Environment Protection Engineering

Vol. 12 : 1986 No. 3

RYSZARD W. SZETELA *, TOMASZ Z. WINNICKI *

BIOLOGICAL TREATMENT OF INHIBITORY SUBSTRATES

Some types of industrial wastewaters involves specific problems when treated in biologic-
al processes. They are due to the presence of biodegradable inhibitory substrates which can
affect microbial growth, especially when occurring in high concentrations. The treatment of
such wastewaters in an activated sludge process in a continuously fed stirred tank reactor
has a marked disadvantage which lies in the fact that the work of the tank may become
unstable in a certain range of retention times. The efficiency of the process may substantially
change even at small variations of the process parameters. In the study reported the
unstability was related to the initial concentrations of pollutants, to some parameters of the
process and to the parameters of microbial kinetics. Theoretical considerations show that for
a certain range of pollutant concentrations in a raw wastewater the unstable work of the
reactor can be eliminated.

The methods analyzed in this paper were as follows: intensive recirculation of the
effluent from the secondary settling tank, supply of biomass (from outside of the system) to
the incoming wastewater, dilution of the influent with water or sewage containing no
inhibitory substrates, and immobilization of the biomass on the carrier in the activated
sludge tank. Of the methods tested, immobilization of the biomass was found to be the most
efficient.

NOTATIONS
c — dimensionless maintenance coefficient,
D — dilution rate, T,
k — dimensionless inhibition coefficient,
K, — inhibition constant, ML~ 3,
Ky — Michaelis-Menten constant, ML 3,
m — maintenance coefficient, MM, ! T~
0, — influent flow rate, L3 T,
0s — return sludge flow rate, L3 T~ !,
S, — influent substrate concentration, ML 3,
Si — dimensionless influent substrate concentration,
S, — effluent substrate concentration, ML 3,
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S, — dimensionless effluent substrate concentration,
t — chronological time, 7,
r — dimensionless chronological time,
vV, — void space of reactor, L?,
X — influent biomass concentration, M, L™ >,
X, — mixed liquor suspended solids, M, L™>,
X5 _ biomass concentration in effluent from secondary settling tank, M, L~ 3
X5 — concentration of recirculated biomass, M, L™,
X5, — “reduced” concentration of recirculated biomass, X5, =aXs, M L~ 3
X5, — dimensionless form of X,
X4 _ concentration of immobilized biomass, M, L™,
X, — dimensionless concentration of immobilized biomass,
Xp - =X,+ Xl%xw, M,L3,
o
Xp — dimensionless form of X,
Y — biomass yield coefficient, M, M,
Y,,s — net biomass yield coefficient, M. M !,

o — recirculation ratio (x = Qs/Q,),

p — degree of excess sludge removal (f = Q4/Q)),
(2] — space time (HRT), T,

6 — dimensionless space time,

I — specific biomass growth rate, Tt

lnax — Maximum specific biomass growth rate, T

1. INTRODUCTION

The objective of the study was to analyze a number of problems approached in
the activated sludge treatment of a specific type of industrial wastewater conducted
in a tank with complete mix.

Of the formulae available for describing the kinetics of biological treatment,
Monod’s empirical equation [12]

_ Hinax SZ

”_KS+S;,_

is usually regarded as best suited for this purpose. Monod’s formula expresses the
relationship between the microbial growth rate u and growth-limiting substrate
concentration S,. When the wastewater to be treated contains many different
substrates (which is rather typical of industrial wastes), substrate concentration will
be expressed in terms of dichromate COD, C,, or BOD. The plot for Monod’s
equation is shown in fig. 1. If this equation holds, it should be noted that each
value of u will have only one correspondent value of S,.

