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Executive summary

Nitrate-nitrogen (NO5-N) contamination in natural water resource is observed in
several agricultural areas in Asian countries. The contamination is mainly from an
extensive use of nitrogen fertilizer for industrial agriculture. Later, the nitrate containing
in fertitizer is released through soil and eventually into rivers, canals and aquifer by
natural precipitation. The groundwater is a sienificant drinking water source, and
together with the nitrate cannot be removed by traditional treatment (such as filtration
and heat treatment). The removal of nitrate from groundwater is the research approach
to provide a safe drinking water and avoid the further health impact. Due to a limit of
existing carbon in groundwater, a combination of biological denitrification by
heterotrophic and hydrogenotrophic microorganisms is a potential solution. In this
research, a bio-electrochemical system was developed using graphite plate as anode
and copper wire as cathode, The system was applied various electric currents (of 10,
20 and 30 mA) and ratio of existing carbon and nitrogen {C/N of 2.0, 1.5 and 1.0). The
results revealed that the heterotrophic denitrification was mostly occurred at the high
C/N of 2.0; the microorganisms utilize the existing carbon to degrade the aqueous
nitrate to nitrogen gas. In the meanwhile, the hydrogenotrophic denitrification was also
observed at the hio-electrochemical reactor; the microoreanisms utilize CO; and Hp
gases generated from electrodes for nitrate removal mechanism. The total nitrogen
removal efficiency was 98% at the bio-electrochemical reactor (10 mA, ¢/N 1.5), while

the efficiency was 80% at the bio-reactor as control (no electric current, C/N 1.5).
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Abstract

The electrochemical technology is an efficient contaminant removal method
for wastewater treatment and reclamation. For achieving high removal efficiency, the
significant materials with excellent properties and costly were used as electrodes. In
this work, low cost materials of graphite and copper wire were utilized as anode and
cathode electrodes in the bio-electrochemical reactor. The chemical reactions at
electrodes generated CO; and H, gases, which were utilized for biological nitrate (NO5
) removal via hydrogenotrophic denitrification. The double mechanisms of
hydrogenotrophic  denitrification and heterotrophic  denitrification in the bio-
electrochemical reactor caused the increasing NOs and total N removal efficiencies
rather than the ordinary bioreactor (without electrodes and electrochemical reactions).
However, the increasing applied current of maximal 30 mA could not significantly
enhance the bio-electrochemical performance on the contaminant removal. This is
because the chemical precipitation (ie, MgCO; and CaHPOq) at the copper wire
hindered the utilization of generated H, by microorganisms. In addition, the use of
graphite electrode advantaged on aveiding the sudden pH change from denitrification
mechanism; the generated CO, from graphite oxidation played an important role for

pH neutralization during operating.

Key words: Nitrate contamination; eroundwater quality; biological treatment:

heterotrophic denitrification; hydrogsenotrophic denitrification
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<5 i v
A1979 5 F18TBLAAUDINTZUIUNTUALLEBATEY [18]

Uadaeng 4 Microfiltration | Ultrafiltration | Nanofiltration | Reverse
0smosis

QELNERIGIR AN Tsivanzay lawzan | Limunsas
Wyuany
Mandsoun3d vlala fun fun AN
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A9 VOC ylaila laidd nold f
Aanesatiunitl vinlailgt yilaile S f3n
azany
AN UARTY Laisld fnatdnise Huaunn fuaun 9
aandiudiufiansn Ty 5% Taiifiu 50% Taiin 15% | laitfu 15%
Fuld
AUUAIYD 11T 114 fin AN i 2
AURDINTHALS 1-3 3-7 510 15-70
u (Wd)

(1)

Minsegsansn (Ultrafilttration)
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2 answsnmslndh-genses (Electrodialysis)
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(3) aaaluddiundu (Reverse osmosis)

nzUIUNsRedludadunauunssuunsaEnUsneansiniy lnenssnninuauNIy
4‘ a: Qs 1 [:] 24 dy . 1 Y -i:i ci" = L2
Wauns lunisifinussduunsyuy lgarsduiteunndrseguuilidafedula

. d"d = @t & s =l 1
(Semipermeable membrane) nszuaunsiLlunsz U o6 lldadunduiileudenin

o g = Ve e ' ~ o
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6.2 nmswsBhduATEiuazgiuvsd

g [ L1 e LI = 1V cg{) & 1
Pdaaszessulaannansilideluil lown NaNOs, CH3COONa+3H,Q wag KH.PO,
o = & & ° 2 -4 P

