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Abstract

The inhibitory effect of sodium ion on the anaerobic degradation of organic solid waste was
studied by an anaerobic batch toxicity assay and inhibition model. The anaerobic degradation
activity of food waste spiked with over 2g Na'/L of sodium ion was severely inhibited at the
initial stage of the exposure. The inhibition response of anaerobic microorganisms on the sodium
jon estimated from the methane production was differed according to the concentration of sodium
ion. The relative acclimation time(RAT) and methanation rate(RMR), defined as the ratios of
initial lag time and maximum methane production rate of the sample spiked with sodium ion
to the control, respectively, were used to evaluate the acclimation and inhibitory effects quan-
titatively on the anaerobic microorganisms. When sodium ion was increased from 2g Na'/L to
20g Na‘/L, the RAT was exponentially increased from 18.9 to 90, but the RMR was linearly
decreased from 0.97 to 0.02. The effects of sodium ion for the maximum methanation rate, first
order kinetic constant and ultimate methane production were well evaluated by a generalized
nonlinear expression model, it could be described by the uncompetitive inhibition model. The
sodium ion concentration causing 50% inhibition of methanation activity was about 11g Na*/L,
and the critical sodium ion beyond to compelete inhibition was 20 to 21g Na*/L. The presented
results could be used to obtain the design or operation parameters of the anaerobic process
treating food waste of high salt.

1. Introduction

Over 8 million tons of food wastes are pro-
duced in Korea annually, that amounts to
around 60% of total organic fraction in munici-
pal solid wastes(MOE, 1993). The wastes cause
the various sanitary problems such as odor and
pathogens as it is mainly composed of putresci-
ble matters including grain, vegetable, and
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meat(Shin, et al., 1992). Anaerobic digestion is
considered as a viable and economical alterna-
tive for food waste treatment, as it has low
calorific value and high moisture content for
incineration(Shin, et al., 1992 and 1995a).
However, the food wastes contain the high con-
centration of sodium ion ranged from 2 to 3 g
Na*/L according to collection methods. The dry
digestion process, which can minimize the sup-



Young - Chae Song, In - Sco Kim

ply of additional dilution water, is commonly
used for this type wastes, resulting in the accu-
mulation of sodium ion.

Numerous studies have been done to investi-
gate the effects of elevated concentration of sodi-
um ion on anaerobic digestion(McCarty & Mck-
inney, 1961 ; De Baere, et al., 1984 ; Rinzema et
al., 1988). They reported that the methanoge-
nic activity was decreased by 50% at 6,000 -
8,700mg Na*/L, while the low concentration of
sodium ion was an essential to growth of
anaerobic microorganisms(De Baere, et al.,
1984 ; Rinzema, et al., 1988 ; Field, et al.,
1991). The food wastes are composed of various
complex organics of high molecular as well as
other inhibitory cations such as alkaline or
alkali metals(Shin, et al., 1995b). The existence
of various substances makes it difficult to pre-
dict the effect of sodium ion on the anaerobic
digestion.

In this study, the inhibitory characteristics of
sodium ion on the anaerobic degradation of
food waste were investigated using anaerobic
toxicity assay, and the effect on the kinetic
parameters including the ultimate methane
production, the first order kinetic constant and
the maximum methane production rate were
also estimated by a generalized non — linear
inhibition model. The findings can be used as
the basic data for the design and the operation
of methane fermentation processes treating
food wastes.

2. Materials and Methods

2.1 Characteristics of Substrate

The major components of food wastes includ-
ing grain, vegetable, and meat were obtained
from a restaurant. They were then freeze —
dried, crushed to less than 2mm, and stored at
0 C. For the experiment, the food waste compo-

nents were assembled according to the general
composition of food wastes(grain : vegetable :
meat=0.39 : 0.21 : 0.4, on dry basis). The
ratios of VS/T'S and COD/VS were 0.88 and 1.2.

