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Microbial water desalination and
bio-electricity generation — role of
biomass carbon
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Taramani, Chennai 600 113, India

Microbial desalination cells (MDCs) are modified mi-
crobial fuel cells (MFC) that are energy-sustainable.
They use organic matter in wastewater as the energy
source for desalination. The electric potential gradient
is caused by exoelectrogenic bacteria. A typical MDC
has a middle compartment for water desalination
between the anode and cathode chambers. Our study
reports lab-scale desalination, for evaluating the role
of carbon from biomass waste, i.e. coconut shells.
Control experiments were performed in the absence of
activated carbon. Different initial salt concentrations
(25 and 35 gl™") were investigated. MDC produced a
maximum voltage of 460 + 13 mV simultaneously re-
moving about 83.3 +1.3% of Na* and 57.8 + 1.1% of
CI, in the desalination cycle. The control MDC pro-
duced a maximum of 260+ 8 mV and 69.3 +2% of
Na" removal and 51 + 1.5% CI” removal. These results
explain the role of using activated carbon for
improved power production and water desalination.

*For correspondence. (e-mail: ac_sophia@neeri.res.in)
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The SEM image of the biofilm shows pili (nanowires)
with rod-shaped microorganisms. EDAX confirmed
the presence of minerals such as Al, P, K, O, N, which
may be due to chemical scale formation (especially P,
Na and Ca).

Keywords: Biomass carbon, graphite electrodes, mi-
crobial desalination, microbial fuel cell, potable water.

CLEAN drinking water has become a major challenge for
the world. The United Nations estimates that one third of
the world’s population is living in water-deficient re-
gions'. Groundwater, rivers and lakes have provided
water for domestic, agricultural and industrial purposes.
However, urbanization and population growth have re-
sulted in water pollution and hence shortage. Neverthe-
less, oceans are inexhaustible sources of water, but their
main disadvantage is high salinity. It would be a break-
through if the portable water-scarcity problem is tackled
by desalinating this water. Desalination technologies
convert saline water to clean water, however, the present
technologies such as reverse osmosis are energy-intensive
involving high capital cost”*.

Microbial desalination cell (MDC) is an emerging con-
cept for water desalination and has gained increasing at-
tention these days® '*. MDC is a modified microbial fuel
cell (MFC) made up three compartments. Saline water is
fed into the middle compartment, separated from the an-
ode chamber by an anion exchange membrane (AEM),
and from the cathode chamber by a cation exchange
membrane (CEM)’. The anode chamber is anaerobic and
is filled with a medium that can support anerobic electro-
chemically-active microbial growth. These microorgan-
isms grow on the surface of anode forming a biofilm,
oxidize organic substrates and release electrons (e),
which move to the cathode to reduce terminal electron
acceptors (e.g. oxygen). To maintain electroneutrality,
cations in the saline solution migrate through CEM into
the cathode chamber and anions move through AEM into
the anode chamber. Saline water in the middle chamber is
thus desalinated. Cao et al.’ successfully demonstrated
the MDC concept. Charge balance issues associated with
separation of anode and cathode in bioelectrochemical
systems (BES) were investigated by Harnisch er al.".
MDC technology is being improved towards practical
application'®. For example, configuration of MDCs has
been designed as stacked or tubular for continuous opera-
tion'>'. Recently, ion-exchange resins were added to the
salt chamber of an MDC to enhance desalination of brack-
ish water with low salinity'®™'®.

In an effort to improve desalination efficacy and to
lower the cost, we examined the role of biomass-based
carbon in MDC. Performance of the MDC was evaluated
in terms of changes in voltage and NaCl concentrations.