(90115199 6) N9l NaNO; was CH,COONa+3H,0 vinntiniiuarsuafivluinsauas

. o & = o v & o o o a o a - ¢

#158unsd Tuame® KH,PO, viwmihilluarsamsdmiunisiigiivlneesqdunid lay
Y33 104099 CH,COONa-3H,0 asuansnafnilu 0.1134 0.1701 uaz 0.2268 niusedns T4

A3 C/N 7 1.0 1.5 uae 2.0 aussiy
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ﬂl } =i no’ al loJ )
M15799 6 aswaivildluniswiehduesed eeanelutuseidn 1 dn9)

C/N ratio NaNO; (n3u) CHsCOONa-3H,0 (nu) KH,POq (nN5U)
1.0 0.1214 0.1134 0.0175
15 0.1214 0.1701 0.0175
20 0.1214 0.2268 0.0175
6.3 YUNDUNTTNARDY

6 = PR N o 2 A aa )
gdunsdneunmsdanenudy 200 faddes ldadugaveaes 2 9n laugausnay
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- 1.5
S 1.0
Faufinsailwviuatisauniv 10 2.0
Fanm 10 15
10 1.0
2 fegnsallwiuatisuiu 10 1.0
Fanm 20 1.0
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6.4 A3n15iATEN

A hieuesnditaesieeeildnnuimalulasauia 3 50 W NOsN
NOs-N g2 NHg-N feAs ultraviolet spectrophotometric screening, colorimetric and
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s b
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NO-
UsgBnSaminisidnluase = (1 — L—@) x100 (1)
[N03]in

_ [NO3lout+HNOZ Jout +H{NHT Jout]
[NO3 Jin

Usgavismminmaidalulnnauiome = (1 ) x100 @
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6N03_ + SCHg,OH % 3N2 + ?Hzo + SCOZ +60H" (3)
216NO;5 + 7.42H, + 0.8C0O; —» 0.16CsH;O5N + No +5.6H,0 + 2.160H (a)
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F 80
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3 60
&
Q
T 40
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£
& 20
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2.0 i5
C/N ratios

ENO3-N @ Total N
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Eflfuent concentration (mg/L)
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C/N ratios

ENO3-N  NO2-N

JUR 11 Ysgivinmuesiulnsaldanin (n) mamdalussauazlulasouuimum waz ()
dinalulasiadludmdainge

terunsliialidudnnnluedos frsallrihuaiidnduianin wuiszansam
msfdalugsauaslulpsiauimungnda 98% s /N whiy 15 was 2.0 Weguil 12(0)
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C+2H,0—> CO, + dHY + & (5)

2C0 = Cly + 2e (6)
1

H0 —> EOQ + 2e (7)

Ufize il (drav) -

2H,0 + 2 —> Hy + 20H (8)
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Development of Heterotréphic and Hydrogenotrophic Denitrification System
for Nitrate Removal from Groundwater

PRARUNCHAYA PEUNGTIM" 2, WILAWAN KHANITCHAIDECHA" 2, AUPPATHAM NAKARUK.*

D Department of Civil Engineeriug, Facully of Engineering, Naresuan University, Phitsailok, Thailand
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ABSTRACT

Nitrate-nitrogen (NO,-N) confamination in natural water resource is observed in several agricultural areas in Asian
countries. The contamination is mainly {rom an extensive use of nitrogen lertilizer for industrial agriculture, Later,
the nitrate containing in fertilizer is released through soil and eventually into rivers, canals and aquifer by natural
precipitation. The groundwater is a significant drinking water source, and together with the nitrate cannot be
removed by traditional treatment (such as filtration and heat treatinent). The removal of nitrate from groundwater
is the research approach to provide a safe drinking water and avoid the further health impact, Due to a limit of
existing carbon in groundwater, a combination of biclogical denitrification by helerotrophic and hydrogenotrophic
microorganisms is a potential solution. In this research, a bio-electrochemical system was developed using graphite
plate as anode and stainless steel wire as cathode. The system was applied various electric currents (of 5, 10 and
20 mA) and ratio of existing carbon and nitrogen (C/N of 2, 1.5 and 1), The resulis revealed that the heterotrophic
denitrification was mostly occurred at the high C/N of 2; the microorganisms utilize the existing carbon to degrade
the aqueous nitrate to nifrogen gas. In the meanwhile, the hydrogenotrophic denitrification was occurred at the
increasing electric current of 10 and 20 mA; the microorganisms utilize CO; and Hy gases generated from electrodes
for nitrate removal mechanism. FHowever, the heterotrophic denitrification was also required to complete nitrate
removal. At the last phase of experiment, the nifrate was partial degraded to nilrate as intermediate, and further
degraded to nitrogen gas. The highest efficiency of 80% and 58% was achieved (or nitrate and total nitrogen