However, in some instances Monod’s formula is no longer sufficient to describe
the degradation of substrate contained in the wastewater. This is, for example, true
for phenols [4], [10], [11], [13], [14], n-butanol [18], pentane [17], phenyl
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acetate, sodium benzoate, p-sodium hydroxybenzene [9], nitrites [1], especially
when occurring over a wide range of concentrations. For these substrates other
empirical formulae (as that given in fig. 2) should be derived to describe the u—3S,
relationship. EpwaArDs [6] gave a detailed account of the mechanisms governing
the inhibition of microorganisms growth by high substrate concentrations. The
problem of inhibition has been intensively studied and a great number of useful
results published. The literature contains different expressions and formulae to
describe the relationship of interest [6], [19], [20]. The following equation known
as Monod-Haldane model is most frequently used:

L B L DX e~ NN

Unm T

0k, s, 0 ke K, S,
Fig. 1. u versus S, curve (according to MoNOD Fig. 2. uu versus S, curve (according
[12]) to EDWARDS [6])

This model will also be included in our considerations. Irrespective of whether
or not our considerations involve Haldane’s model, it should be noted here that in
every u versus S, relationship similar to the one shown in fig. 2 (i.e., each value of
u has two corresponding values of S,), our conclusions qualitatively hold.

2. DETERMINING THE p VERSUS S, RELATIONSHIP

Considering the treatment of specific wastewaters in an activated sludge
process, it should be determined whether the nature of the relationship in question
is that of fig. 1 or that of fig. 2. If the wastewater to be treated contain the specific
substances mentioned in the introductory comments, it can be expected that the u
— S, relationship will be that of fig. 2.

The utilization of continuous or batch cultures is one of the most frequently
employed methods in determining the value of u. The advantages and limitations
of the methods employed have been described in the literature a number of times

(2], [3]. [7], [8], [10], [13].
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3. GENERALIZED MATHEMATICAL MODEL FOR WASTEWATER
TREATMENT IN A CONTINUOUSLY FED STIRRED TANK
REACTOR (CFSTR)

CFSTR is shown in fig. 3. It has been assumed that some part of the
microorganisms can be immobilized on the carrier and that biomass may also be

- present in the feed.
aerction/
setting
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Fig. 3. CRSTR with recirculation

Under conditions similar to those of the steady state, the quantity of the
biomass that can be recirculated is constant and can be determined from the
balance of the biomass contained in the effluent from the CFSTR, the biomass
removed as excess sludge and the biomass leaving the settling tank along with the
treated wastewater. This balance can be written as follows:

Q19‘X5:Q1(1+°‘)X2_Q1BXS_Ql(l_ﬁ)Xa (1)

{Biomass to be% {Biomas leaving the% %Biomass contained} {Biomass in the effuent §

recirculated CFSTR in excess slude from settling tank

Since under nearly steady-state conditions all of the terms on the right-hand
side of eq. (1) can be considered constant, we may expect that a X5 = X5 o = const.
This means that at a given concentration of suspended biomass X, an increase in
the recirculation ratio o will bring about a decrease in concentration of the
recirculated biomass X . If there exists a possibility of increasing the concentration
of recirculated biomass, the required recirculation ratio may be decreased.

Assuming that: 1) the CFSTR is able to ensure a complete mix, 2) the effective
volume of the CFSTR is constant, and 3) the microorganisms immobilized on the
carrier and living out of it as well as the microoorganisms coming from recircula-
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tion and those entering the reactor with the inflowing raw wastewater are
identical, the biomass balance will take the form:

dX,
dt

If X, =0, the model obtained will refer to a system with no biomass in the
incoming raw wastewater. When X, = 0, the model is valid for a system with no
microorganisms immobilized on the carrier. Under steady-state conditions (dX,/dt

=D[Xs50+X; —(1+20) X5]+p(X 4+ X,). (2)

_DI1+a) X,— X, = X;54]

3
The equation of the substrate balance can be expressed as:
ds u
d—j=D(Sl—S2)—ﬂ(XA+Xz). 4)
Under steady-state conditions (dS,/dt = 0)
Yus D(S; =S
X, = Joos D15, = 55) =X (5)
U
Comparing eq. (3) and eq. (5) gives
XZ:Y:;bs(Sl_-SIZ)"i'X1+X5,Q' 6)
+a
Substituting X, from eq. (6) into eq. (4) and regarding
Xl + X5 Q
Xp=—"T4X
b l+a 4
we obtain
@g _ _ _ (Sl —SZ XD
d[ - D(Sl SZ) n 1+1 T Y;bS o (7)
Introducing
1 1 m Hinax SZ Py
—:;+*’ /’1:__‘2* lumuxI:t’
Yo ¥ m K+, +52