MDC was set up as reported by Cao et al.’. The vol-
umes of the anode, middle desalination and cathode
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chamber were 500, 250 and 500 ml respectively. The an-
ode chamber was filled with the medium, reported’ to be
spiked with domestic wastewater collected from the inlet
of a treatment facility in Chennai, India. The pH and con-
ductivity of the wastewater were 6.7 +0.2 and 6.1
0.6 mS cm . Total initial COD was 480 + 50 m gl '. The
anode chamber was filled with 5 g of activated carbon
from biomass. After pretreatment, Neospeta (AHA, Ja-
pan) and Nafion 117 (Sigma—Aldrich) were used as AEM
and CEM respectively. Graphite rods of area 17 cm? were
used as electrodes. Control experiments were performed
without activated carbon to evaluate its significance. Dif-
ferent initial salt concentrations (25 and 35 gl™') were
studied in the control and experimental MDC. The concen-
trations used for current desalination study represent the
range of salinity found in sea water. The cell was connected
to a 1000 KQ resistor. These experiments were run in trip-
licates under the same conditions for 25 days.

The activated coconut shell preparation and its charac-
teristics had been explained earlier'”. The pH, moisture
content and bulk density of the carbon were determined
following APHA standard methods®. Sodium concentra-
tion was determined by a flame photometer (Systronics
128) whereas chloride concentration was determined by
argentometric titration method”. COD was analysed by
open reflux method”. Conductivity was measured using a
conductivity probe (Eutech Instruments, India). pH was
determined by a digital pH meter (Roy Instruments,
India). Voltage (V, volts) across the external resistor
(Rex = 1000 Q) was recorded at definite intervals using a
simple handheld digital multimeter (Mastech M3900).
The current density (/, amps) through the electrical circuit
was also measured. During the experiment, the solution
in the anode was spiked with acetate solution when the
voltage decreased to <0.15 V. BET surface area and the
porosity determined by an ASAP 2010 automatic physi-
cal adsorber using purified nitrogen gas. The quantity of
nitrogen adsorbed on carbon samples was used to

A'AY

R=1KQ

Desalination
chamber

Wastewater HElmg

Na*
Saline water
Cr

Ex ~ O, +e +H"
C>Hz

L

Cathode

CO,, CH,

Coconut shell
carbon ‘
AEM :
neosepta AHA

CEM:
Nafion 117

Figure 1. Schematic representation of MDC.
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Figure 3. Conductivity readings recorded in the desalination chamber and the anode chamber (inset).

calculate the specific surface area. The surface morpho-
logy of the biofilm formed on the anode surface was
recorded using Nova NanoSEM 450.

Our work is part of a long-term project aimed at
exploring the role of different biomass carbons on the
performance effieciency of MDC. The constructed MDC
is represented in Figure 1.

The pH recorded in desalination chamber and anode
chamber (Figure 2) shows marginal increase suggesting a
possible migration of ions from the middle chamber to
the anode chamber during desalination. The buffer capac-
ity present in the wastewater probably helped maintain
microbial activity while the buffering capacity of the
MDC anode probably helped in maintaining the microbial
population. Luo e al.*' examined the buffering capacity
of MDC anolyte using pH and alkalinity measurements.

Figure 3 represents the variation in conductivity meas-
ured in the desalination and anode chambers. In the con-

CURRENT SCIENCE, VOL. 111, NO. 6, 25 SEPTEMBER 2016

trol and experimental samples, the conductivity in
desalination chamber substantially decreased and conduc-
tivity increased in the anode chamber. The conductivity
in the middle chamber decreased about 55-58% in the
control and 60-65% in the experimental MDC cycles.
The gradual increase in conductivity of the anolyte solu-
tion during desalination may be attributed to the migra-
tion of chloride anions from the middle chamber salt
solution to the anode chamber. The decrease in conduc-
tivity in desalination chamber during desalination in a
MDC was reported earlier”*'*.

Final COD of the anode anolyte after 576 h of opera-
tion was reduced by 22 +3% (25gl™") and 21.2+2%
(35 gI'") in the MDC control. Final COD in the experi-
mental MDCs reduced by 38+3.5% (25gl’') and
35.2 +2.5% (35 gl'"). The reduction of COD in the MDC
control may be due to microbial activity. The reason
behind removal of COD in MDCs with granular coconut
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shell carbon may be apparently due to adsorption of
organics onto the carbon and later microbial activity'.
Bacterial growth on the carbon surface may remove/
consume the organics in wastewater and thus regenerate
the carbon bed for further adsorption.