removal respectively.



11/11/2019 Gmail - Your Submission ACSJ-D-19-00218R1

Gma || Wilawan Khanitchaidecha <wilawanki@gmail.com>

Your Submission ACSJ-D-19-00218R1

2 messages

ACSJ Editorial Office <em@editorialmanager.com> 8 November 2019 at 08:52

Reply-To: ACSJ Editorial Office <genesis.obero@springer.com>
To: Wilawank Khanlichaidecha <wilawank1@gmail.com>

Dear Dr. Khanitchaidecha,
We are pleased to inform you that your manuscript, "Bio-electrochemical reactor using low cost electrodes materials
for agueous contaminant removal”, has beeh accepted for publication in

Journal of the Australian Ceramic Society.

You will receive an e-mail in due course regarding the production process.

Ptease remember to quote the manuscript number, ACSJ-D-19-00218R1, whenever inquiring about your manuscript.

With kind regards,

Charies Christopher Sorrell, Ph.D.

Editor in Chief

Journal of the Australian Ceramic Society

Comments to the author (if any):

Recipients of this email are regisiered users within the Editorial Manager database for this journal. We will keep your
information on file to use in the process of submitting, evaluating and publishing a manuscript, For more information
on how we use your personal details please see our privacy policy at hitps://fwww.springernature.com/production-
privacy-policy. If you no longer wish to receive messages from this journal or you have guestions regarding database
management, please contact the Publication Office at the link below.

In compliance with data protection regulations, you may request that we remove your personal registration details at
any time. {Use the following URL: https:/fwww.ediloriaimanager.comy/acsj/login.asp?a=r). Please contact the
publication office if you have any questions.

Wilawan Khanitchaidecha <wilawank1@gmail.com> 11 November 2013 at 09:11

To: Prarunchaya Peungtim <praruncha.pe@gmail.com>

[Quoted text hidden]

Wilawan Khanitchaidecha, Ph.D.
Assistant Professor

Department of Civil Engineering
Faculty of Engineering, Naresuan University
Phitsanulok, 65000, Thailand

Tel:  +66-(055)-964-224
Fax: +66-(055)-964-002

https:/imail.google.com/mailfu/0?ik=ae4227 eccO&view=pt&search=all&permthid=thread-f%3A1649596553275516835&sImpl=-msg-f%3A1649596...

112



Journal of the Australian Ceramic Society
Bio-electrochemical reactor using low cost electrodes materials for aqueous

; Manuscript Number:

“Full Title:

:Article Type:
:Funding information:
;Ahstract:

;Corresponding Author:

fCorresponding Author Secondary
{Information:

Comresponding Author's Institution:

Comesponding Author's Secondary
‘tnstitution:

Flrst Author:

:First Author Secondary Information:

Ordsr of Authors Secondary Information:

éOrder of Authors:

-Author Comments:

‘Response to Reviawers:

contaminant removal
--Manuscript Draft--

ACSJ-D-19-00218R1

. Bio-electrochemical reactor using low cost electrodes materials for aqueous
‘contaminant removal

Research

The electrochemical technology is an efficient contaminant removal method for
wastewater treatment and reclamation. For achieving high removal efficiency, the

-significant materials with excellent properties and cosily vere used as electrodes. In

this work, low cost materials of graphite plate and copper wire were utilized as anode
and cathode elecirodes in the bio-electrochemical reactor. The chemical reaction at

-electrodes generated CO2 and H2 gases, which were ulilized for biological nitrate
(NO3-) removal via autotrophic denitrification. The traditional heterotrophic

denitrification was also observed as cooperaling mechanisms in the reactor, At the

-lowest C/N ratio of 1, the NO3- removal efficiency was decreased to 72% due to

insufficient subslrates for effective denitrification. However, the increasing electric

-current of maximal 30 mA could not enhance the aulotrophic denitrification ‘
-performance, This is because the chemical precipitation (i.e., MgCO3 and CaHPO4) at
-the cathode hindered the ultilization of generated COZ and H2 by microorganisms.
‘However, bio-electrochemical reactor using the combination of electrochemical and
“biological processes provided the better performance than ordinary bioreactor.

