = 25º C, pH = 7, I = 0.05 A. 

3.2. Neurotoxicity studies 

The effect of the mixture of the pharmaceutical compounds used (100 µg.L-1, each) treated by the electrooxidation 
process, in neuronal metabolism, was evaluated in brain slices. For this purpose, fluorescence ROS signals were 
detected at the hippocampal mossy fiber synapses from slices incubated with the ROS indicator H2DCFDA, (Figure 
3). In the normal medium (ACSF) the fluorescence values of the ROS signal remained stable. When the treated 
solution was perfused, the ROS signal decreased significantly. Upon returning to the control (ACSF) medium, the 
fluorescence values increased towards the baseline, reaching afterwards a potentiated level. These results suggest that, 
in the presence of the treated water, there is less ROS production. 

 
Fig. 3. Electrotreated water depresses the fluorescence ROS signals from brain slices. The data points represent the mean ± standard deviation of 

normalized signals (F, fluorescence intensity; Fo, baseline fluorescence). The bar indicates the period of the treated water perfusion.  

0.0

0.2

0.4

0.6

0.8

1.0

X

X

X

X

XX

X

X
X

X

XX

X

X

X

XX
XX

30 min10 min
Na2SO4Na2SO4

NaCl

 

 C
/C

o
 Alprazolam 
 Clonazepam 
 Diazepam 
 Lorazepam 
 Carbamazepine 

    X   Degradation

NaCl

X

0

25

50

75

100

%
 D

eg
ra

da
tio

n

0.0

0.2

0.4

0.6

0.8

1.0

X

X

X

X

XX

X

X
X

X

XX

X

X

X

XX
XX

30 min10 min
Na2SO4Na2SO4

NaCl

 

 C
/C

o

 Alprazolam 
 Clonazepam 
 Diazepam 
 Lorazepam 
 Carbamazepine 

    X   Degradation

NaCl

X

0

25

50

75

100

%
 D

eg
ra

da
tio

n

0 10 20 30 40 50 60 70 80
0.6

0.7

0.8

0.9

1.0

1.1

1.2

 

 

F/
Fo

Time (min)



 Morgana Bosio  et al. / Energy Procedia 153 (2018) 461–465 465
 Morgana Bosio et al. / Energy Procedia 00 (2018) 000–000  5 

4. Conclusions 

The individual pharmaceutical compounds (alprazolam, clonazepam, diazepam, lorazepam and carbamazepine) 
were better degraded by the electrotreatment (Ti/Pt) than when mixed, probably due to the fact that, in the first case, 
there is less organic matter to be eliminated. The use of different electrolytes (NaCl, Na2SO4) lead to different amounts 
of drug degradation, possibly because the nature of the electrolytes generates different oxidative species. The treated 
water mixture caused a depression of the brain slices ROS signal in agreement with the idea that, in this medium, there 
was less physiological ROS formation.  
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