The voltage readings obtained during the four runs
(Figure 4) and the current readings over a resistance of
1 KQ (Figure 5) show vacillation during the experimental
runs, probably due to the complexity of the substrate,
mixed consortium and microbial activities’'. The anolyte
was spiked with a known concentration of acetate when
the voltage dipped close to 0.15V, to avoid substrate
limitations for anode respiring bacteria. A maximum vol-
tage of 460 £ 13 mV was obtained during the experimen-
tal MDC cycle run of 25gl™' NaCl. For the same
concentration of NaCl, the control MDC cycle exhibited a
maximum voltage of 260 £ 8 mV. A maximum voltage of
425 £ 9 mV was obtained during the experimental MDC
cycle run of 35 gI™' NaCl. For the same concentration of
NacCl, the control MDC cycle exhibited a maximum volt-
age of 226 £ 5 mV. It was observed that desalination of
lower salt concentrations (25 gl™") exhibited higher volt-
age than that of higher salt concentrations (35 gl™'). The
reasons may be (i) lesser growth of anode respiring bacte-
ria; (ii) inhibition in biofilm formation due to the higher
chloride concentration; or (iii) low pH within the anode
biofilm***. The carbon surface may support a stronger
bacterial community and increased electron transfer in
the anodic chamber, through the formation of a biofilm.

800
700 " . -

— Voltage in mV with granular carbon (25 gI”* NaCl)
600 Voltage in mV with granular carbon (35 gl’1 NaCl)

500

400

Voltage (mV)

AT
(3

N

Time (h)

800
700
—— Voltage in mV without granular carbon (25 gI”' NaCl)

600
Voltage in mV without granular carbon (35 gl" NaCl)

|| |
, M\tﬁ/*z\v& 33 /rr, 9

%

500

400 l l

300

Voltage (mV)

0

0 100 200 300 400 500 600
Time (h)
Figure 4. Voltage readings (arrows show spiking with acetate dose).
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The current (mA) readings (Figure 5) recorded maximum
of 0.421 and 0.390 mA in the granular carbon loaded
MDC, for 25 gl and 35 gl™' of NaCl respectively. In the
case of MDC without granular carbon, the maximum cur-
rent readings recorded were 0.256 and 0.235 mA respec-
tively.

The percentage desalination efficiency of the systems
studied (Figure 6) shows that the saline water in the middle
chamber was desalinated efficiently. The decrease in
conductivity in the middle chamber is directly proportional
to the percentage of Na and Cl removal. Sodium removal
was found better in the experimental MDC than control.
At 25 gl! of NaCl, Na" removal was higher in the experi-
mental cycle than control (83.3 £ 1.3% > 69.3 +2%).
Similarly for 35 glI”' of NaCl, the experimental MDC run
showed higher Na+ removal than control (78.5 £ 1.6% >
61.4 £ 1.2%). The chloride removal also followed a simi-
lar trend. Removal of chloride was observed to be
578+ 1.1% and 51 £1.5% in experimental MDC for
25 gl™" and 35 glI™' NaCl respectively. There is a signifi-
cant improvement in desalination when granular carbon is
used. Salt removal efficiencies of up to 90% have been
reported”’. However, much higher removal efficiencies are
required to produce drinking water.

The SEM image of the anode surface after 25 days of
biofilm growth (Figure 7), showed the formation of
biofilm on surface of the graphite rod (anode) which had
a scarce spread of exoelectrogenic bacteria. SEM studies
had reported the formation of biofilm on the anode sur-
face of bioelectrochemical systems fed with fermentable
substrates like glucose®®. Our study has micro-organisms
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Figure 5. Current graphs.
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that uses acetate as food and shows a uniform molecule
pili structure. Nanowires or pili may be the potential elec-
tron transfer pathways. However, this aspect needs to be
confirmed and demonstrated. Kokabian and Gude” have
also reported similar uniform structures of biofilm. Electron
(¢") transfer mechanisms in this system need to be investi-
gated to deepen the understanding of the anode respiring
bacteria. The uniform rod-like structures may even be dead
cellular debris instead of live bacteria. EDX was taken on
the dried section of anode biofilm to characterize the
elements present (Figure 7 b).

