Pretreatments Testing of High Biodiversity Inocula with Simultaneous
Biohydrogen Production and Wastewater Treatment
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Hydrogen represents a renewable energy resource and it is an ideal alternative to fossil fuels since it does
not contribute to the greenhouse effect. In the present study it has been proposed to develop an experimental
model to test and compare fermentative capacity of waste water with biohydrogen production for two high
biodiversity heterotrophic microbial inocula. All the pretreatment methods tested yielded good results, but
heat and acid pretreatment had the best results. These observations open the way for the development and
application of new technologies using microbial consortia specially developed to serve the dual role of
biological waste water treatment and the production of a renewable energy in the form of biohydrogen.
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A large number of microorganisms are metabolically
capable to converting different types of biomass into various
energy-rich substances that can be used by humans as
alternative sources of energy. The microorganisms can
converted biomass into bioethanol, biogas or biohydrogen
and produced more interest to industry in recent decades.

Hydrogen generates no pollutants, unlike ethanol for
example, whose large scale use is predicted to release
large amounts of carcinogenic acetaldehyde with the
generation of large amounts of smog. Hydrogen has the
highest energy of any known fuel and can be transported
for domestic/industrial consumption through conventional
means [1-3]. H, gas is representing a renewable energy
resource and it 1s an ideal alternative to fossil fuels since it
does not contribute to the greenhouse effect [4-6].
Hydrogen combustion produces only water being one of
the cleanest forms of energy.

H, production by biological method using bio-photolysis,
photofermentation and heterotrophic dark fermentation
processes or a combination of these processes.
Photofermentation process transform solar energy into
hydrogen by photosynthetic bacteria but this method has
a low utilization because is not efficient process and are
many difficulties in designing of photoreactors [7, 17].
Hydrogen production by dark fermentation process is
widely used because it treat organic wastes and produce
clean energy.

In natural environments rich in organic maters there are
many microbes capable of hydrogen production [9-10]. In
last years, it has been found that inoculum biodiversity
greatly influences hydrogen production and using mixed
microbial cultures as starting inocula are more efficient
than pure cultures. High biodiversity of inocula is important
because complex microbial communities can degrade a
larger range of substrates. However, in complex microbial
communities, there are also a number of microorganisms
that consume the hydrogen produced (methanogens) [17-
19]. For good vyields in hydrogen production process, the
microorganisms that consume the hydrogen must be
removed by different types of inocula pretreatment (acid,
heat, ultrasonication) [11].

In the present study it has been proposed to develop an
experimental model to test and compare fermentative
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capacity of waste water with biohydrogen production for
two high biodiversity heterotrophic microbial inocula.

Experimental part
Bioreactor design and operation

In order to develop a biohydrogen production model
following wastewater degradation, it is necessary to
overcome a major impediment to this process, namely
the very low biohydrogen production rate.

The rate of biohydrogen production is governed by a
range of physical, chemical and biological parameters such
as: the hydrogen producing and consuming bacteria
development, substrate used, inorganic nutrients, operating
conditions [7]. Thus, the microorganism’s inoculation and
the optimization of the operating parameters, especially
the nutritional and environmental ones, are a decisive
aspect for the proper functioning of the process.

Our experimental model was performed using two
parallel 15L bioreactors. Metabolic processes were
monitored by hydrogen and pH sensors and gas
chromatography (fig. 1.).

Fig. 1. Experimental model.
For better control of process parameters, synthetic

wastewater was used in the experimental model. Synthetic
wastewater composition was: (mg/L) glucose 3700,

K,HPO, 250, FeCl, 25, NH,Cl 500, MgCl, 6H,0 300, NiSO,
16, CoCl, 25, ZnCI, 115, CUCI, 10.5, CaCl, 5 and MnCl, 15.
The pH was adjusted to 6 using 1 N HCI.

For increase the contact surface area of the microbial
populations a porous ceramics support material was
introduced into the bioreactors. The temperature in the
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bioreactors was ensured by electrical metal rods that were
heated, the temperature being adjustable.

Seed inocula

In this experimental model were tested two microbial
inocula taken from two ecosystems rich in organic matter.
The sampling media of these microbial consortia are:
Inoculum 1: -Active sludge from the wastewater
denitrification stage of the Timisoara wastewater
treatment plant; Innocent 2: -Sludge taken from Danube
Delta, very rich in organic substances.