2.2 Anaerobic Toxicity Assays

The sodium ion toxicity on the anaerobic
degradation of food wastes was evaluated in 600
mL bottle reactors sealed with silicon stoppers
kept in place with screw caps. Into the reactor,
substrate, anaerobic medium, and inoculum
were added according to the procedure of an-
aerobic biodegradability test described in previ-
ous study(Shin et al., 1995b, ¢). The initial con-
centration of substrate was around 2,000mg
VS/L. Anaerobic medium was made of phos-
phate buffer, mineral salts and trace metals
according to Shelton and Tiedje(1984). The
inoculum obtained from a mesophilic sewage
sludge digester was added to the reactor by
about 25% of the effective volume(300mL). Six
different sodium chloride concentrations in the
range of 0 to 20g Na*/L were added to each
reactor. The initial pH was adjusted to 7.2 - 7.5
with concentrated HCI or NaOH, and the reac-
tor was flushed with nitrogen gas for 10min
before capping. The reactors were incubated at
35T in a shaded rotary shaker with speed of
80rpm. The reactor added with only inoculum
was also operated as a blank at the same condi-
tion.

2.3 Analysis

Gas was intermittently sampled by introduc-
ing the needle of a glass syringe to a silicon
stopper. Methane content of the biogas was
analyzed using a gas chromatography(Gow —
Mac, series 580) equipped with a thermal con-
ductivity detector. The net production was
obtained by subtracting the methane produced
in inoculum control from that in the study reac-
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tor, and by adjusting converted to standard
temperature and pressure(Shin, et al., 1994,
1995¢). Methane productions from the wastes
based on one gram of initial volatile solid were
calculated in each reactor. At scheduled times,
the pH of reactor was monitored, and the
homogenized content of reactor was sampled.
The VSS of the collected samples were deter-
mined according to Standard Methods(1985).
The volatile fatty acids(VFA) having C2 - Cs
were then analyzed by the gas chromatogra-
phy(model HP 5890) equipped with a flame ion-
ization detector. The separation was achieved
by a capillary column(HP - FFAP : 30m x 0.53
mm X 1.0um) using 30 mL per min nitrogen as
a carrier gas. The operating temperatures of
the column, injector and detector were 100,
200 and 2207, respectively.

2.4 Calculations

The anaerobic degradation course of organic
wastes can be divided into two periods as fol-
lows(Llabres ~ Luengo and Mata - Alvarez,
1987). The first period is the time(td) to reach
the maximum methane production, assuming
microbial growth as a limiting factor. It is con-
sidered as an acclimatization time required to
overcome the adverse environmental conditions
caused by toxicants, etc. The second period is
the time after td, which governed by the avail-
ability of limited substrate. Therefore, the
anaerobic degradation process of food wastes in
the second period was expressed by a first
order kinetic model shifted by the acclimatiza-
tion time(td) as follows :

B=DBo(1 e+ (1)

where B is the cumulative methane produc-
tion(LL. CH4/g VS), Bo the ultimate methane
yield(LL CH4/g VS), k the kinetic constant(d '),
and td is the initial lag time(day). These kinetic

parameters were estimated by using a finite
difference, non - linear technique to fit eqn(1)
to the experimental data for cumulative meth-
ane productions.

In order to evaluate the inhibitory effect of
sodium ion, the relative acclimation time(RAT)
and the relative methanation rate(RMR) were
defined as the ratios of the initial lag time and
the maximum methane production rate of the
sample spiked with sodium ion to those of the
control as followings.

LT

RAT=pr

(2)

where LT and LYs are the initial lag time(day)
of the control and the sodium spiked sample.

MR
@ " MR

(3)

where MRc and MRs are the maximum
methane production rate of the control and the
sodium spiked sample(L CH4/g VS/d).

2.5 Kinetic Models for Sodium Inhibition

The inhibitory effect of sodium ion on anaero-
bic degradation can be expressed to its effect on
the kinetic parameters as using a generalized
non - linear inhibition model(Han & Leven-
spiel, 1988 ; Kim et al., 1994) :

NI= [ 1- Ii*]m @)

where I and I* are the sodium ion concentra-
tion of the sample and inhibition coefficient
(g/L), respectively. The coefficients(n, m, and p)
are the constants used to describe the exponen-
tial inhibitory effect of sodium ion on the kinet-
ic parameters, correspond to the maximum
methane production rate, the kinetic constant,
and the ultimate methane production, respec-
tively. The values of the kinetic parameters,
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which were obtained with the sodium ion con-
centrations, were used to estimate the coeffi-
cients(I*, n, m, and p) by adapting non linear
curve fitting technique.

