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Abstract

In this work, the electrochemical oxidation of ammonium from simulated groundwater on
boron-doped diamond (BDD) electrodes was assessed in order to be integrated within the
drinking water treatment technology. All nitrogen species, i.e., nitrate, nitrite and total
nitrogen, were monitored to assess the electrochemical nitrification of ammonium until
gaseous nitrogen. For the simulated groundwater containing ammonium concentration of
about 1 mgL™, the application of electrochemical oxidation at lab scale using BDD electrodes
at the current density of 50 Am™ assured an efficient oxidation of ammonium resulting nitrate
at the concentration below maximum allowance concentration, as main intermediate of the
electrochemical nitrification.

Introduction

It is well-known that the presence of ammonium in groundwater used as source for the
drinking water represents a public health issue in developing and developed countries [1]. The
Romanian legislation imposes the maximum allowance concentration (MAC) for ammonium
in drinking water of 0.5 mg/L and higher concentrations require its removal. The ammonium
presence in groundwater influences the selection of drinking water treatment process [2-4],
the conventional method consisting in the ,,break-point“chlorination [2]. The drawbacks of
the conventional method demand to find new technological solution for the ammonium
removal from drinking water.

The electrochemical oxidation represents an advanced oxidation process studied for
the removal of organic and inorganic compounds especial from wastewater [5, 6] and less
from drinking water, except in disinfection stage. In general, the electrochemical oxidation
actS to destroy the pollutants by direct oxidation on the electrode surface or by indirect
oxidation through various powerful oxidants generated within the electrolyte depending on
the electrolyte composition, e.g., hydroxyl radical, Cl,, etc.

The process performance key is given by the electrode material that besides the water
composition dictates the type of direct or indirect oxidation. Boron-doped diamond (BDD)
anodes have been successfully applied for advanced treatment of wastewater and also,
disinfection due to its great mechanical and electrochemical properties, such as: resistance,
inertness to the corrosion media, stability etc. The promising results have been reported for
the application of BDD electrode for ammonium oxidation from waterwaters [7-9]. However,
there are a few reports related to ammonium removal from drinking water. The results of the
test applied for removal of ammonium form groundwater using an electrooxidation module
integrated within the groundwater treatment pilot plant was reported by our group [10].

The aim of this paper is to study the performance of electrooxidation process using
BDD electrodes at the laboratory scale to assure the electrochemical nitrification in order to
remove the ammonium fROm simulated chloride containing groundwater.
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Experimental

For bulk electrolysis a rectangular cell made of stiplex, with intercalated vertical
anodes and cathodes, was used. The cell arrangement consisted of boron-doped diamond
(BDD) anodes with the active surface area of 0.021 m? intercalated with the stainless steel
cathodes at the distance between anodes and cathodes of 1 cm. The electrolysis was carried
out at room temperature (22-25 °C) in batch mode under galvanostatic working regime for 1
mgL™ ammonium in 250 mgL™ NaCl supporting electrolyte. The BDD/Nb electrodes (100
mm x 50 mm x 1 mm) by CONDIAS, Germany were used as anodes, and stainless steel
plates (100 mm x 50 mm x 1 mm) were employed as cathodes. A regulated DC power supply
(HY3003, MASTECH) was used to assure galvanostatic regime at current densities of 50 mA
cm™ and 100 mA cm.

At given time intervals, samples were drawn from the cell to monitor the performance
of the electrochemical process in terms of nitrogen species concentrations. Determination of
the nitrate, nitrite and ammonium concentrations was performed according to the standardized
methods. For the determination of ammonium concentration, SR 1SO 7150-1 / 2001 was used
by the spectrophotometric method, the determination of nitrite content was carried out using
the molecular absorption spectrometry method SR ISO 6777/1996 and the determination of
nitrate content was performed using the method SR 1SO 7890-1 / 1998 by spectrophotometric
method with 2,6 dimethylphenol. Total nitrogen was determined using the total organic
carbon analyzer, TOC-L CPH SHIMADZU.An Inolab WTW pH meter was used to measure
the solution pH.

The specific energy consumption, W, was calculated with the relation (1):

w_ - Q*V U (kwhdm?) )
* 1000
where Q represents the specific charge consumption, U is the cell voltage (V), V is the

solution volume (dm?).

Results and discussion

Even if the ammonium conversion into nitrogen represents the main reaction
characteristics to the electrochemical nitrification (egs. 2, 3), some intermediates of nitrogen
species (nitrite and nitrate) should be generated (eq. 4), which are undesired and affecting the
water quality. The electrolysis process was conducted to maintain all nitrogen species below
the maximum allowance concentrations (MAC) regulated by the legislation with minimum
energy consumption. The evolution of the nitrogen species during the electrolysis process
under conditions of applying a current density of 50 Am™ for a synthetic water containing
0.906 mgL™ NH," is presented Figure la. It can be seen a fast decrease of ammonium
concentration and after 150 seconds the ammonium concentration reached below the MAC of
0.5 mgL™ (Figure 1b). Also, during the first stage of the electrolysis the nitrate concentration
increased followed by the sharp decreasing and then, a further slight increasing occurred.
Total nitrogen as sum of the all nitrogen species followed the nitrate tendency characterized
by the lower value, which means that the major intermediate is nitrate besides the gaseous
nitrogen.
The main reactions that govern the electrochemical process are [7, 10]:

2NHj3 3+ 6 OH =Ny + 6H,0+6 € (@)
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In the presence of chlorine generated electrochemically from chloride present into the water,
the ammonium oxidation should occurred in according with equations (3) and (4).

