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THE EFFECT OF ACTIVATED SLUDGE LOADING WITH
COPPER ON THE SECONDARY WASTEWATER TREATMENT

The paper presents the results of investigations on the effect of activated sludge loading with
BODsand copper on secondary wastewater treatment, in which the most recent methods were employ-
ed. The influence of copper on the effluent concentrations of organic carbon, organic hydrogen,
and organic nitrogen on the values of dichromate COD, permanganate COD as well as on the
composition of activated sludge biomass and its enzymatic activity were determined and the copper
cumulation in the biomass was defined. The results may be used in design of industrial secondary
treatment plants.

1. INTRODUCTION

The rapidly increasing development of the industry creates the necessity of continuous
studies in order to establish the methods of wastewater treatment, most efficient from
technological and economical view-points. The activated sludge process has been widely
applied in treatment of industrial wastewaters.

To establish an optimal course of this process wide technological and biological investi-
gations should be performed. The investigations conducted so far in many scientific
centres have usually a technological or ecological character. In the recent years, however,
a series of publications have appeared [20], [31], [39], [43], [44] which stated that in order
to characterize finally the course of activated sludge the essential factors should be treated
as a composite unity.

The investigations undertaken in the present work were to establish the effect of acti-
vated sludge loading with copper on the course of biological wastewater treatment and
on the activated sludge biomass, employing the most recent methods of analytical control.
To this end the experiment was performed in two steps. The influence of activated sludge
loading with pollutants expressed in BOD;s on the efficiency of copper-containing waste-
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water treatment was determined in the first step, whereas the influence of activated sludge
loading with copper on the effluent concentration of organic carbon, organic hydrogen,
organic nitrogen, dichromate COD, permanganate COD in the treated wastewater, and on
the change in the activated sludge biomass, its index, enzymatic activity, and the copper
cumulation in the sludge were determined in the second step from several month investi-
gations.

2. TOXICITY OF COPPER AND OTHER METALS IN BIOLOGICAL PROCESSES

According to many authors, toxicity is one of the least known but, at the same time,
extremely important problem in the domain of wastewater treatment [1], [91, [11], [16],
[33], [44], [45]. As an example we may mention the extremely wide range of concentrations
of toxic substances assumed by various authors to be admissible. It may be assumed that
this is due to different technological parameters of the process, as well as to the differences
in criteria used to evaluate the operation of the activated sludge. Very often biological
criteria are neglected by the authors who use solely physico-chemical indices, wich even-
tually leads to erroneous final results. The papers published recently ([8], [9], [18], and
[45]) have emphasized that the admissible doses of metals are very difficult to be established
and therefore they should be much more carcfully admitted than it was before. PooN:
and BHAYANNI [33] have stated that toxic effect of metals changes with the change of
biological species. They studied toxic effects of silver, copper, chromium, nickel, and
zinc in concentrations of 1-100 mg/dm® on bacteria and fungus Geotrichum candidum
living in water environment. It has been stated that silver and nickel are less toxic for
Geotrichum candidum than for wastewater bacteria and that the effects of chromium,
copper, and zinc are quite opposite.

JacksoN and BROWN [18] state that despite the investigations performed, there is
a great uncertainty as to the long-term effect of toxic compounds, even at low concentra-
tions. The laboratory results obtained by these authors allowed to determine the relation-
ship between the concentrations of a number of metals and organic compounds and
their effect on biocenosis.

Investigations carried out by BUCKSTEEG [4] have shown, for instance, that CuSO,
in concentration of 0.05 mg/dm? inhibited the BOD processes and that the concentrations
of other metals at which biodegradation processes were inhibited, ranged from 0.1 to 3.8
mg/dm3. According to PLACAK, RUCHHOFT and SNAPP [32] copper in concentration of
0.01 mg/dm? causes disturbances in biochemical processes. The effect of copper on the
course of biochemical process has been also observed by ScoTT [36] who reports that
the value of BOD is not representative at the concentration of copper as low as 0.1 m g/dm3.