K,

#maxQz@:é’ SI/KS=§1s Sz/Ks=§2a Ks/K; =k,
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mY _
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c

give the dimensionless form of eq. (7):

< (g 5i=5s
- S, ( X+
4 _ 15 5, 2< ’7 1+a
- A 1+8,+kS3

1+8,+kS832

4. RELATIONSHIP BETWEEN SUBSTRATE CONCENTRATION
AND HYDRAULIC RETENTION TIME (HRT)

Figure 4 gives the curves of substrate concentration S, versus retention time 2]

plotted for steady-state conditions according to eq. 9. The shapes of the S, versus
O plots may be either those of fig. 4a or those of fig. 4b, depending on the values
of the parameters S, k, ¢, Xp, and a. When the curves have a shape as that of the
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Fig. 4. S, versus @ curves for steady-state conditions

c=02 k=01, x=05 X,=10, a) S, =100, b) §, =10

Fig. 5. Intervals in

which multiplicity of

steady states occurs

¢ =0.06



Biological treatment of inhibitory substrates 41

fig. 4a plots, for the retention times ranging within O, and O, eq. (9) has three
solutions. We can prove that the solutions contained in segment I-II of the curves
are of an unstable nature [5], [15]. This means that the concentrations related to
this segment do not occur in engineering practice, because once the concentration
of the substrate in the reactor begins to increase (at least for a moment if not
more), it continues to rise until steady-state conditions are reached such that
correspond to the segment I-1V of the curve. If there is an instantaneous drop in
the concentration of the substrate, the steady-state conditions in the reactor will be
those included in segment II-III.

The operation of the CFSTR under steady-state conditions with decreasing
times of retention from a value of above @, to the level of O, (ie., in the range
where multiplicity of steady-state conditions occurs) brings about a continual
increase of substrate concentration in the reactor until point II has been reached.
The further decrease of the retention time will lead to the “skip” to point 1V, thus
contributing to a rapid decrease in the efficiency of the CFSTR. If the retention
time continues to decrease, the concentration of the substrate will continue to
increase to reach the value of S, at point V. When the influent substrate
concentrations (S,) are high, the skip from point II to point IV (along with the
resulting rapid increase in the concentration of the substrate inhibiting microbial
growth) may cause the kill of the biomass, inhibition of its settleability and,
consequently, a failure of the treatment process [16]. On the contrary, when
starting from point V, the extension of the retention time brings about a
continuous decrease of the substrate concentration until point I is reached. The
further increase in retention time leads to a skip to point III to give a rapid
improvement of the reactor efficiency.

In engineering practice it is difficult to provide steady-state conditions in the
CFSTR because of the variability both in the rate of wastewater inflow and in the
concentration of the substrates present there. The variable composition of the
wastewater to be treated, which accounts for the variability of the parameters
describing the kinetics of biodegradation, is also of great significance. Temperature
seems to have a consistent effect and so does the microbial composition of the
sludge. Consequently, the substrate concentration in the CFSTR only approaches
the values of steady-state conditions. In the range of retention times between o,
and @, it may happen, therefore, that instantaneous increment in the substrate
concentration (reaching values higher than those included in segment I-1I) will
occur, thus contributing to a considerable decrease in the efficiency of the reactor
or to a failure of the treatment process. There may also occur such a situation that
the retention time @ slightly exceeds @, but an instantaneous increase in the rate
of wastewater inflow will shorten the retention time to value below O, and bring
about a skip to very high concentrations of substrate.

Irrespective of which of the factors mentioned here are responsible for the drop
of the CFSTR efficiency, it is very difficult to restore the reactor efficiency to the
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level required. This may be achieved by extension of the retention time to a value
higher than @, and, as soon as the efﬁc1ency required is reached, by the return to
shorter times (down to a level of ).

However, if the biomass has been killed, a high reactor efficiency will not be
recovered until a new culture is grown.