+ -
2NH; (aq)t 3HOC|—)N2(g) + 3H,0+3H"+3Cl (3)
- + -
2NHj (2t 4HOCI—>NOg + 3H,0+4H"+4Cl (4)
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Fig. 1. a) Concentration profile for ammonium, nitrite and nitrate species during electrolysis
on BDD operated at 50 Am™ for simulated water containing 0.9 mgL™ ammonium and 250
mgL™* NaCl at pH=7.7; b) Detail of Figure 1a

A very important working parameter for the electrolysis operation is considered current
density that dictates the process kinetics. Two current densities of 50 and 100 Am™ were
applied and the evolution of the nitrogen species are presented in Figures 2 a and b. A slight
enhancement of the process performace is noticed for 100 Am™ but the question that arises is
given by the economic aspect.
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Fig. 2. Comparative concentration profiles for nitrogen species during electrolysis on BDD
operated at 50 and 100 Am™ for simulated water containing 0.9 mgL™ ammonium and 250
mgL™* NaCl at pH=7.7: a) ammonium and nitrite; b) nitrate and total nitrogen

The specific energy consumption is considered the main component of the economic aspect
and its evolution is presented comparatively for both current densities in Figure 3. It is
obviously that the longer electrolysis time the higher specific energy consumption and also,
higher current density higher the energy consumption, thus, the electrolysis time and the
current density should be selected in according with the concrete application.
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Fig.3. Specific energy consumption during electrolysis process

Conclusion

The electrochemical oxidation of ammonium from simulated groundwater on boron-doped
diamond (BDD) electrodes assured the electrochemical nitrification of ammonium for both
applied current densities of 50 and 100 Am™. Besides the desired conversion of ammonium
into gaseous nitrogen, nitrate, nitrite and total nitrogen were identified as intermediates,
nitrate being the main intermediate but under the maximum allowance concentration of 50
mgL™. Higher current density allowed the ammonium conversion of ammonium to gaseous
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nitrogen more effectively in comparison with lower current density but the application of high
current density is limited by the economic aspect. Thus, for the simulated groundwater
containing ammonium concentration of about 1 mgL™, the application of the current density
of 50 Am™ assured an efficient oxidation of ammonium at short electrolysis time of 250
seconds, when the all nitrogen species intermediates were generated at the concentrations
below the maximum allowance concentrations avoiding water pollution. However, the
presence of nitrate within the real groundwater matrix at the concentration higher than
maximum allowance concentration limited the application of this cell arrangement and
operating conditions of the electrochemical process within the drinking water treatment
technology.

Acknowledgements

This work was supported by a grant of the Romanian Ministry of Research and Innovation,
CCCDI-UEFISCDI, project number 26PCCDI/01.03.2018, “Integrated and sustainable
processes for environmental clean-up, wastewater reuse and waste valorization”
(SUSTENVPRO), within PNCDI II1.

References

[1] G. Huang, F. Liu, Y. Yang, W. Deng, S. Li, Journal of Environmental Management 154
(2015) 1-7.

[2] V. Patroescu, C. Jinescu, C. Cosma, I. Cristea, V. Badescu, Revista de Chimie 66 (4)
(2015) 537-541.

[3] G. Romanescu, E. Paun, I. Sandu, I. Jora, E. Panaitescu, O. Machidon, C. Cristian
Stoleriu, Revista de Chimie 65 (4) (2014) 401-410.

[4] D. Bociort, C. Gherasimescu, R. Berariu, R. Butnaru, M. Branzila, I. Sandu, , Revista de
Chimie 63 (11) (2012) 1151-1157.

[5] G. Perez, J. Saiz, R. Ibanez, A.M. Urtiaga, I. Ortiz, Water Research 46 (2012)2579-2590.
[6] H. Sarkka, A. Bhatnagar, M. Sillanpaa, Journal of Electroanalytical Chemistry 754 (2015)
46-56

[7] A. Kapalka, L. Joss, A. Anglada, C. Comninellis, K. M. Udert, Electrochemistry
Communications 12 (2010) 1714-1717.

[8] V. Diaz, R. Ibanez, P. Gomez, A. M. Urtiaga, I. Ortiz, Water Research 45 (2011) 125-
134.

[9] W.T. Mook, M. H. Chakrabarti, M. K. Aroua, G. M. A. Khan, B. S. Ali, M. S. Islam, M.
A. Abu Hassan, Desalination 285 (2012) 1-13.

[10] N. Lungar, K. Bodor, I. Vlaicu, A. Pacala, F. Manea, Proceedings of International
Conference Sustainable Solutions of Water Mangement, Bucharest 15-17 May 2017, 49-58.

378