The presence of minerals such as Al, P, K, O, Na was
observed, which may be due to chemical scale formation
(especially P, Na and Ca).

Cost durability, life and performance of electrodes are
significant in the design of microbial fuel cell (MFC) sys-
tems. Various kinds of electrode materials have been
tried and developed in the past decade to improve MFC
performance. There is a need to develop materials that
possess better bacterial adhesion and perform electron
transfer. Electrode design is a great challenge today to
make the MFC a techno-economically scalable techno-
logy*®. Recently, a variety of electrode materials have
been extensively explored, viz. carbon paper, graphite
rods, graphite plates or sheets, and carbon cloth®’’.
Rabaey et al.’' reported the use of granular graphite as an
anode material in packed bed MFCs. Aelterman et al.*
compared graphite and carbon felt, and 2 and 5 mm gra-
phite granules, and found that the graphite felt electrode
yielded the highest maximum power output, amounting
to 386 W/m®. Coconut shell carbon used in this study has
a large surface area (BET surface area 509 m’g'). The
mesopore volume was found to be 0.05596 cm’g™' and
micropore volume was 0.040807 cm’g ', hence is
mesoporous. The open mesoporous structure of the coco-
nut shell carbon might help in electrolyte transport. It can
also support a strong electrode-biofilm interaction™.
Coconut shell is a waste material and widely available
biomass in India. Hence our study tries to explore the use
of coconut shell carbon as electrode material. Further re-
search is required in this area to understand the mecha-
nism and role of this carbon in MFCs.

Our study is novel for desalination of water and power
output in the presence and absence of activated carbon
from biomass. The performance of MDC is better in
terms of desalination and current production when the
anode chamber is loaded with carbon from coconut shell.
Further research in using different types of carbon from
biomass sources may lead to a higher performance and
techno-economically feasible designs for MFCs, that can
be practically applied for salt removal and electricity
generation.

Conflict of interest: The authors certify that there is
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A time-series forecasting-based
prediction model to estimate
groundwater levels in India

Debasish Sena* and Naresh Kumar Nagwani
National Institute of Technology, Raipur 492 010, India

India is one of the fast developing countries in the
world with a growth rate of 6.4%. Rapid industriali-
zation is the main cause behind such growth.
Although industrialization is of utmost importance for
growth, sustainability of ecology is also a matter of
concern. India has a vast coastline, but the saline
water is not suitable for industrialization; so ground-
water is the primary source for both industrialization
and human consumption. Agriculture plays a major
role in India’s economy and irrigation is also depend-
ent on groundwater to some extent. Hence the study of
groundwater levels is the need of the hour. In this
study, time-series techniques like fuzzy time-series
analysis and ARIMA are utilized for forecasting
monthly groundwater levels. Experiments are per-
formed on the datasets collected from different re-
gions of India. The experimental results demonstrate
that fuzzy time series analysis yields more accurate
forecast of groundwater levels compared to the ARIMA
model. The results of this study can be utilized for
planning a suitable policy for groundwater use and its
proper regulation to avoid future crisis.

Keywords: Fuzzy logic, groundwater level, prediction
models, time-series forecasting.

GROUNDWATER is a major resource in our country. In
fact, India tops the list of groundwater abstracting coun-
tries. Groundwater is essential for sustainability of
ecosystem; it provides stream water during drought con-
ditions. Considering the effects of climate change, land-
use change and global environmental changes like change
in the amount of precipitation, increase in temperature
and increase in demand of groundwater because of popu-
lation growth, it is important to assess them'. Water being
a dynamic resource, its storage undergoes continuous
change either by recharge from various sources or dis-
charge due to extraction or natural basin outflow. Hence
periodic monitoring of groundwater levels is imperative
for planning systematic development and management of
groundwater resources”.

Groundwater level prediction in India is of utmost im-
portance as our large population is heavily dependent on
groundwater for daily consumption. Also groundwater is
heavily used both for irrigation and industrialization in
India. Due to faulty irrigation system, a lot of ground-
water is wasted. Prediction of groundwater levels is the
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