These ecosystems have a high biodiversity of
microorganisms, capable of degrading a wide range of
organic compounds.

Before inoculating the experimental energy conversion
model, these microbial consortia were subjected to the
pretreatment and cultivation processes on the DMI
enrichment liquid medium. These pretreatments consisted
of high heat (C), acid (A), ultrasonication (U) and a
combination of all these pretreatments (CAU). Also, for
each type of inoculum used, there were control
experiments where microbial inocula were not subjected
to pretreatment (M).

Results and discussions
Figures 2 and 3 show the results for hydrogen production
using the two inocula with different types of pretreatments.
A similar biohydrogen production rate is observed for
the two inocula used in synthetic waste water degradation
processes. In the case of Inoculum I, biochydrogen
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Fig. 2. Biohydrogen production after degradation of synthetic waste

water using Inoculum | (sludge treatment plant Timi®oara)
(M - control, A - pretreatment with acid, C - pretreatment with heat,
U - pretreatment by ultrasonication and CAU - use of all
pretreatments)
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Fig. 3. Biohydrogen production after degradation of synthetic waste
water using Inoculum Il (Danube Delta sludge) (M - control,
A - pretreatment with acid, C - pretreatment with heat,
U - pretreatment by ultrasonication and CAU - use of all
pretreatments)
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Fig. 4. Evolution of the glucose concentration (mg / L) from
synthetic waste water during the fermentation period, using the
Inoculum | (sludge treatment plant Timisoara) (M- control,

A- pretreatment with acid, C- heat pretreatment, U - pretreatment
by ultrasonication and CAU - use of all pretreatments)
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Fig. 5. Evolution of the glucose concentration (mg / L) from
synthetic waste water during the fermentation period, using the
Inoculum Il (Danube Delta sludge) (M- control, A- pretreatment

with acid, C- heat pretreatment, U - pretreatment by ultrasonication
and CAU - use of all pretreatments).

production is more gradual and stabilized and the control
(M), without pretreatment, keeps the hydrogen production
rate over time to some extent. However, a good stabilization
of the rate of biohydrogen production is observed at Day 9
for inoculum II. The best biohydrogen production was
recorded using acid and heat pre-treatment for both
inocula. The biohydrogen concentration in the biogas
produced was about 29%.

Throughout synthetic waste water anaerobic
fermentation, the average glucose concentration was
recorded using high performance liquid chromatography
(fig. 4, fig. 5.).

The initial glucose concentration in synthetic waste
water was 3 g / L. This was the main source of energy for
the microorganisms involved in the biohydrogen producing
process. Acid and heat pretreatment where recorded a
higher consumption of glucose and with a high biohydrogen
production. As expected, the glucose consumption
(organic substrate) is directly correlated with biohydrogen
production rate (fig. 6). Thus, there are microbial
communities capable of rapid and complete degradation
of the organic substrate with simultaneous biohydrogen
production.
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Fig. 6. Biohydrogen production rate in parallel with glucose
degradation: A. Inoculum Il (Danube Delta sludge); B. Inoculum |
(sludge treatment plant Timisoara)

Conclusions

Following the fermentation tests in the experimental
model consisting of two parallel 15 L bioreactors, both
microbial inocula had a good rate of biohydrogen
production. In both cases, production gradually increased
in the first nine days, after which it stabilized relatively well.
All the pretreatment methods tested yielded good results,
but heat and acid pretreatment had the best results. These
observations open the way for the development and
application of new technologies using microbial consortia
specially developed to serve the dual role of biological
waste water treatment and the production of a renewable
energy in the form of biohydrogen.

Acknowledgements: This work was supported by grant of the
Romanian Ministry of Education, CNCS - UEFISCDI: Project number:
PN-II-PT-PCCA-2011-3.1-1129

References

1.HALLENBECK PC., Fundamentals of Biohydrogen. Biohydrogen,
2013, p. 25.

