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TECHNICAL NOTE

INHIBITION COEFFICIENT (X;) DETERMINATION
IN ACTIVATED SLUDGE

ZBIGNIEW LewanDowsk!, KRysTYNA JanTA and Jerzy MAZIERSKI

Polish Academy of Sciences, Institute of Environmental Engineering, Ul M. Sklodowskiej-Curic 34,
41-800 Zabrze, Poland
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Abstract—A method of measurement of the inhibition coefficient, X, of chemicals within the activated
studge has been proposed. it makes possible the objective determination of the influence of non.
competitive inhibitors on the reaclion rate by means of simpte respiration rate measurements with the
application of a dissolved oxygen meter. The values of X, for chromium Cr®*, for cyanide CN~ and for
two pesticides—DDVP and des-methyl DDVP was determined.
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INTRODUCTION

For research and practical purposes there is strong
need for the investigation of inhibitor effects on the
biological wastewater treatment processes. The bio-
chemical literature gives several models for the effects
of inhibitors. These models are, however, constructed
for the single, pure enzyme investigations and some-
times have limited application to the conditions exist.
ing in biological reactors with the mixed micro-
organisms involved in the treatment process. In
biological reactors for wastewater treatment there
exist many various microorganisms preducing a lot
of enzymes inhibited in different ways by the toxic
compounds. The observed effect is the total infuence
of the toxic compounds on the biclogical system
rather than the pure inhibition of a single ¢nzyme. If
enzyme kinetics are included in or justified for treat-
ment process models consideration should be given to
reactions which are more complex than the single
substrate Michaelis-Menten type.

Enzymaes are inhibited by many groups of chemical
reagenls as well as the physical factors, violent
mechanical agitation, irradiation #nd other factors
which lead to denaturing of the enzyme protein,
Enzyme activity can be blocked by molecules similar
in structure 1o the reaction substrate. In some cases
enzyme inhibitor complexes are reversible and the
inhibition is directly related to the ratio of inhibitor
and substrate concentrations and their adsorption
cocflicients, In other cases, the enzyme-inhibitor
complex is not reversible and the enzyme is per-
manently deactivated. Some inhibitors are adsorbed
near the active site but are large enough physically to
block access by substrate molecules, Many protein-
precipitants inactivate enzymes. There is a group of
tinhibitors which forms insoluble salts which precip-
ftate by viriue of their heavy positively-charged ions.
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This type of enzyme inhibitor is non-competitive and
includes the ions of heavy metals. The other example
of non-competitive inhibitor is cyanide which acts by
inactivating heavy metal catalysts and forming very
stable complexes with the metal. The non-competitive
type of inhibitor is the matter of investigation in this
work.

The relationship between the reaction velocity and
inhibitor concentration for this type of inhibition
may be illustrated as in Fig. 1. The curve is a
graphical solution of the kinetic equation of non-
competitive inhibition (Aiba er af.. 1973):

'
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where:

V¥ = velocity of a reaction (mgl!™'h™")
¥, = maximum velocity of enzyme reaction when
saturated with substrate (mgl-'h™')
£ = substrate concentration {mg!~'}
i = inhibitor concentration {mg1-')

K., = Michaelis constant. that concentrution of
substrate  giving  half  maximum  rate
(mgl-")

K, = inhibition coeflicient, that concentration of
inhibitor giving half’ maximum inhibition
(mgi-'),

An exogencous cleclron acceptor such as oxygen is
reduced in the final reaction of the respiration chain,
The substrate oxidation rate is then equal 10 the
oxygen reduction rate:

"dS "‘l."O:}
dt dt

The change in concentration of dissolved oxygen in
a closed system may be easily measured by means ol

*IH
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Fig, L Influence of the inhibitor concemtration on the
enzyme catalyzed reaction rate,

an oxygen electrode. In this work the measurement of
the respiration rate was chosen for assessing the
substrate utilization rate.

The velocity of the biochemical reaction within the
activated sludge may be described by Michaelis-
Menten equation:

~ds ¥
Vee—— = rnu
dr Kn,+s @

When oXygen was considered to be the substrate the
rough estimation of the Michaelis constant value for
the compounds oxidized in this work was found to be
about 0.1 mg1~! O,. Since the concentration of dis-
solved oxygen within the activated sludge samples
was close to saturation it can be stated that s» K.
Equation (3) ¢an be then reduced to;

- d0,)
dr
On the same basis in the presence of non-competitive
inhibitor, equation (1} can be reduced (o:

Vi K
T

Ve = Vmu . {+h)
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A simple graphical method which gives K, was de-
scribed by Dixon and Webb (1964). If the reaction
velocity is determined with a series of inhibitor
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concentrations, keeping the substrate conccmrazions{
constant, a straight line is obtained on plotting ;¥
against i. The point of intersection gives ~ K direetly.
This is evident from linearization of the equation (3)
to the form:
+ i

rnu Ki (6)
By putting I/¥ =0 the intersection point with the
base-tine gives — K,.

To verify the method of the K, determination the
foltowing measurements in the activated sludge were
made. As inhibitors chromium Cr®*, cyanide and
two pesticides—0.0 ~dimethyl-0-(2,2 dichlorovinyl)-
phosphate (DDVP) and O-methyl-0-(2.2 dichloro-
vinyl} phosphate-sodium salt (des- -methyl DDVP),
were chosen. As the compounds oxidized methanol
and propanol wers utilized.
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MATERIALS AND METHODS

Activated sludge laken from the Municipal Treatment
Plant was aerated continuously during 24 h for oxidittion of
the organic ¢arbon compounds adsorbed on the focs and
dissolved in the studge liquor. After this the temperature of
the sludge was raised to 25°C which wis chosen as the
temperature for the measurements. The sludge was siill
continuously acrated.

