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Evaluation of Substrate and pH Profiles in Anaerobic Granular
Sludge by Microelectrodes and Mathematical Model

X # & RE X BRE B F OB
Akiyoshi OHASHI*, Makoto WATANABE**, Hideki HARADA*

ABSTRACT : The following two novel devices, pH microelectrode and glucose-enzyme microelectrode
were originally fabricated in this study, to clarify pH and substrate in situ profiles within anaerobically
grown microbial-aggregates. The glucose microsensor consists of double glass-tips in order to eliminate
an effect of pH, and has a measurement range of 0-500 mg/L.. The inner glass-tip of 10 pm diameter was
coated with glucose oxidase and covered with the outer glass-tip of 30um diameter. The pH microsensor
has a 10 um diameter of glass-tip which was filled with ion selective membrane liquid, and covers the pH
range of 4-10.

Both microelectrodes were applied to anaerobic granular sludge having a diameter of approximately 2 mm
harvested from an UASB (upflow anaerobic sludge blanket) reactor treating an artificial wastewater. It
proved that the pH profile in the granule tended to firstly decrease toward granule depth, and then to
increase after attaining a minimum point at which the glucose concentration decreased to around zero.
With higher glucose concentration in the bulk liquid, pH gradient within granules became steeper and the
minimum pH value dropped more significantly.

A simple mathematical model consisting of diffusion and consumption of substrate was developed to
estimate substrate profiles within granule. The model could simulate well the pH and glucose profiles
measured by the microelectrodes. The results of measurements and simulations suggests that acetogenic
bacteria should dominate near the granule surface, on the other hand methanogenic bacteria should be
dominate inside of the granule.

KEYWORDS : Anaerobic treatment, glucose sensor, granular sludge, microelectrode, pH sensor, UASB
reactor
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Tablel Bulk liquid conditions for microelectrodes
measurements.

. Conc. [PO4 buffer| Inhibitor
Substrate | pH | (Lo | “(mM) | CHCI3(mg/1)
0
50
7.0 100 0 0
200
500
8.5
Glucose | 6.5 | 200 0 0
5.5
5
10 0
7.0 200 25
0 10
50
100
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500
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6.5 A rfy—
feRe s - 8.5 e g
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Fig.6 Influence of bulk pH on glucose and pH
microprofiles within granule.
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Fig.8 Influence of chloroform on glucose and pH
microprofiles within granule.
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Fig.5 Influence of glucose concentration on glucose
and pH microprofiles within granule.
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Fig.7 Influence of buffer strength on glucose and
pH microprofiles within granule.
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Fig. 10 Changes in (a) glucose consumption and (b) methane production by using acetate
on the activity tests at pH7.5 for estimation of kinetics parameters.
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Table 2 Parameters used for the simulation of substrate profiles in the granule.

Parameter Magnitude Dimension Reference

Conversion rate

Vmax, glucose Depending on pH This study, Fig.11(a)
Vmax, acetate Depending on pH This study, Fig.11(b)
Ks, glucose 0.175 mM This study
Ks, acetate 0.109 mM This study
Diffusion coefficient
In Water
glucose 0.382 cm?/day 5)
acetate 1.04 cm?/day 5)
CO2 0.976 cm?/day 5)
In Granule 80% of Water 10)
Laminer Thickness 0.3 mm This study
Granule Diameter 2.4 mm This study
Granule Density 40 mgVSS/cm3 This study
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Concentration (miM)

(a) glucose 500 mg/l, pH 7.0, POs buffer 0 mM

Concentration (mM)

(¢) glucose 200 mg/l, pH 5.5, PO4 buffer 0 mM

Concentration (mM)

(e) glucose 200 mg/l, buffer 0 mM, chloroform 10mg/l
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(d) glucose 200 mg/l, pH 7.0, POa buffer 25 mM
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(f) acetate 300 mg/l, pH 7.0, PO« buffer 0 mM

Fig.12 Measurements and simulations of microprofiles within UASB granules under the six
different sets of conditions.
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