‘Wilawank Khanilchaidecha

Naresuan University

THAILAND

Naresuan University

Prarunchaya Peunglim

Prarunchaya Peungtim

‘Witawank Khanitchaidecha

‘Auppatham Nakaruk, Ph.D.

There are many corrections in accordance with your comments, as following;

1.In the introduction, a fuil paragraph is added to give details of graphite, and some
sentences are explained to clarify the reason for selecting graphite and copper wire as
elecirodes.

2.In the resuits and discussion, all contents are rewritten to explain clearly on role of
graphite in the process, graphite characterisation and relevancy of this article to the

‘journal.

3.Table 2, Fig. 2 and Fig. 3 are revised.
4.The abstract and conclusion are revised according to the rewritten content,

‘5.80me references [13-15, 22] are added.
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12 11
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12 14 Abstract
17 15 The electrochemical technology is an efficient contaminant removal method for wastewater
18 16 treatment and reclamation. For achicving high removal efficiency, the significant materials
;g 17  with excellent properties and costly were used as electrodes. [n this work, low cost materials
21 18  of graphite and copper wire were utilized as anode and cathode electrodes in the bio-
22 19 electrochemical reactor. The chemical reactions at electrodes generated COjz and Hy gases,
23 20 which were utilized for biological nitrate (NO37) removal via hydrogenotrophic denitrification.
24 21 The double mechanisims of hydrogenotrophic denitrification and heterotrophic denitrification
25 22 in the bio-electrochemical reactor caused the increasing NO3 and total N removal efficiencies

3? 23 rather than the ordinary bioreactor (without electrodes and electrochemical reactions).
28 24 However, the increasing applied current of maximal 30 mA could not significantly enhance the
29 25 bio-electrochemical performance on the contaminant removal. This is because the chemical
g 2 26 precipitation (i.e., MgCOs and CaHPOL) at the copper wire hindered the utilization of generated
32 27 H; by microorganisms. [n addition, the use of graphite electrode advantaged on avoiding the
33 28  sudden pH change from denitrification mechanism; the generated CO; from graphite oxidation
34 %8 played an important role for pH neutralization during operating.
35
gg 31 Key words: Bio-clectrochemical reactor, low cost electrodes; copper wire; graphite;
38 32 wastewater treatment
39 33
40 34 Introduction
j; 35  water scarcity is one of this century’s concerning environmental issues, due to an increase in
43 36  water demand for domestic, industrial and agricultural sectors and climate change [1, 2}. The
44 37  wastewater treatment and reclamation are becoming an important for migrating severe water
45 38  scarcity. Generally, the wastewater contains various contaminants and concentrations, relating
46 39 {0 the wastewater source; the domestic and agricultural wastewater contains high nitrate and
j; 40 phosphate from household surfactants and fertilizers uses [3]. In the meanwhile, the toxic
19 41  chemicals such as dye-pigments and phenolic compounds are observed in industrial textile and
50 42 petrochemical industries, respectively [4, 5]. When the untreated wastewater is discharge to
51 43 natural water resoutce, it can affect human health and water quality. Therefore, World Health
52 44 Organization (WHO) announces the maximal limits of several contaminants for drinking and
gi 45  consumable water [6], in addition the guideline for industrial effluent can be found in United
55 46 States Environmental Protection Agency [7].
56 47
57 48  The electrochemical technology including, electrochemical oxidation, electrochemical

gg 49  coagulation and electrochemical floatation, has received increasing attention, because it is more
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sufficient than other advanced methods [8]. The electrochemical oxidation is one of the most
efficient contaminants degradation; the contaminants are absorbed on the anode surface and
then degraded by electron transfer in the direct oxidation, whereas the strong oxidants (such as
Clz, O3 and H20,) are generated and the contaminants are destroyed by the oxidants in the
indirect oxidation [9]. Various materials have been used as electrodes for efficient wastewater
treatment and reclamation; for examples, 1) the platinum anode is a well-known electrode
material for organics oxidation [10], 2) the boron-doped nanocrystalline diamond was anode
electrode for decolorization of acid yellow azo dye [11], and 3) the three-dimensional
RVC/PbO; anode was suggested as electrode material for degradation of glyphosate and phenol
[12]. The above materials provide good conductivity, high decolorization after several times of
reuse, and excellent oxidation kinetic. However, they are very costly and not capable electrode
materials at the site.