The measurements of the respiration rate were done in the
apparatus shown in Fig. 2. The appuratus consisted ol the |
reactor tank, dissolved oxvgen meter and recorder. The
reictor tank was of 140 ml volume and was thermostatted
at 25°C, In the upper part the tank was stoppered by means
ol a conical-shaped plastic stopper. Through the stopper tw
the reaction tank the oxygen electrode, thermometer and the
injection needle were introduced and fixed. Dunng the
megsurements the activated shudee was continuously mixed
by means of a magneuc stirrer. The sludge, previously
vigorously serated, was poured into the reaction tank which
was caretully stoppered to remove the air bubbles from the
sludge liquor. The stirrer was switched on and the spparatus
was ready For use, The tirst phase of measurement involved
the stabilization ol conditions and determination of the
basic respiration rate, i.e. the rate of respiration without
addition of substrate. After the aeration of the siudge for
24 h and oxidizing practicatly all of the carbon compounds
present in the sludge liquor. the basic respiration rate can
be identified with the endogeneous respiration rate. Aller
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Fig. 2. Laberatory apparatus.
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stabitization of conditions and obtaining the straight line on
the recorder the substrate (one of the alcohols diluted in
water) was injected. The respiration rate increased, being
now the maximum substrate respiration rate. Next, the
inhibitor at known concentration was injected into the
reaction chamber. The respiration rate decreased as a result
of inhibition, being now the inhibited respiration rate. The
measurements were repeated for several concentrations of
inhibitor to cover the region between the maximum sub-
strate respiration rate and the basic respiration rate. The
results obtained in this way were plotted in the axis (H/V, i)
to determine the K, value. The intercept was determined
analvtically with the application of the least squares
method.

Dilutions of alcohols injected into the reaction chamber
was of 105 and the concentrations of alcohols in the sample
of 200mg 1. The dilution of chromium solution injected
into the reaction chamber was of 10%. As the chromium
compounds potassium dichromate K,Cr; O, was used. The
ditution of cyanide (as potassium cyanide) injected into the
reaction chamber was of 50 mg I=* CN~. The two pesticides
used as the reaction inhibitors were both injected in the form
of the concentrated solutions. The compounds used in the
work were; 0,0-dimethyl-0-(2.2 dichlorovinvilphosphate
(DDVP) and O-methyl-0-(2.2 dichlorovinyl)phosphate-
sodium salt (des-methyl DDVP). In the cases of chromium
and cyanide. methanol was used as substrate and in the case
of both pesticides—propanol, During all the measurements
the pH value was constantly at 7.5.

RESULTS

The influence of the biomass concentration on the
K, value is presented in Fig. 3, The measurements
were made using methano! as the substrate oxidized
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Fig. 3. The inttuence of the biomass concentration on

the K, value for chromium Cr**. 1—TSS=35.641",
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Fig. 4. Determination of the K, value for cyanide CN™,

and chromium Cr®*" as the inhibitor by the activated
sludge at suspended solids concentrations of 5.6, 3.7
and 2.3 g1, The measured X, values were equal 87,
85 and 89 mg 17 Cr®~ respectively. It can be seen that
the biomass concentration had no influence on the K,
value, which had the mean value of §7mg!t~' Cr*~.

Inhibition coefficient K, measured for cyanide using
methanel as the substrate oxidized was 0.293mg1™!
CN- (Fig. 4). Inhibition coefficienis X, measured for
the two pesticides using propanol as the substrate
oxidized were equal to 2220mgl™' DDVP and
13,800 mg -t des-methyl DDVP. The results are
presented in Fig, 5.

DISCUSSION

The toxic effect of some compounds, especially
these of heavy metals, has been investigated many
times. The results presented in the literature show
clearly the toxic influence of some chemical com-
pounds on the biological wastewater treatment pro-
cesses. The authors utilize the variety of methods, for
example BOD test (Mowat, 1976), the lethal concen-
tration LC., determination (Mearns e of., 1976) or
determination of ®, reduction in substritie conversion
(Lamb and Tollefson, 1973). All of them give the
description of the behaviour of the microbial systems
being inhibited. The comparison of results is, how-
ever, practically impossible. The toxic effect of in-
hibitor on the bacterial system is complex and in-
volves both the influence on the chemical reaction
rate and the growth of microorganisms. That is why
the compaurison ol results presented in various papers

.
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Fig. 5. Determination of the &, value for DDVP and des-methyi DDVP.

is difficult, Some of them insist on the inhibition of
the chemical reaction rate or both on the growth and
chemical reaction rate (BOD test) the others on the
growth or survival parameters (LCg).

As it was mentioned earlier, the X, coefficient is
implicated in the biochemical models describing in-
hibition. These models have been principally con-
structed for systems involving a single enzyme, single
substrate and single inhibitor. The presented work
proves the possibility of the K, coefficient mea-
surement within bacterial systems. This measurement
does not replace the other methods but can be
considered as a useful tool for the quick assessment
of the inhibitory potentia} of the individual com-
pound. The advantage of being able to assess the
toxic effect of a particulur inhibitor within about 2k
makes the described measurement attractive both
from the research and practical point of view.

CONCLUSIONS

(1) The possibility of determining the inhibition
coetticient A’ in activated sludge systems by means of
respiration rate measurements by the application of
a dissolved oxygen meter have been proved.

(2) The measured values of K, were equal to:

87mgi~! of chromium Cr*~;

0.293 mg i~'of cyanide CN-;
2220mg 1~ of DDVP,

13,800 mg 1" of des-methyl DDVP.

{3) The applied method of measurement of the
inhibition cectticient is simple und time-saving.
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