It should be mentioned that extending the retention time, we have to discharge
great amounts of wastewater immediately to the receiving stream without biologic-
al treatment. To avoid this, it seems advisable to work with sufficiently long
retention times, i.e., greater than 6,. Needless to say that this should be preceded
by economic analysis (increased overall dimensions of the CFSTR and, conse-
quently, higher capital cost, etc.).

5. ELIMINATING AN UNSTABLE OPERATION OF THE CFSTR

For certain parameters values the S, versus @ curves show no local extremes
(as can be seen in fig. 4b). In other words, for these values the multiplicity of
steady-states does not occur, thus some undesirable consequences (e.g. rapid
decrease in the efficiency of the CFSTR) can be avoided. Such a situation is of
significance for practical purposes, and it seems worth considering what are the
requxrements to comply with (especially concerning the process parameters 8.k c;
X p, @) in order to achieve favourable effects.

A similar problem was considered by Cur and co-workers [5] for a chemostat.
In their study, they made the following assumptions: no biomass is present in the
influent, the process does not involve recirculation, and the maintenance coefficient
equals zero. These are strong simplifications, and in practice (particularly at high
efficiencies which are striven for everywhere) the utilization of the substrate for
maintenance is comparable with, and in some instances even higher than, the
utilization of the substrate for biomass growth.

The attempt to solve the problem of interest without making simplified
assumptions causes certain trouble. The procedure is quite complex and has been
presented in a separate report [15].

Based on the results discussed there, we may state that the values of the
parameters X =(+a)X,, k, and S, seem to exert a substantial effect on whether
or not the S, versus @ plot will have a desirable shape. Thus, the parameter X
describes both the quantity of the biomass entering the CFSTR and the method of
entering, and k denotes the degree of inhibition due to the substrate. It is of
interest to mention that k = 0 holds for those substrates alone which involve a u
versus S, relationship obeying the Monod equation. As shown in an earlier report
[5]. at Xz = 0 (which means that no biomass is immobilized on the carrier, i.e., X 4
=0, no biomass is contained in the influent, ie, X, =0, and no biomass 1is
recirculated, ie., X5, = 0) the S, versus @ relationship will have an advantageous
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plot only for those concentrations of substrate in raw wastewater which satisfy the
condition

kS? < 1. (10)

But this condition is fulfilled when the values of S, are relatively low. For
higher concentration values the plots will be advantageous when X, > 0. How-
ever, once certain limit values of §1 have been reached, the curve will show a
disadvantageous plot even if X; = + c0. These limit values of S| can be calculated
from eq. (11) when adopting fixed values for the parameters ¢ and k:

k24 42k (1+0) P +(1+c+2ke—kS) y2+ 2y +8, +¢ = 0 (11)

where:
B
y=Acos——D,
3
[3(1+c¢)*—2wc]V?
312 ck

=331+ —w(l+)c+2c3k
[3(14c)—2w]3? ’

A:

B = arccos

_1+C

=S "= 1+ c+2ck—kS, .

It may be proved that there exists only one value of S, which has a physical
meaning and fulfils eq. (11) [15]. For S, values ranging between those calculated
from eq. (10) and those obtained from eq. (11) we can determine the minimum
value of X (X,,,) to ensure the advantageous plot of the S, versus @ relation-
ship. '

X, mn value can be calculated from eq. (12)

P (8, —-85,)* (k53— 1)
EkS3+82(1—kS)+c(1+85,+k8H?+ 3,

(12)

after having substituted the root of eq. (13) contained in the interval [0, S,] for S,.

a5§§+a4§§+a3§§+a2§§+al§2+a0=O (13)
where:
ag =84S, c+e, as =k(2+k§1c—l—4c),
ay =c+8+8,c+3kSy ¢, ay= —k(1+c+3ck+kS, c),
a, = k(@eS, +8, - 20), as = —k*(1+c+kS, ¢).

It can be proved that there exists only one root of this kind [15].
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Figure 5 gives S, versus k relationship for different value of X, the value of ¢
being 0.06. The curves were calculated from egs. (10), (11), and (12) with the use of
an ODRA-1325 computer. Based on the relationship plotted for different values of
¢ it is possible to determine whether or not the shape of the S, versus @ curve will
be favourable. If a point having coordinates k, S, belongs to region I, the s
versus @ curve will have a disadvantageous plot irrespective of the X, value.
When such a point is included in region III, the plot will be always advantageous
even for X = 0. For the points in region II, the plots depend on the value of X
and the advantageous plot is obtained when X, value is high enough.