8. Results and Discussion

3.1 Inhibition Response to Sodium Ion

Effect on the Methane Production : In the
control without any spike of sodium ion, the
cumulative methane production was exponen-
tially increased in 12 hrs, and more than 90%
of the ultimate methane production was pro-
duced within 10 days(Fig. 1). The pH of reactor
monitored during the operation time showed a
tendency to increase within the range of 7.2 to
7.5 as shown in Fig. 2. These indicate that the
anaerobic toxicity assays were performed in a
conditions, minimizing the reaction constraints
caused by the microorganisms and the environ-
ments. Therefore, the effect of sodium ion on
the anaerobic degradation of food wastes can be
preferentially evaluated in the anaerobic toxici-

ty assay.

The cumulative methane productions obtain-
ed under different concentrations of sodium ion
showed the shape of an exponential function
having initial lag period(Fig. 1). The inhibitory
effect of sodium ion for the cumulative meth-
ane production increased with the increase of
the concentration of sodium ion. However, as
the sodium ion was increased from 2 to 10g
Na*/L, the ultimate methane production was
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Fig. 1. Effect of sodium ion for cumulative meth-
ane production of food wastes.
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Fig. 2. pH profile for anaerobic degradation of food wastes with sodium ion.
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not only reduced, but also lagged with the con-
centration of sodium ion. About 50% inhibition
of ultimate methane production occurred at
about 10g Na'/L, that agreed with the previous
study(Rinzema et al., 1988). At over 10g Na*/L,
the methane production in the beginning of
operation was lower than that of the blank giv-
ing negative values, indicating severe inhibi-
tion on the unacclimated anaerobic microor-
ganisms by the increased sodium ion(Battersby
& Wilson, 1989).

This inhibition of the initial stage was gradu-
ally overcome with the operation time, due
probably to the acclimation of anaerobic micr-
oorganisms to the inhibiting substance. Alth-
ough the time required to overcome the initial
stage inhibition was more extended at over 15g
Na'/L, the methane production was observed
from the reactor with 20g Na*/L. This fact
mean that the activity of some methanogenic
species can be maintained at the elevated sodi-
um ion of 20g Na™/L.

In previous studies, it was reported that the
various species of substrate — specific anaerobic
microorganisms have the different sensitivity
to the inhibitory substance (Barnes & Fitzger-
ald, 1987 ; Hickey, et al., 1989 ; Lin, 1992 ;
Kim, et al, 1994), and the sensitivity can be
varied once adapted(Parkin, et al., 1983 ; De
Baere, et al., 1984). Therefore, it is considered
that the apparent acclimation and the inhibito-
ry characteristics estimated by the cumulative
methane production originate from the com-
bined results of the effect of the anaerobic

species to the sodium ion.

3.2 Inhibition response of Anaerobic
Microorganisms

In order to predict the behavior of anaerobic
degradation of food wastes under various con-

centration of sodium ion, the initial response

pattern, acclimation, and inhibitory effects on
the microorganisms were investigated by evalu-
ating the production and the degradation of VFA
and the waste hydrolysis in the batch reactors.
Initial response for the exposure . Fig. 3(A)
shows the behavior of individual VFA in the
batch reactors at the beginning stage of the
operation. The total VFA of 13.7mM in the con-

(B) 6.15day

VFA concentration (mM)

Control 2 ¢ 10 15 20
Sodium concenration(g/L)

Fig. 3. Changes of VFA in the batch reactor dosed
with sodium ion.
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trol composed of 43.5% of acetic acid(HAc), 23.7
% of propionic acid(HPr), 32.2% of butyric acid
(HBu) and less than 0.5% of the long chain fat-
ty acids(LCFA) including valeric acid(HVa), cap-
roic acid(HCa), which were mainly originated
from the degradation of proteins or fats (Hanaki
& Nagase, 1981 ; Elefsiniotis & Oldham, 1994).
It implied that the degradation of meat compo-
nent by an unacclimated microorganisms can be
retarded in the initial stage of anaerobic degra-
dation. However, when anaerobic microorgan-
ism was exposed to 2g Na'/L, total VFA was
only 3.3mM, indicating the inhibition of sodium
ion on unacclimated anaerobic microorganisms.
Of course, this inhibitory effect increased with
the increase of sodium ion up to 20g Na*/L. It
was reported that the anaerobic microorganisms
suddenly exposed to the sodium ion suffered a
considerable environmental stress(Gaudy and
Gaudy, 1980). Possibly, the inhibitory effect at
the initial stage can be explained that the osmo-
tic shock caused the shift in the metabolic pro-
cesses such as the normal growth pattern of an-
aerobic microorganisms and the degradation of
organic materials.