DirecTo and MOULTON in [9] emphasize the lack of literature data concerning the
influence of variable factors, e.g. loading with organic substances or concentration of
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activated sludge in the aeration chamber, on the toxicity of the mentioned metal ions.
The investigations performed by these authors were to determine the course of biological
treatment at the large initial loadings with copper for different concentrations of activated
sludge in aeration chamber.

According to BARTH [3] 5 mg of copper/dm?® in wastewater affects the operation of
activated sludge to the same degree as twice greater loading of aeration chamber with
BOD. This author has not, however, examined biological criteria. Negative effect of copper
on the activated sludge operation has been chiefly observed in full inhibition of nitrification
processes.

According to ZAJACZKOWSKA [45] copper present in wastewater in concentration of
0.8 mg/dm? caused disturbances in nitrification processes and decidedly influenced the
deterioration of sedimentation conditions of the activated sludge. These observations
were confirmed by experiments in which Paramecium caudatum was used as the test orga-
nism. At the concentration of copper equal to 0.8 mg/dm? no living organisms were stated
as early as after 5 min. According to SKINNER and WALKER [37] salts of nickel, copper,
and chromium at concentrations lower than 1mg/dm? inhibit the growth of pure cultures
of Nitrosomonas europacea.

Many authors emphasize the sensibility of protozoans to toxic compounds ([20], [41],
[45]). SupA and AIBA [41] studied the effect of copper and chromium (IV) on the growth
rate of Vorticella microstoma, Calpidum campylum, and Opercularia sp. They determined
ionic concentrations of the mentioned metals at which the growth rate of protozoans
was reduced by one half. The concentrations of copper ions amounted to 0.25 mg/dm?,
0.32 mg/dm?3, and 0.27 mg/dm? for Vorticella microstoma, Calpidium campylum, and Oper-
cularia sp., respectively. The corresponding concentrations of chromium, 0.53 mg/dm?3,
12.9 mg/dm?3, and 20.29 mg/dm?, were higher which results from the toxicity series of
metals.

BARTLETT and RABE [2] conducted investigations on the influence of copper, zinc, and
cadmium on green algae Selanastrum capricornutum. Algicidal concentrations of copper,
zinc, and cadmium amounted to 0.30, 0.70 and 0.65 mg/ dm?3, respectively. Thus, copper
exhibited the most toxic effect. :

It appears that zinc in concentration of 0.7 mg/dm? acts as an algicide, while in concen-
tration of 0.1 mg/dm? it inhibits the growth of Selanastrum capricornutum.

Toxic effect of metals consists also in their cumulative ability. The papers concerning
the cumulation of heavy metals by various aquatic organisms are more and more frequently
encountered. The mechanisms of such a cumulation are not yet completely recognized.
KAGAN and SHTABSKII [19] distinguish three types of cumulation of toxic compounds:
material, functional, and mixed one.

According to this systematics, cumulation of heavy metals is classified among the
material type. This cumulation is characterized by the fact that the poison leaves the
receptor field in a chemically unchanged state and that the receptors regain the state in
which they are able to perform their original biochemical and physical functions.

The phenomenon of biocumulation found its practical application in biological ex-
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traction of precious metals present in small amounts in ores or waste materials. This
is especially important in the case of bacterial acumulation of uranium and silver [35].
The cumulation of metals by activated sludge is also used in removal of metals from
wastewaters ([28], [40], [42]).

2. EXPERIMENTAL

2.1. CONCEPT AND METHODS OF INVESTIGATIONS

Experimental part of the work was devoted to the analysis of the treatment process
of copper-containing wastewaters with activated sludge. For various BOD loadings and
various sludge loadings with copper, considering the efficiency of copper-containing
wastewater treatment, the most advantageous loading of activated sludge was chosen
and the effect of copper on the secondary wastewater treatment determined.