Using graphs like those in fig. 5 is not convenient. This is because of great
reading errors of the k, S, and X, values when logarithmic scales are used.
Furthermore, for engineers, of importance is to know the X, value which
ensures stable operation for given S,. k and c. Such an information cannot be
drawn from fig. 5 exactly enough. For those reasons, the numerical solutions of eq.
(11), for k and ¢ ranging from 0.001 to 1.0 and from 0 to 1.0, respectively, were
approximated by eq. (11a).

S, = exp[0.024(In k)>—0.6039 In k + 1.8908]
+c-exp[0.0459(In k)2 —0.3311 Ink+2.7659].  (11a)

This equation enables one to calculate a limit value of S, above which nonstability
exists even for X, = + 0. It is-evident from eq. (11a) that higher values of S, are
obtained when substrate used for maintenance is taken into account (¢ > 0).
Neglecting maintenance (¢ = 0) gives lower values. For k =0.1 it is possible to
calculate the values 30.1 and 38.6 when adopting ¢ = 0 and ¢ = 0.2, respectively.
For Kg =20 gm™?3 it gives the limit values 600 and 772 gm > respectively.

For the given values of k and ¢, with S, between those calculated from egs. (10)
and (11) or (11a), one can calculate X, min USING @ simple programme in BASIC
included in this paper. For k = 0.1 and S, = 30 the calculated X, values are
5084.5 and 65.1, for ¢ =0 and ¢ = 0.2, respectively. Adoption of Y = 0.5gss g B
and Kg=20 gm~? gives the X, values 50845 and 641 gssm™°. Thus, it is
evident that the omission of maintenance [5] leads to highly erroneous predictions
of the X, . values. It appears that these errors become higher when S, approa-
ches its limit values from egs. (11), or (11a).

Since

=1+ X+ X, +X5Q, (14)

the value of X can be increased by increasing the values of the parameters X,
and/or X,, and/or XSQ, and/or a.

From eq. (9) it follows that the increase in the values of the parameters Xk,
or X, .o leads to the decrease of the HRT required to obtain a fixed concentration
of the substrate in the reactor effluent. Thus, increasing the values of these
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parameters brings about an intensification of the treatment process. But a large
increment of X, seems to be disputable, as in such a situation the CFSTR has to
be continuously fed from outside with substantial amounts of the biomass.
Moreover, when the )?1 value increases, so does the suspended solids concentra-
tion in the influent to the secondary settling tank (eq. (6)), which calls for an
increase of its overal dimensions. Increment of /\7st may be achieved by increasing
X5 value, i.e., increasing the secondary settling tank dimensions. There is no need
to increase the dimensions of the secondary settling tank when the biomass
concentrations are high, but the biomass itself is immobilized on a carrier. If the
X , values are sufficiently high, we need not recirculate ()?S‘Q = 0) or supply the
biomass from outside the system (X, = 0). Furthermore, a biomass immobilized
on a granular carrier or on a fixed packing of the CFSTR will be easily retained in
the reactor. This being so, a secondary settling tank is unnecessary or may be
quite small in size.

When X, # 0, the value of X, can be increased by increasing the recirculation
ratio a. Although this eliminates an unstable operation of the CFSTR, the HRT
required to ensure a satisfactory treatment efficiency will have to be substantially
extended. On the other hand, a considerable increase of the recirculation ratio
increases the costs of pumping. Thus, for these reasons it does not seem advanta-
geous to increase the ratio of recirculation in order to obtain such X values that
would be high enough for our purpose.