Adaption to Sodium Ion : Fig. 3(B) is the VFA
behavior in the batch reactors after 6.15 day
operation, and shows the course of acclimation
of anaerobic microorganisms to the sodium ion.
The total VFA of the control was 43.5mM much
higher than the initial stage. The major prod-
ucts of acidification were HAc 29%, HPr 24%,
and HBu 16.3%, and HVa and HCa were also
increased to 15.7% and 14.2%, respectively.
However, as sodium ion increased from 2 to 10g
Na'/L, total VFA also increased from 26.5mM
to 29.6mM. On the other hand, the removal of
VSS decreased with sodium ion as shown in
Fig. 4, the molar percentage of HAc increased
from 21.7% to 24%. This result can be expla-
ined by the fact that the acclimation of aceto-

clastic methanogens degrading HAc to meth-
ane was relatively retarded, while the HAc was
consecutively produced from(Boxidation of
LCFA of even number of carbon atoms such as
HCa(Rinzema, et al., 1994). The molar percent-
ages of HPr and HVa in this range of the sodi-
um ion maintained at 21% and 17%, respective-
ly, suggesting that the species degrading the
VFA with odd numbered carbon were also slowly
acclimated. At 15g Na™/L, total VFA increased to
34.9mM, and the molar percentage of HAc was
also high as 32.3%. However, the degradation
efficiency of VSS was lower than 10%(Fig. 4),
implying that acclimation of the hydrolytic
microorganisms and acetoclastic methanogens
were relatively retarded. At 20g Na*/L, the
total VFA was only 23.3mM, and the degrada-
tion efficiency of VSS was also quite low. It
means that the hydrolysis step producing the
monomers such as amino acid, sugar, and
LCFA was retarded. The acclimation of anaero-
bic microorganisms for the inhibitory substance
showed in the above results might be resulted
from the adaptation of metabolic pathways to
degradation of substrate under toxic conditions
and/or colonization of inhibition - tolerant
organisms(Parker, et al., 1992).

Inhibition to Sodium Ion : On the 18.8th day,
the anaerobic microorganisms in the reactors
except one with 20g Na'/L should be adapted
to the sodium ion considering the decrease of
methane production rate(Fig. 1). Therefore, the
inhibitory effect of sodium ion on the acclimat-
ed species can be evaluated from the VFA dis-
tribution at that time as shown in Fig. 3(C). In
the control, the anaerobic degradation of food
wastes was over 95% as shown in Fig. 1, while
total VFA was less than 1mM. As the concen-
tration of sodium ion increased from 2g Na'/L
to 15g Na'/L, total VFA decreased from 32.2
mM to 22.0mM. The molar percentages of HVa
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and HCa increased from 24.0% and 15.7% to
30.9% and 21.1%, respectively, while the HPr
and HBu maintained around 19.0% and 12.0%.
On the other hand, HAc decreased from 25.1%
to 18.9%. The results implied that acetoclastic
methanogens acclimated to the sodium ion rang-
ing from 2 to 15g Na'/L, but LCFA degrading
bacteria were more inhibited with sodium ion.

It was reported that methanogens had larger
acclimating capacity to toxicants(Parkin, et al;,
1983 ; De Baere, et al., 1984), and that some
methanogens found in marine or brackish sedi-
ments were active at high sodium concentra-
tion of around 14g Na'/L(Capone, et al., 1983).
Hanaki(1981) reported that the accumulated
LCFA can affect the obligate hydrogen produc-
ing acetogens, which were responsible for the
B- oxidation of LCFA, as well as the activity of
hydrogenotrophic and acetoclastic methanogenic
bacteria. However, the high level of sodium ion
did not alter the microbial populations(De
Baere, et al., 1984). At 20g Na*/L, the methane
production rate increased on the 18.78th day,
indicating that the acclimation of anaerobic mic-
roorganism was in progress. The total VFA was
merely 15.1mM, while the molar percentage of