2.ARGUN H., KARGI F., Bio-hydrogen production by different
operational modes of dark and photo-fermentation: an overview,
International Journal of Hydrogen Energy, 36(13), 2011, p. 7443-7459.
3.JESSEN H., SCHILL S.R., Bringing up the throttle on cellulosic ethanol,
Ethanol Producer Magazine, April Issue, 2016.

808 http://www.revistadechimie.ro

4.REN N., WANG A., CAO G., XUN J., GAO L., Bioconversion of
lignocellulosic biomass to hydrogen: Potential and challenges,
Biotechnology Advances, 27 (6), 2009, p. 1051-1060.

5.CHEN R., WANG Y-Z., LIAO Q., ZHU X., XU T-F, Hydrolysates of
lignocellulosic materials for biohydrogen production, BMB Reports,
46 (5), 2013, p. 244-251.

6.REGINATTO V., REGINATTO V.A., Fermentative hydrogen production
from agroindustrial lignocellulosic substrates, Braz. J. Microbiol., 46
(2), 2015, p. 323-335.

7.WANG J., WAN W.,, Factors influencing fermentative hydrogen
production: A review, Int. J. Hydrogen Energy, 34, 2009, p. 799-811.
8.CHAUBEY R., SAHU S., JAMES 0.0., A review on development of
industrial processes and emerging techniques for production of
hydrogen from renewable and sustainable sources, Renew Sust.
Energ. Rev,, 23, 2013, p. 443-462.

9.DAS D., VEZIROGLU T. N., Advances in biological hydrogen
production processes, International Journal of Hydrogen Energy,
33(21), 2008, p. 6046-6057.

10.DAS D., VEZIROGLU T. N., Hydrogen production by biological
processes: a survey of literature, International Journal of Hydrogen
Energy, 26(1), 2001, p.13-28.

11.BOBOESCU |.Z., GHERMAN V.D., MIREL |, PAP B, TENGOLICS R,
RAKHELY G, KOVACS K.L., KONDOROSI E, MAROTI G, Simultaneous
biohydrogen production and wastewater treatment based on the
selective enrichment of the fermentation ecosystem, Int. J. Hydrog.
Energy, 39, 2014, p.1502-1510.

12.LI C., FANG H., Fermentative hydrogen production from wastewater
and solid wastes by mixed cultures, Crit. Rev. Environ. Sci. Technol.,
37,2007, p. 1-39.

13.TRUUS DE V., BAKKER R. R., BUDDE M. A. W,, LAI M. H., MARS A.E.,
CLAASSEN A.M., Efficient hydrogen production from the lignocellulosic
energy crop Miscanthus by extreme thermophilic bacteria
Caldicellulosiruptorsaccharolyticus and Thermotoganeapolitana,
Biotechnology for Biofuels, 2:12, 2009, p. 1-15.

14.CUNHA EM., VASCONCELLOS V.M., FLORENCIO A.C., FARINAS C.S.,
On-site production of enzymatic cocktails using a non-conventional
fermentation method with agro-industrial residues as renewable
feedstocks. Waste and Biomass Valorization, 2016, doi: 10.1007/s12649-
016-9609-y.

15.SOHAIL M., SIDDIQI R., AHMAD A., SHAKEEL A K., Cellulase
production from Aspergillus niger MS82: effect of temperature and
pH, New Biotechnology, 2009, 25 (6), p. 437-441.

16.GHOSE T.K. - International union of pure and applied chemistry —
Applied chemistry division - Commission on biotechnology,
Measurement of cellulase activities, in Pure and Applied Chem.,
59(2), 1987, p. 257-268.

17 ESTERBAUER H., STEINER W., LABUDOVA I|., HERMANN A., HAYN
M.Production of Trichodermacellulase in laboratory and pilot scale,
Bioresource Technology, 36(1), 1991, p. 51-65.

18.KUPPAM C., YONG-J. L., DONG-WOO L, Biohydrogen Production:
Strategies to Improve Process Efficiency through Microbial Routes,
International Journal of Molecular Sciences, 16(4), 2015, 8266-8293.
19.YANAN Y., JANLONG W.,, Changes in microbial community during
biohydrogen production using gamma irradiated sludge as inoculum,
Bioresource Technology, 200, 2016, p. 217-222

Manuscript received: 8.12.2017

REV.CHIM.(Bucharest)¢ 69¢ No.4 ¢ 2018