6. INCOMPLETE ELIMINATION OF UNSTABILITY IN THE OPERATION
OF A CFSTR

As far as the points included in the top part of region II are concerned (fig. 5),
a complete elimination of unstability requires very high values of X,. In engine-
ering practice such values cannot be achieved for the reasons considered earlier.
This being so, we may aim at incomplete eliminating the unstability by decreasing
the value of @, (fig. 4) to the lowest advantageous level and employing HRTs
higher than @,. The same holds for the points contained in region I. As shown by
SZETELA [1~5], increasing the values of X,, X, and )?S_Q gives a decrease in the
value of ©,. When the recirculation ratio increases, so does ©®,, which is not
advantageous for the purpose considered here.

An unstable operation of the CFSTR can be either completely or partly
eliminated by decreasing the concentrations of the substrate in the influent (raw
wastewaters). This may be achieved either by the addition of wastewater which
does not contain inhibitory substrates or by dilution with water (e.g., supplied
from the recipient stream). If the influent has to be diluted, it becomes necessary to
improve the removal efficiency, as otherwise the recipient stream (e.g., a river) will
receive additionally increased pollution loads. It can be proved [15] that the




46 R. W. SzeTeLA, T. Z. WINNICKI

product of HRT and flow rate (increased due to the dilution of the influent) will be
higher than in an operation with no admixtures added to the feed. It means that
an increase in the degree of dilution brings about increase in the required reactor
volume. Consequently, admixture with adequate amounts of wastewater or water
makes heavy demands on the overall dimensions of both the CFSTR and the
secondary settling tank.

7. CONCLUSIONS

Wastewaters containing degradable inhibitors of microorganisms growth may
be responsible for an unstable operation of the CFSTR involved in the biological
treatment process. This unstability occurs only in a certain range of HRT, and the
limits of the interval are influenced by the process parameters Sy, k, c, Xp and a).

The operation of the CFSTR with HRTs, at which this instability occurs, leads
either to a significant decrease of the treatment efficiency or to the failure of the
treatment process. The unstability of operation can be eliminated by increasing the
concentration of the biomass in the influent (which is not usually feasible in
engineering practice) or by the increase of the quantity of recirculated biomass.
Both of the procedures have the disadvantage. consisting in the fact that the
increase of the overall dimensions of the secondary settling tank becomes a
necessity.

Increasing the recirculation ratio o will not eliminate the unstability of reactor
operation without a considerable increase of its overall dimensions. Thus, the most
favourable procedure is to increase the concentration of the biomass immobilized
on the carrier which, in addition, permits decreasing the overall dimensions of
both the CFSTR and the secondary settling tank.

When the influent concentrations of the substrate are high, the only method
yielding a complete elimination of the process unstability is the dilution of the
incoming raw wastewater. However, this effect will not be achieved, either, without
a significant increase in the dimensions of the CFSTR and the secondary settling
tank.

Translated by Janina Kosinska

PROGRAMME “XEMIN FINDING”

19 REM XEMIN = X, ;. S1 =S, C=c, K=k

29 INPUT Sl

39 INPUT K

49 INPUT C

50 LET B$=“—((S1—W)x(S1 —W)H(K+WxW — 1))/(2+K«WxW W

+ WisW(1 —KxS1)+S1+Cx(1+W +K+WxW)x(1 + W+ K«W+W))’
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60 LET A12 =90
79 LET Al3 = SI

80'LET W = Al2

99 LET H = (A13—A12)/109

109 LET Hil = H

119 LET El = Hx1E—7

129 LET D = VAL B$

139 LET C1 =D

149 LET W = W+ HI

15p IF W <A13 THEN GOTO 179

1690 LET XEMINI = A13

179 LET D = VAL BS

189 IF D <CI THEN GOTO 139

199 LET HI = —HI1/2

20p IF ABS H1 > EI/2 THEN GOTO 139
219 LET XEMINI = W

229 PRINT “XEMIN ="; —VAL B$
23p STOP

REFERENCES

[1] BonN B., LaupeLouT H., Kinetics of nitrite oxidation by Nitrobacter Winogradski, Biochem. J., 85,
440 (1962).

[2] BoyLE W., RoHLICH G. A., Scale-up of the activated sludge process, Biotechnol. Bioeng., 8, 405
(1966).

[3] CasseL E. A, Surzer F. T., Lams J. C., Population dynamics and selection in continuous mixed
cultures, J. Wat. Pollut. Control Fed., 38, 1398 (1966).