Graphite is a crystalline and low density of carbon. The most important graphite properties of
high thermal resistance, high electrical conductivity and high thermal conductivity cause many
applications of graphite in various rescarch fields. The graphite is used as artificial solid
electrolyte interphase (SLI) in lithinn-ion-battery [ 13]. electrodes for carbon nanotube {CNT)
composite synthesis by arc discharge method [14] and electrodes for electric are furnaces [15].
Therefore. there is a potential for applying graphite as electrodes in electrochemical wastewater
technology. In addition. the integration of above clectrochemical technology and ordinary
wastewater treatment (i.e., biological process) could be enhancing contaminants removal
efficiency and achieving the water reclamation standards.

Biological treatment, as named activated sludge system, is a common onsite wastewater
treatment system for either household or industry. Recently, the combination of biological
treatment system and other technologies have been widely applied for actual water reclamation.
The membrane bioreactor was developed for rejecting micropollutants from various
wastewater sources; the synergic effect of sorption, biodegradation and membrane separation
in the system enhanced the efficiency and also improved the water quality [16]. Furthermore,
the integrated system of biclogical and advanced treatments was established as full-scale of
coking wastewater reclamation plant; the multiple aromatic compounds in the wastewater were
continuously removed, and BTEXs and humic-like substances were observed in the last
treatment stage [17]. Significantly, the biological treatment is more efficient for water-soluble
contaminants and suitable for destroying many contaminants such as organic and nitrogen [ 18,
19].

The aim of this work was to develop an integrated system of biological and electrochemical
technologies (as named bio-electrochemical reactor) to treat the wastewater. The nitrate-
nitrogen (NO3-N), which are an aqueous form of nitrogen contaminant and commonly found
in domestic and agricultural wastewater, was the selected contaminant. The graphitc material
was used as anode electrode, while the another corrosion-resistant metal of copper wire was
used as a cathode material. [ts durable metal, lightweight and less expensive rather than steel
cause that the copper wire is a potential electrode for this developing bio-clectrochemical
reactor. The system was continuously operated for over 60 days in this study to find out the
opportunity to be alternative onsite system for wastewater treatment and reclamation in the
future.

Methodology
Experimental apparatus
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A schematic diagram of bio-electrochemical reactor is illustrated in Fig. 1. The main reactor
compattments consisted of closed acrylic cylinder (working volume 1,400 mL), graphite
(75%300x10 mm) as anode, copper wire (diameter 1 mm and length 500 mm) as cathode, DC
power supply, magnetic stirrer, wastewater tank and peristatic pump (175 mL/h). The copper
wire was spirally covered on the graphite plate and both were inserted in the cylinder reactor.

Wastewater and microorganisms

The synthetic wastewater was prepared by dissolving NaNO3, CH3COONa and KH2POy in tap
water, From Table 1, NaNOs and CH3COONa were playing roles as nitrate and organic
contaminants, whereas the KHaPOy4 was represented a nutrient for microbial growth. Amount
of CH3;COONa was varied from 0.1134 to 0.2268 g/L, referring to a C/N ratio of 1.0 to 2.0.

The mixed microorganisms were collected from wastewater treatment plant of Wang Tong
Hospital (Phitsanulok, Thailand), and cultivated under anaerobic condition. The cultivated

microorganisms were transferred to the bio-electrochemical reactor for running the experiment.