100
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Sodium ion(g/L)

60 O Control
oe6e

404 <© 10
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% 20

VSS removal efficiency(%)
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(o} 10 20 30 40 50 60
Time(day)
Fig. 4. Effect of sodium ion on the hydrolysis of

food wastes.

the LCFA such as HVa and HCa were over
75.0%. However, the degradation of VSS was
similarly high in comparison to the reactor with
15g Na'/L. The fact indicated that anaerobic
microorganisms responsible for the anaerobic
oxidation or fermentation of hydrolysis prod-
ucts were severely inhibited at 20g Na*/L. It
can be concluded that the differences of the
inhibitory characteristics of substrate — specific
microorganisms responsible for the degrada-
tion of food wastes resulted in the apparent

inhibition on the methane production.
3.3 Inhibition Model of Sodium Ion

Estimation of Kinetic Parameters : The kinetic
parameters for the anaerobic degradation of
food wastes are summarized in Table 1. When
the concentration of sodium ion was increased,
the inhibitory effect on these parameters also
increased. The effects of sodium ion on the meth-
anogenic activity and the acclimation of anaer-
obic microorganisms were quantitatively evalu-
ated by the relative acclimation time(RAT) and
methanation rate(RMR), which were defined as
the ratios of initial lag time and maximum me-
thane production rate of the sample spiked with
sodium ion to the control(Fig. 5).

At 2g Na'/L, the initial lag time was a higher
value of 8.5 day, while it was only 0.45 day in
the control. This initial response on the anaero-
bic microorganisms was due probably to the
osmotic shock by the rapid change of the
sodium ion. When the sodium ion was increased
from 2 to 20g Na'/L, the RAT was exponentially
increased from 18.9 to 90. It implied that the
start — up period of anaerobic process using
unacclimated inoculum can be more extended by
the higher concentration of sodium ion. Howev-
er, the effect of sodium ion on the methanation
estimated by the RMR was linearly decreased
with the increase of sodium ion concentration.
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Table 1. Inhibitory Effect of Sodium Ion on the Kinetic Parameters for Anaerobic Degradation of Food

Wastes.
Sodium ion(g Na*/L) Control 2 6 10 15 20
Bo(IL/g VS) 0.357 0.342 0.308 0.276 0.178 0.063
k(d ") 0.318 0.311 0.240 0.198 0.197 0.040
(dB/dt)max(L/g VS.d) 0.109 0.106 0.074 0.055 0.035 0.0025
ta(d) 0.45 8.52 9.65 12.36 16.53 40.21
100 Table 2. Summary of Inhibition Coefficient of Sodi-
um Jon for Food Waste Anaerobic Degra-
O RMR - 8o dation
o RAT Parameter Inhibition Exponential
- 60 coefficient(I*) coefficient
£ -
& = (dB/dt)max 20.2 n=0.82
RAT.24.3 - 40 k 20.6 m=0.58
< s Bo 20.1 p=0.28
0.2 - 20
IC30:10.6
0 T T T 2 T Y (/] © 150
[ 4 8 12 16 20 24 2
Sodium ion(g Na*/L) £ Experimental  (48/dtmo:
] c 1204 o/ penmenta 1% 20 22
Fig. 5. Effect of sodium ion for RAT and RMR in g n: 082
anaerobic degradation of food wastes. 3 90
g—_ o Predicted
ICs0, which is the concentration of sodium ion o 60-
c O
causing 50% inhibition of methanation, was esti- §
o
mated to be about 10.6g Na*/L from the RMR. E 30
In previous studies, it is reported that ICso of X ICso = 11.54
. . . s = ()
the sodium ion can be differed within the range 0 + 8 12 16 20 24

of 8-24g Na*/L by the type or the operation
conditions of the anaerobic process(Rinzema, et
al., 1988).

Inhibitory Effect of the Sodium Ion estimated
by the Inhibition Model : The inhibitory effect
of sodium ion on the kinetic parameters includ-
ing the maximum methane production rate
((dB/dt)max), first order kinetic constant(k), and
ultimate methane production(Bo) were evaluat-
ed by the proposed the inhibition model, and
the inhibition coefficients including I*, n, m,
and p were summarized in Table 2. The inhibi-
tion model was well fitted to all kinetic param-
eters as shown in Fig. 6 to Fig. 8. Fig. 6 shows
the maximum methane production rate with
the increase of sodium ion. The inhibition coef-

Sodium ion(g Na*/L)

Fig. 6. Effect of sodium ion concentration on the
maximum methanation rate.

