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Effects of pH on Continuous Hydrogen Fermentation

Young Joon Lee!

Water Quality Research Department, National Institute of Environmental Research
(Received March 26, 2004; Accepted June 22, 2004)

ALHISABOIN A0 ChEt pH B

ol g &
SRPAATFY $ALTR

ABSTRACT

The influences of pH on hydrogen production were also investigated over the pH range from 4.1 to 8.0 at HRT
10 hours. The hydrogen content for the produced gas was changed from 41 to 71% with corresponding pHs
throughout this experiment. The produced hydrogen/carbon dioxide ratio was not vary significantly up to 6.0, then
steepenly increased with increases in the pH. The maximal hydrogen yield was found to be 3.16 I/g sucrose at pH
5.0. Acetate production yield increased with increased pH, but butyrate production yield decreased with increased

pH. Biomass yield increased with increased pH.
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I. Introduction

Hydrogen is a carbonfree fuel which oxidizes to
water as combustion product. And so hydrogen is
considered as one of the candidates to reduce
global pollution such as green house effect. Four
basic processes are available for the production of
hydrogen gas from nonfossil primary energy sources:
water electrolysis, thermochemical, radiolytic and
biological processes.” Electrolytic hydrogen is
presently produced competitively for industrial
use, but only in areas where cheap electricity is
readily available.? Therefore, biological hydrogen
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production from renewable biomass and waste
water represent an important development in the
area of bioenergy production. Practically, some
hydrogen producing bacteria are able to grow on
cheap plant substances containing carbohydrates.
Clostridium perfringens strain C was proposed for
the production of hydrogen from carbohydrates.”
Recently some investigators have been using natu-
ral anaerobic microorganisms, taken from sludge
compost, to generate hydrogen from sugary waste-
water in a chemostat culture.”

On the other hand, an interesting feature that the
saccharolytic hydrogen producing bacteria share
with many other fermentative organisms is the
ability to form a number of products (ethanol,
acetoin, butanol, propanol, acetic and butyric
acids, and gaseous hydrogen and carbon dioxide),
depending on the microorganisms and environ-
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mental conditions used. The variety of chemicals
such as hydrogen, acids and neutral solvents,
produced in clostridial fermentations is one of the
factors that has brought them to prominence as
bacteria with biotechnological potential. However,
what controls the switch to hydrogen production
has not been determined in detail because the
regulation of hydrogen/solvent production is complex
and dependent on more than one factor.*”

The purpose of this study is to determine the
optimum pH value on hydrogen production and to
determine the VFAs and solvents distribution in
hydrogen fermentation using sucrose as a model
of substrate.

II. Materials and Methods

1. Microorganism and media

The organism, which was isolated from soybean-
meal obtained from a silo which exploded owing to
the accumulation of biological produced hydrogen,
was used for batch experiments. This microorganism
was cultivated at a temperature of 37 + 1°C, pH
5.0 and HRT of 10 hours by being fed with 20 g/l
sucrose. In this condition, hydrogen content in
biogas and volatile suspended solids (VSS) in
effluent was 35-40%, 1.3 g/l respectively. Methane
was not found in biogas. The culture medium
contained the following components per liter of
distilled water: NH;HCO;, 2 g; KH,PO,,1 g; MgSO,
- H,0, 100 mg; NaCl, 10 mg; Na,MoO, - H,0, 10
mg; CaCl, - H,0, 10 mg; MnSO, - H;0, 15 mg;
sucrose, 10 g.

2. Experimental system and procedure

A schematic diagram of the experimental set up
for the hydrogen fermentation of sucrose is shown
in Fig. 1. The reactor was a 15-cm internal diameter,
23-cm-long plexiglass tube with a working volume
of 3.0 liters. The temperature was controlled at
37 £ 1°C using an air-bath incubator. A complete-mix
condition was achieved by a powerful magnetic
mixer at an agitation speed of approximately 300
revolutions/min (rpm) for minimizing attachment
of microorganisms on the fermentor vessel compo-
nents. The pH was controlled by a pH controller.
Both potassium hydroxide (5N KOH) and hydro-
chiloric acid (2N HCl) were combined with influent
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Fig. 1. A schematic view of the chemostat reactor system.

flow before entering the reactor to adjust its pH
value. The former were provided by micro tube
pumps and the latter was passed through a ceramic
pump to adjust the hydraulic retention time (HRT)
of the reactor. The amount of biogas produced was
recorded daily vsing a wet gas meter. A biogas
sampling port was installed between the meter and
the reactor to allow direct biogas sampling with a
syringe. In the experiment on the influence of pH,
the feed substrate concentration was also maintained
at HRT 10 and 10 g/! sucrose throughout, and was
investigated at different pHs (4.1, 4.5, 5.0, 6.0, 6.5,
7.0 and 8.0).