[4] Cui C. T, HoweLL J. A, Transient behaviour of a continuous stirred tank reactor utilizing phenol
as an inhibitory substrate, Biotechnol. Bioeng., 18, 63 (1976).

[5] Cur C. T, HoweLL A. J., PawLowsky U, The regions of multiple steady states of a biological
reactor with wall growth, utilizing inhibitory substrates, Chem. Eng. Sci., 29, 207, (1974).

[6] EpwArDs V. H., The influence of high substrate concentrations on microbial kinetics, Biotechnol.
Bioeng., 12, 679 (1970).

[7] Gaupy A. F,, Jr, GranDpY E. T., Advances in biochemical engineering, T. K. Ghose, Ed. (Wiley,
New York 1972).

[8] Gaupy A. F., Jr, RAMANATHAN M., Rao B. S., Kinetic behaviour of heterogeneous populations in
completely -mixed reactors, Biotechnol. Bioeng., 9, 387 (1967).

[9] GranT D. J. W, Kinetics aspects of the growth of Klebsiela aerogenes with some benzoid carbon
sources, J. Gen. Microbiol., 46, 213 (1967).

[10] JaNG R., HUMPHREY A. E., Dynamic and steady states studies of phenol biodegradation in pure and
mixed cultures, Biotechnol. Bioeng., 17, 1211 (1975).

[11] Jones G. L., JANSEN F., McKAY A. J., Substrate inhibition of the growth of Bacterium NCIB 8250
by phenol, J. Gen. Microbiol,, 74, 139 (1973).

[12] MonNob J., La technique de culture continue, theorie et applications, Ann. Inst. Pasteur, 79, 390,
(1950).

[13] Pawrowsky U., HOWELL J. A., Mixed culture biooxidation of phenol. 1. Determination of kinetic
parameters, Biotechnol. Bioeng., 15, 889 (1973).

[14] Szetera R. W., WiNNIcKT T. Z.,, A novel method for determining the parameters of microbial
kinetics, Biotechnol. Bioeng., 23, 1485 (1981).




48 R. W. SzeTELA, T. Z. WINNICKI

[15] SzeTELa R. W. Mathematical model of inhibitory substrates biodegradation in CMTR with
immobilized biomass, Report of the Institute of Environment Protection Engineering, Technical
University of Wroctaw, 58 (1979).

[16] Szeteta R. W., Betanaphtol biodegradation by activated sludge, M. Sc. Thesis, Institute of
Environment Protection Engineering, Technical University of Wroctaw, 1976.

[17] Uemura N., TakauasHi J., Uepa K. Cultivation of hydrocarbon utilizing microorganisms. 1I.
Determination of trasnsfer rate on n-pentane into the culture, J. Ferment. Technol., 47, 220 (1969).
[18] Wayman M., TsexG M. C. Inhibition — threshold substrate concentrations, Biotechnol. Bioeng.,

18, «383 (1976).

[19] YaNo T. KoGa S. Dynamic behaviour of chemostat subjected to substrate inhibition, Biotechnol.
Bioeng., 11, 139 (1969).

[20] Yano T., NakaHARA T., Kawiyama S.. YaMADA K. Kinetic studies on microbial activities in
concentrated solutions. 1. Effect of excess sugars on oxygen uptake rate of a cell-free respiratory
system, Agr. Biol. Chem., 30, 42 (1966).

BIOLOGICZNE OCZYSZCZANIE SCIEKOW
Z SUBSTRATAMI INHIBITUJACYMI

Przy biologicznym oczyszczaniu niektorych rodzajow sciekow przemystowych wystgpuja pewne
specyficzne problemy. Sa one zwiazane z obecnoscia w $cickach biodegradowalnych substratow, ktore
inhibituja wzrost mikroorganizmow. Oczyszczanie takich Sciekow osadem czynnym w komorach o
pelnym wymieszaniu zwiazane jest z powaznymi niedogodno$ciami eksploatacyjnymi. Wynika to z
wystgpowania zjawiska niestabilnej pracy komory w pewnym zakresie czasow przetrzymywania. W
takich warunkach sprawno$¢ oczyszczania moze ulega¢ znacznym zmianom przy niewielkich zmianach
parametrow procesu. W pracy przedstawiono zwiazek tej niestabilnoéci ze stgzeniem substratow
inhibitujacych w oczyszczanych $ciekach, niektorymi parametrami procesu i parametrami kinetyki
mikrobiologicznej.