0.4
ko : 0.318
q I* : 20.6
ql.\ 0.3 m : 0.58
=
§ /—Experimen\al
® 0.2 o
c
o
o
Q "
S Predlcted—/
© 0.1
£
X
o T T Y
] 6 12 18 24

Sodium ion(g Na*/L)

Fig. 7. Effect of sodium ion concentration on first
order kinetic constant.
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ficient(n) was 0.82, and the inhibitory effect
increased linearly with sodium ion. However,
the effect on the first order kinetic constant was
more increased the higher concentration of sodi-
um ion. The inhibitory effect of sodium ion on
the ultimate methane production was rapidly
decreased with the increase of sodium ion.

The inhibition constant(I*), which meant the
critical sodium ion beyond the complete inhibi-
tion, was estimated to be from 20 to 21g Na™/L
for the three kinetic parameters.

Evaluation of the Inhibition Model : The con-
ventional models of Haldane function type using
inhibition constant have been used to estimate
the effect of inhibitory substance on the anaero-
bic digestion(Barnes and Fitzgerald, 1987).
Recently, the inhibitory effect was expressed as
the function of inhibition term for the half
velocity coefficient and the maximum substrate
utilization developed by the Monod type mod-
els(Han & Levenspiel, 1988 ; Kim, et al., 1994).
The inhibition term was generalized to the non —
linear function as eqn(4), which can be satisfied
most concerns for fit of experimental data and
seems to be generally accepted.

In this research, because the anaerobic degra-
dation kinetics of food wastes was evaluated by
the first order model, the assumptions, i) the
maximum methane production rate is in pro-
portion to the maximum specific substrate uti-
lization rate, ii) the maximum methane produc-
tion rate can be expressed as the product of
first order kinetic constant and ultimate meth-
ane production, were used to estimate the inh-
ibitory effect of the wastes using the general-
ized non - linear expression for first order kine-
tics. The main advantage of this inhibition
model is the prediction of the inhibition coeffi-
cient(I*) representing the inhibitory substance
concentration beyond which all microbial activ-
ity ceases. The inhibition constants(I*) for max-

imum methane production rate, first order
kinetic constant and ultimate methane produc-
tion were 20.2, 20.6, and 20.1, respectively.

It indicates that the critical sodium ion con-
centration beyond the complete inhibition is in
the ranged from 20 to 21g Na*/L. The inhibito-
ry effect estimated using the generalized non -
linear model is expressed to the five types by
the exponential curve depending on the expo-
nential coefficients(n, m, p) as shown in Fig. 9.
The exponential coefficient, n, for maximum
methane production rate was 0.82, and it indi-
cates that the maximum methane production
rate decreases with the concentration of sodi-
um ion like linear curve. However, the expo-
nential coefficient, m, for first order kinetic
constant was 0.58, and it means that the more
inhibitory effect is appeared at the higher con-
centration of sodium ion. The maximum
methane production rate divided by first order
kinetic constant gives the ultimate methane
production(Shin, et al., 1995b, c). Therefore,
the exponential coefficient(p) for ultimate
methane production can be theoretically calcu-
lated by the difference between n and m as
0.24. The value obtained by fitting the inhibi-
tion model to the experimental data was 0.28,

o S00

> Bo : 342.8 mL/g

{. 1°: 20.1 g/L

Y 4004

\E/ q Fitting

° (p:0.28)

.¢_>>‘ 300+ =~ - Theoretical
S ~7 (n-m:0.235)

@ Experimental J ~

2 200+ o

b=

©

E

° 100+

-t

o

£

= 0 T T T R A

=3 o] 4 8 12 16 20 24

Sodium ion(g Na* /L)

Fig. 8. Effect of sodium ion concentration on the
ultimate methane yield.
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- iHsm™e

Inhibitory substance(l, g/L)

Fig. 9. Inhibitory characteristics of generalized
non - linear inhibition model(for n, m, p ; i)
<0 : stimulation, ii) 0 : non - inhibition, iii)
0<n, m, p<1 : slightly inhibition, 1 : linear
inhibition, >1 : severely inhibition)

and the difference between two values was
acceptable(Fig. 7).