3. Analytical methods

Gas samples were taken from the fermenter
using a pressure-lock gas tight syringe. The sample
was analyzed for its hydrogen content in a Shimadzu
8A gas chromatograph equipped with a thermal
conductivity detector (TCD). The separation was
effected in column packed with Porapak Q 50/80
mesh (GL Sciences). Nitrogen was used as the
carrier gas at a flow rate of 30 m//min. The column,
injection port, and detector block were maintained
at 100, 70 and 100°C, respectively. The detector
current was set to 80 mA. Methane and carbon
dioxide were determined by gas chromatography
(Shimadzu 8A), using TCD detector and column
packed with Porapak T (50/80 mesh). The opera-
tional temperatures of the injection port, the oven
and the detector block were the same as those for
the hydrogen analysis. The concentrations of the
major acids produced by the fermentation were
determined using FID detector and column packed
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with Unisole F-200 (30/60 mesh) (GL. Sciences).
The operational temperatures for the injection port,
the oven and the FID were 170, 145 and 170°C,
respectively. The components were eluted from the
column in the following order: acetic acid, propionic
acid, i-butyric acid, butyric acid, i-valeric acid and
valeric acid. The solvents, including ethanol,
propanol and butanol, were analyzed using FID
detector and column packed with Gaskuropack 54
{60/80 mesh). The operational temperatures for the
injection port, the oven and the FID were 200, 185
and 200°C, respectively. Helium was used as the
carrier gas for the determinations of VFAs and
solvents at a flow rate of 30 m//min. Calibrations
based on peak height were made using a standard
solution containing all the components listed above.
Samples and standards were injected into the
column using a Hamilton model 701 Microliter
syringe. The pH of samples were determined by a
TOA pH meter. The concentrations of volatile
suspended solids (VSS) were determined by the
procedures described in Standard Methods.”
Carbohydrate analysis was determined by the phenol-
sulfate method,” and was measured spectropho-
tometrically at 490 nm (Hitachi, model 100-20).
Glucose concentration in the samples was then
determined by comparing the optical density read-
ing with the standard glucose solutions’ calibration
curves.

1. Results and Discussion

The gas phase consisted of hydrogen and carbon
dioxide; no methane could be detected. The solute
products consisted of VFA (acetic acid, propionic
acid and butyric acid) and solvent (ethanol, propanol
and butanol) depending on the pH values. The
following pH values were studied: 4.1, 4.5, 5.0,
6.0, 65, 7.0 and 8.0. All these values were
imposed at dilution rates of 0.1 1/h.

1. Hydrogen

The hydrogen production of this fermentor under
steady state condition are shown in Fig. 2. The
hydrogen content for the produced gas was changed
from 41 to 71% with corresponding pHs throughout
this experiment. The produced hydrogen/carbon
dioxide ratio was not vary significantly up to 6.0,
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Fig. 2. Influence of the pH values on hydrogen production. (a)
hydrogen contents and H,/CO, ratio for the produced
biogas; (b) hydrogen production yield.

then steepenly increased with increases in the pH
(Fig. 2a). However, the hydrogen production yield
increased up to pH 5.0, then decreased with
increases in the pH. The maximal hydrogen yield
was found to be 3.16 Il/g sucrose at pH 5.0 (Fig.
2b). At a pH level of 4.1, 88% of the influent
substrate was utilized as opposed to its almost
total utilization at the higher pH levels. This find-
ing is consistent with the well-known influence of
pH on most microbial activities.

2. Volatile fatty acids, solvents and biomass

Fig. 3 shows the VFAs and solvents produced at
different pH values. The solute products consisted
of VFAs (acetate, propionate and valerate) and
solvents (ethanol, propanol and butanol). According
to Crabbenendam,” these products can be con-
sidered normal products of carbohydrate fermen-
tation. For the pH range considered in this study
acetate and butyrate were the main products. In all
experiments, isobutyrate and valerate amounts were
defected, if at all, in trace amounts. The relative
amounts of the two major products were found to
be strongly dependent on pH. As shown in Fig.
3(a), butyrate predominated below a pH value of
6.0 and acetate predominated above a pH value of
6.5, the region between 6.0 and 6.5 being the
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Fig. 3. Influence of the pH values on metabolite production
yield in hydrogen. (a) volatile fatty acids; (b) solvents;
(c) biomass.

transition range. Zoetemeyer et al.'” reported the
transition range was 6.4-7.6 for glucose acido-
genesis. Kisaalita er al.'" reported the transition
range was 5.0-5.5 for lactose acidogenesis. The
reason for the change in major products is not
known at present. However, it can be speculated
that it is due to either a change in the metabolism
of the population or a change in the composition
of the population or a combination of both these
changes. Based on the product concentrations, it
would be expected that a butyric acid bacteria
predominated over the pH range considered since
their normal products are butyrate and acetate.”
Pure cultures of strict anaerobic bacteria isolated
from primary sewage sludge that produced hydrogen
also produced butyric acid, those that did not
produce hydrogen did not produce butyric acid.”
The ethanol production yield changed to the
corresponding pH values but the butanol and
propanol were relatively stable over a range of pH
(Fig. 3b). Fig. 3(c) shows biomass yield as functions
of pH. Generally, low microbial biomass yield at
low pH is due to lower adenosine triphosphate
(ATP) production per mole of substrate utilized."”
It has also been pointed out that microorganisms
display an optimum pH for growth around a pH of
7.0, with the majority favoring the pH range of
5.0-8.0."

IV. Conclusions

The principle conclusions can be drawn from the
results are as follows:

(1) The hydrogen content for the produced gas
was changed from 41 to 71% with corresponding
pHs throughout this experiment. The produced
hydrogen/carbon dioxide ratio was not vary signif-
icantly up to 6.0, then steepenly increased with
increases in the pH. However, the hydrogen pro-
duction yield increased up to pH 5.0, then decreased
with increases in the pH. The maximal hydrogen
yield was found to be 3.16 I/g sucrose at pH 5.0.

(2) Acetate production increased with increased
pH, but butyrate production decreased with increased
pH. The ethanol production yield changed to the
corresponding pH values but the butanol and
propanol were relatively stable over a range of
pH. Biomass yield increased with increases in the
pH.
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