Table I Chemicals used in preparing the wastewater

C/N ratio NaNOs3 (g/l.) CH3;COONa-3H,0 KH2PO4 (g/L)
(g/L)
1.0 0.1214 0.1134 0.0175
I.5 0.1214 0.1701 0.0175
2.0 0.1214 0.2268 0.0175

Experimental procedure

200 mL of cultivated microorganisms was added into the reactor. In Phase 1, the reactor was
applied with the constant curient at 10 mA, while the C/N ratio in wastewater was varied from
2.0 to 1.5 and 1.0. During Phase 2, the applied current was stepwise increased from 10 to 20
and 30 mA, however the C/N ratio in wastewater was controlled at 1.0 (as shown in Table 2).
The treated water was collected every day for water quality analysis. Furthermore, another
reactor was set-up as ordinary bioreactor.

Analytical methods

Three forms of nitrogen including NO3-N, NO2-N and NHa-N were determined by ultraviolet
spectrophotometric scicening, colorimetiic and phenate inethods, respectively in accordance
with the standard methods for the examination of water and wastewater [20]. The organic was
determined by total organic carbon (TOC) analyser (Analytikjena, multi N/C 2100s). The
reactor performance was indicated by NO3™ removal efficiency and total nitrogen (N) removal
efficiency, which both were calculated in Egs. (1) and (2).

itr K 1 J pu— [_N..(.?.g.]&l.{‘.!:.
Nitrate removal efficiency (1 NO- 1m ) x100 | (n
- - +
Total nitrogen removal efficiency = (1 — 1805 Jou+[NOy Joye +[NH 1"‘“]) x100 (2)
[NOzlin
3
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24142

25143

26144 Table 2 Experimental conditions

21145

29 Reactor Applied current (mA) C/N ratio
30 Bioreactor (control) - ‘ 2.0

31 - 1.5

32
33 : 1.0
34 Bio-electrochemical 10 2.0

35 reactor — Phase | 10 1.5
36 10 1.0
37 Bio-¢clectrochemical 10 1.0
39 reactor — Phase 2 20 1.0

40 30 1.0

jg’] 47  Results and Discussion

441 48  The ordinary bioreactor was operating at various C/N ratios and no applied current, and the
45149 results are shown in Figs 2a and 2b. The high NOs3™ and total N removal efficiencies of greater
46150  than 99% were achieved at 2.0 C/N ratio. The NO3™ was completely removed by biological
4151 heterotrophic denitrification during exceeding organic substrate (i.e, CH3OH, CH3COONa).
481 52 The reaction of heterotrophic denitrification is briefed in Eq. (3). At lower C/N ratio of 1.5,
50153  both efficiencies decreased 93% and 80% with a high effluent NO;" (reduced form of NOz).
51154  The continuous decrease in efficiencies were observed at the lowest C/N ratio of 1.0. The
52155  results strongly agreed that the organic content was significant factor for successful treatment
2431 56 of NOs contaminant. As suggested in a literature [21], the heterotrophic denitrification was

51 57  dominant mechanisms, when the organic was adequate at greater than 1.0 C/N ratio,

51159 Biological reaction:
2460 6NOy + SCH;0H — 3N; + 7Ha0 + 5C0; +60H" 3)

60 4
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2.16NO;™ + 7.42H, + 0.8CO2 — 0.16CsH702N + N» +5.6H0 + 2. 160H" 4)

When the graphite was applied as anode in the bio-electrochemical reactor. The NOj™ and total
N removal efficiencies were still over 98% at 1.5-2.0 C/N ratios, as seen in Fig. 2¢. The carbon
was dissolved from the graphite electrode and formed as aqueous CO; and/or HCOj3™ (in Eq.
(5)). In the meantime, the water electrolysis was occurred at the cathode of copper wire; small
bubbles of hydrogen gas (Hz) was observed along the copper wire length (in Eq. (8)). However,
the other possible reactions occurred at the anode and cathode are listed in Eqgs. (6)-(11) [22].
According the above electrochemical reactions, the another biological NO3™ removal was
happened, namely hydrogenotrophic denitrification; the generated CO» and Hz were utilized
for removing NOj™ contaminant (see in Eq. (4)). The double biological mechanisms in the bio-
electrochemical reactor using graphite electrode was a significant reason for enhancing the
contaminant removal efficiency rather than the ordination bioreactor.