Z przedstawionych rozwazan wynika, ze w okre$lonym zakresie stgzen $ciekow surowych istnieje
mozliwo$¢ wyeliminowania niestabilnej pracy komory. Przeanalizowano mozliwosci eliminacji niestabil-
no$ci przez: 1) intensywna recyrkulacje Sciekow oczyszczonych z osadnika wtornego, 2) doprowadzanie
biomasy spoza uktadu do doptywajacych sciekow surowych, 3) rozcienczanie $ciekOw surowych woda
lub $ciekami bez substratow inhibitujacych, 4) unieruchamianie biomasy na nosniku w komorze osadu
czynnego. Stwierdzono, ze najbardziej efektywna metoda jest unieruchamianie biomasy.

BUOJIOTMYECKASI OUUCTKA CTOYHBIX BOJ
OT UHI'MBUTOPHbLIX CYBCTPATOB

HekoTOpbIe MPOMBIIILIEHHbIE CTOUHBIE BOMIbI CO3AIOT CEPhEIHBIE npo6JeMbl BO BpeMs UX 6u0JI0-
[MUECKOH OUYMCTKM. DTO BHI3BAHO [PUCYTCTBHEM OMOJIEIrPaUPyeMbIX HHIHOHTOPHBIX cybCcTpaToB,
KOTOPbIE MOTYT TOPMO3HTh POCT MHKPOOPIaHH3MOB, 0COOEHHO TOra, KOrJa BHICTYNIAlOT B OOJIbLIKMX
xoHLeHTpalmMsX. HeoThbeMIeMbIM HEJOCTATKOM OYMCTKH TAKUX CTOMHBIX BOZ B Ipouecce AKTHBHOTO
Wila B pe3epByape C HEMPEPbIBHBIM MUTAHUEM W NEPEMEIIMBAHUEM SABJIACTCA HeCcTaOHJILHOCTBL Mpolecca
B HEKOTOPOM MHTEpBaJie BPEMEHH BbIIEPXKH. B 0OCYyXIaeMBbIX HCCIIEOBAHUSX ITa HeCTaOWIbHOCTh
CBS3AIA C HAYAJBHBIMH KOHLEHTPAIMAMHU 3aIPA3HEHHH, C HEKOTOPBHIMU TApaMeTpamu Mpoliecca, a
Takke C MapaMeTPaMH MHUKPOOHOJIOIMYECKOH KHHETHKH.
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U3 Teopetmueckux paccysxaeHuii CIIENYET, YTO B ONPEACIEHHBIX Npeleax 3arps3HeHHii CBIPBIX
CTOYHBIX BOJ, y/IOBJIETBOPHB HEKOTOPBIM YCJIOBHSIM, MOHO H30eXaTh HECTaOMIILHOI paboThl peak-
TOpa. AHAaJM3y NOJBEPraJUCh CJIEYIOLIAE METOIbI: 1) MHTeHCHBHAs peLMpKyIsuMs cTOKa M3 BTOpH-
YHOTO OTCTOWHMKA, 2) NOABOA OHMOMACCHI M3BHE CHCTEMBI K BJIMBAIOIIUMCSl CTOYHBIM BOJaM, 3)
pa3baB/ieHHe MOJBEAEHHBIX CTOYHBIX BOJ MIIH BO/IONPOBOJHOH BOJOH, WJIM KOMMYHAJIbHBIMH CTO-
HBIMH BOJIAMH, HE CONEPXALlMMH HHIMOGHTOPHBIX Cy6CTpaToB, 4) HMMOOWIIM3anMs GHOMacchl Ha
HOCHTEJIC B pe3epByape akTHBHOro wia. OTMe4eHO, 4TO HauboJIee 30(EKTUBHBIM METOOM SIBIISIETCS
UMMOOUIH3aMs OMOMACCHI.
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