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Electroxidation technology
applied to water treatment and reuse in aquaculture.

Study of by-products formation.

R. Sanz, R. [bariez, I. Ortiz

Dpto. Ingenieria Quimica y QI. ETSIIyT, Universidad de Cantabria, Av. de los Castros s/n, 39005 Santander, Spain

Aquaculture, as a technique for growing aquatic plants and animals, is an important source of
high protein foods, and hence economical profits [1]. On the other hand, aquaculture has a negative

effect in environmental due to its wastewater rich in nitrogen compounds and organic matter [2].

Electrochemical oxidation with boron doped diamond (BDD) electrodes is a potential
technology to remove pollutants from water, including total nitrogen ammonia the main aquaculture
seawater contaminant. Previous studies in the research group have developed applications in treatment
of leachate [3], wastewater [4] and waste streams in aquaculture [5]. Concerning the latter application
and as a result of this electrochemical oxidation, bromide contained in seawater is turned into bromate, a
carcinogenic chemical. An investigation about the generation of this hazardous by-product is required,
so formation pattern of bromate during aquaculture seawater electroxidation with boron doped diamond

(BDD) electrodes was evaluated in this work.

In order to determine generation of bromates, several experiments were carried out with water
from a fish-culturing facility located in Cantabria at different current densities (10 and 50 A m™) and
constant temperature (25°C). Ion chromatography was used for bromide, bromate and chloride

quantification and spectrophotometry for total ammonia nitrogen (TAN) determination.

As a result, electrochemical oxidation technology using boron doped diamond (BDD) electrodes
was successfully tested as an efficient alternative to treat aquaculture seawater removing total ammonia
nitrogen (TAN), being 4 mg/l the maximum concentration of bromate achieved in the range of current
densities applied. It has been found current density has a large effect on % TAN removal and time
needed to reach it. Bromate formation is influenced by current density too, and its formation begins

when total ammonia nitrogen (TAN) has been practically eliminated.

Keywords: Electroxidation, by-product, bromate, BDD anode
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Aquaculture

The rearing of aquatic animals or the cultivation of aquatic plants for food
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FAO Fisheries and Aquaculture Department, World aquaculture 2010. Technical Paper 500/1 (2011)
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Aquaculture

The rearing of aquatic animals or the cultivation of aquatic plants for food

* 59.9 % production
* 30.7 % value

FAO Fisheries and Aquaculture Department, World aquaculture 2010. Technical Paper 500/1 (2011)
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Background

Boron doped diamond (BDD) electrodes
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I. Troster, et al. Diamond and Related Materials, 11 (2002) pp. 640-645
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Starting Material

Tinamenor S.L. fish farm located in Pesues, on the coast of Cantabria

: Parameter Value
, oH 7 )
Conductivity (mS/cm) 46
Salinity (%o) 29
COD (mg O/1) 52
TAN (mg/l) 0.8
NO, (mg/l) 77
NOs; (mg/l) 174
Cr (mg/l) T4
S042 (mgll) 2489 |
. Br(mgh) 60 |

V. Diaz, R. Ibafiez, P. Gdmez, A.M. Urtiaga, |. Ortiz, Water Research. 45 (2011) pp. 125-134
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Experimental Setup
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Analytical Techniques
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Analytical Technigues
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Conclusions

Electrochemical oxidation technology using boron doped
diamond (BDD) electrodes has been successfully tested in total
ammonia nitrogen (TAN) removal aguaculture seawater

The current density has a large effect on %TAN removal and the
time needed to reach it

Bromate formation is also influenced by the current density and
its formation begins when TAN has been practically eliminated
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Scop¢ ———————————————  Experimental

60 | e . o Aquaculture world production reached Power supply
50 - 52,5 million tons in 2008 (Fig.1) including fish, : Diacell 201 PP ,
crustaceans, mollusks and other aquatic ggg Viv)  1(A)
40 - animals for human consumption [1]. * 2 compartments (fig.4)
HIEE . ® Q  Boron doped diamond (BDD) on silicon
| i anode

The raise of this activity has produced an
Increase in their impact on the environment
due to the large amounts of water needed and
the wastewater produced rich in nitrogen
compounds, phosphorus and organic matter
\Qg@ @03“ ‘\@“ ‘\9@ ’\9@ [2].

Fig. 1 Evolution in aquaculture production

and cathode
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Operation conditions

* Flow rate = 6 |/min per compartment
« Seawater volume =2 |

» Temperature =25+ 2°C
* Current density

Electrochemical oxidation technology
using boron-doped diamond (BDD)
electrodes (Fig.2) can be applied to remove
pollutants generated in this activity, total

. . . J =10 A/m?

however the generation of toxic by-products, bath

specifically bromate, for cultured fish has to _ _

be taken into account [3]. Fig. 2 BDD electrode Fig. 3 Experimental setup

Aim ——  Analytical methods
To evaluate formation pattern of bromate during the | = | === - e e e e e e —-—-- ~ ~
electrochemical oxidation with boron doped diamond (BDD) lonic Ch ¢ h
electrodes onic romatograpny

Table 1 Concentration limits
Lower Upper

To study the influence of current density variation, 10 or 50
A/m?2, in Total Ammonia Nitrogen (TAN) removal and bromate
formation

Br ppm 0.1 10

Table 2 Calibration Equations

To develop analytical methods required for the quantitative
determination of the species of interest: chloride, bromide
and bromate

[Br]=12.13-CA+0.06  0.999

‘____________\

CA = Chromatogram Area
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