Electrochemical reaction (anode):

C+2H,0 —» COz +4H" + ¢ (5)
2ClI— Ch + 2¢ (6)
1
H,O — 502 + 2e” (7
Flectrochemical reaction (cathode):
2H,0 + 2e¢” — Hy + 20H" (8)
1
502 +HO + 2¢ — 20H" %
NOz + H20 + 2¢ -» NO» + OH” (10)
NOz + 6H20 + 6e —> NHs™ + 801 (1)
100 %
5 () ~ (b}
£ g
5 7 5
g 0 - )
= ER -
; 30 L .
=4 P
0 0 (R o
20 1.5 Ex s Lo
CON raties N ratios
8 NON @ TN 0 NON RO
100 s
- {c} (d}
= e
3 4o g
2 LR
3w <
o N b e
LS 0 LS
VN s N bl
o NON W ToaN B ONON  NOXN

Fig. 2 Removal efficiency of (a) bioreactor (c) bio-electrochemical reactor - phase 1, and
effluent concentration of (b) bioreactor and (d) bio-electrochemical reactor - phase 1.
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The another advantage of using graphite as electrode in the bio-electrochemical reactor was the
pH control ability; the pH was increased from 7.7 to the maximal value of 8.9 in the ordinary
bioreactor, whereas the pH was slightly reduced to 7.3 in the bio-electrochemical reactor. This
is because the CO; generated from graphite electrode acted as a weak acid for pH neutralization
in accordance with the biclogical NO3* removal process.

Some NOy was detected after finishing the bio-electrochemical treatment (Fig. 2d). This NOy
accumulation was from a partial denitrification that commonly occurred at a low organic
condition [23, 24] and/or an electrochemical cathodic reaction in Eq. (10). However, no NH*
from cathodic NO;™ reduction was occurred in this experiment. In the literature [25], the NH4"
was observed and required a further treatment, when the stainless steel was used as both anode
and cathode. It is possible that the use of graphite and copper wire and together with an
clectrode potential of the systems had impacts on the cathodic reaction occurrence.

Later, the applied current was increased from 10 mA to 20 and 30 mA in the bio-
electrochemical reactor. From Fig. 3a, the efficiencies were slightly increased to 80% for NOs™
removal and 60% for total N removal at the higher currents. At the high currents, the amount
of CO; and Hs from electrochemical reaction was increased, however it could not enhance the
contaminant removal efficiency via hydrogenotrophic denitrification. The key reason was that
the generated Hz could not be effectively utilized by microorganisms. The Mg** and Ca®* ions
existing in the tap water (as presented in hardness) induced to the precipitation of MgCOs3,
CaCOjand CaHPO4 on the copper wire {26, resulting an ineffectiveness of Ha utilization. On
the other hand, the degradation of graphite electrode was observed at the highest current; small
carbon was suspended in the bio-electrochemeial reactor, and the organic concentration was
increased in the treated water.

From all results, the bio-electrochemcial reactor achicved the higher performance of NOj
contaminant removal rather than the ordinary bioreactor from cooperating hydrogenotrophic
denitrification and heterotrophic denitrification. Furthermore, the low cost material of graphite
and copper wire can be used as effective electrodes for bio-electrochemical, and this reactor is
possible to be alternative onsite wastewater treatment and reclamation system.

100 S
- {b)
F s 5
5 e
g 6 -
w40 g
o E
0 . 0
20 0
Applied current {ird) Applied current {inA)
® NON B TealN u NO,N  XNON
Fig. 3 (a) Removal efficiency and (b) effluent concentration of bio-electrochemical reactor -
phase 2,
Conclusion

The integration of electrochemical and biological processes in a single reactor was developed
in this study for a potential onsite wastewater treatment and reclamation. The low cost of
graphite and copper wire was introduced as anode and cathode materials. The electrochemical

6



mechanisms of graphite oxidation and water electrolysis were occurred; the generated COz and
H2 were utilized as substrates for biological hydrogenotrophic denitrification to remove the
NOj3™ contaminant from the wastewater. Both the C/N existing in the wastewater and the applied
current to the bio-electrochemical reactor were effected on the NOs™ and total N removal
efficiencies. The decrease in C/N ratio caused the ineffective heterotrophic denitrification
(NO; and NO3™ accumulation eventually). However, the electrochemical reactions from
graphite and copper wire electrodes encouraged the double mechanism of hydrogenotrophic
denitrification and heterotrophic denitrification, resulting the enhancement of NO3™ and total N
removal efficiencies. The increase in applied current could not much improve the efficiencies
in this study, because the chemical precipitation occurred on the copper wire reduced the
effective biological Hz consumption.
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