The inhibitory effect for specific substrate
utilization rate(ksu) and half velocity con-
stant(Ks) in the model developed by Monod can
be expressed by the inhibition terms as follow
four cases. i) competitive, ksu*=1.0, Ks*>1.0,
ii) non - competitive, ksu*< 1, Ke¢*=1.0, iii)
uncompetitive, ksu*< 1.0, Ks*< 1.0, and iv)
mixed, ksu*< 1.0, Ks*>1.0(Kim, et al., 1994).
However, because the kinetic for anaerobic
degradation of food wastes was expressed by
the first order model, the understanding on the
relationship between the Monod kinetic and
first order kinetic are required to describe the
inhibitory effect of sodium ion. In a batch reac-
tor, the first order kinetic model can be related
with the Monod equation by the following
assumptions. i) the maximum substrate utiliza-
tion is in proportion to the maximum methane
production rate, ii) the available substrate is
the limiting factor in the reaction.

dS  koXS
9t " KsiS =kS (6)
Ks= i{’%‘)’{— (7)

The inhibition terms for the first order kinetic
constant(k*) and half velocity constant(Ks*) can
be expressed as presented in eqn(8), and eqn(9).

o= (@ (@

= ksu/ksua

(1- IL*] " ®)
kaXe  hsuoX

%) T )

(dB/dt)m ko
= (@Blaond 7% )

(1- 71;] " 9)

K

It means that the type of inhibition model for
the maximum methane production rate and the
ultimate methane production can be determin-
ed by the inhibition coefficients including n and
p(=n-m). The n and p for anaerobic degrada-
tion of food wastes were estimated as 0.82(k*
<1.0) and 0.24(Ks< 1.0), respectively. Therefore,
the inhibitory effect of sodium ion on the anaero-
bic degradation of food wastes can be properly
described as an uncompetitive inhibition model
with the(dB/dt)max(n>>0) and Bo(p>0) decreas-
ing as the sodium ion was increased.

Anaerobic Digestion Design Implication :
Sodium ion can be continuously accumulated
up to a high concentration in a dry digestion
process operating for the long term, resulting
in the deterioration in performance of the sys-
tem. The acclimatization time of anaerobic
microorganisms was exponentially increased
according to the concentration of sodium ion.
However, because food wastes contain general-
ly the low level of sodium ion of 3 -5g Na'/L,
the start — up of the system using unacclimated
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inoculum can be performed successfully with-
out any inhibitory problems. The degradation
rate of food wastes is affected by high level of
sodium ion, but of which effect to the ultimate
methane production is relatively small. The
effect of sodium is reversible(Field, et al.,
1991), and dose not alter the microbial popula-
tion(De Baere, et al., 1984). Therefore, the
methods for the reduction of sodium ion con-
centration such as the pretreatment or the
alteration of the waste collection can be recom-
mended to efficient start — up of anaerobic
digestion system. The high level of sodium ion
accumulated in the long term operated digester
might be diluted to obtain the proper process
performance by the periodic substitution of the
dilution water. The presented model for sodium
inhibition on the anaerobic digestion of food
wastes can be used to determine the period and

the amount of the dilution water substitution.
4. Conclusions

1. The apparent inhibitory effects of sodium ion
on the methane production can be observed
from the retardation of the methane produc-
tion and the reduction of ultimate methane
production.

2. The species of anaerobic microorganisms res-
ponsible for the degradation of food wastes
showed different characteristics of acclim-
ation and inhibitory effect according to the
concentration of sodium ion.

3. The effects of sodium ion on the maximum
methanation rate, the first order kinetic
constant and the ultimate methane produc-
tion were properly evaluated by a general-
ized non - linear expression model, describ-
ing the uncompetitive inhibition model.

4. The sodium ion concentration, IC50, caus-
ing 50% inhibition of methanation activity
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was about 10g Na*/L, and the critical sodi-
um ion beyond the complete inhibition was
a value ranged from about 21g Na*/L. The
presented results can be used to obtain the
design or operation parameters in order to
prevent the inhibitory effect of accumulated
sodium ion in the anaerobic process treating
food wastes.
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