The investigations have been performed on a laboratory scale, using synthetically
prepared wastewaters, the composition of which corresponded to that of the average muni-
cipal wastewaters. At the first stage of the wastewater treatment the process was conducted
at the increasing loadings of the activated sludge with BOD and copper. In result of these
investigations it has been stated that the optimum loading of the activated sludge with
BOD — from the view-point of the process efficiency — amounted to 0.37 g/g- MLSS - day.
At the second stage of copper-containing wastewater treatment the process was conducted
at the constant loading of the activated sludge with BOD, equal to 0.37 g/g- MLSS-day,
and at increasing loading with copper. As a result the influence of copper on the course
of treatment process has been determined. Since the long-term effect of copper on secon-
dary treatment processes has been also established, the duration of the separate experimental
run amounted to about 2 months. Moreover, the range of admissible loading of activated
sludge with copper was defined.

At the first stage the following technological parameters were employed:
activated sludge. loading — 0.3—1.0 g/BOD;s/g-MLSS-day,
aeration tank loading with BODs — 900-3,000 g-BODs/m?-day,
average concentration of MLSS in aeration tank — 3000 g/m?,
concentration of copper in the inflow — 0.4-1.0 g/m>.

At the second stage these parameters were the following:
average loading of activated sludge — 0.37 g-BOD;s/g- MLSS-day,
aeration tank loading with BODs — about 1100 g-BODs/m?-day,
activated sludge with copper — 0.53-1.3 g/g-MLSS-day,
average concentration of MLSS in aeration tank — 2900 g/m?>.
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2.2 SCOPE AND METHODS OF THE ANALYTICAL CONTROL OF THE PROCESS

I STAGE OF INVESTIGATIONS

a. Physico-chemical indices

To estimate the course of biological treatment of copper-containing wastewater the
following pollution indices have been controlled: BODs, dichromate and permanganate
COD, ammonium nitrogen, nitrite nitrogen, nitrate nitrogen, organic nitrogen, pH,
temperature, and copper content. The above indices were measured and determined
according to HERMANOWICZ et al. [14].

b. Technological parameters

The following technological parameters of the process have been determined accor-
ding to GANCZARCZYK [13] and IMHOFF [17]: concentration of activated sludge in aeration
tank, dissolved oxygen content, settling ability of the sludge, sludge index of Mohlman,
hydraulic loading, aeration time, activated sludge loading with BODs, and aeration tank
loading with BODs.

c. Biological investigations

The investigations included macroscopic and microscopic observations of activated
sludge.

II STAGE OF INVESTIGATIONS

a. Physico-chemical indices

At this stage to estimate the course of copper-containing wastewater treatment the
following indices have been determined: organic carbon, organic hydrogen, dichromate
COD, permanganate COD, organic nitrogen, ammonium nitrogen, nitrite nitrogen,
nitrate nitrogen, pH, temperature, and dissolved oxygen content.

Organic forms of carbon, hydrogen and nitrogen have been determined by means
of elementary analysis on microanalyser Perkin-Elmer, model 240.

The remaining indices have been determined according to HERMANOWICZ at al. [14].

b. Technological parameters

The following parameters have been examined : loadings of activated sludge with BOD5
and copper, loading of aeration tank with pollutants, concentration of activated sludge
in aeration tank.

c. Biological and biochemical examinations

Biological analysis of activated sludge included macroscopic observations, measure-
ments of the sizes of flocks, and quantitative and qualitative analyses of activated sludge
organisms based on microscopic observations performed according to the method deve-
loped by Bozko. The following groups of organisms have been observed: Bacteriophyta,
Protozoa, Fungi, Rotatoria, Nematodes, Oligochaeta, and Arachnoides.
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The investigations included also the measurement of dehydrogenaze activity of acti-
vated sludge, according to the modified TTC method [22], [34], and determination of
copper cumulation in biomass by atomic spectroscopy method [35].

2.3. RESULTS

2.3.1. STAGE 1

I stage included the experiments aiming to choose the optimum loading of activated
sludge with BODj for the treatment of copper-containing wastewaters. The investigations
on the efficiency of the copper-containing wastewater treatment with activated sludge
have been conducted at sludge loading with BOD5 ranging from 0.3 to 1.0 g-BODs/g"
*MLSS-day and at the copper concentration in the inflow varying from 0.4 to 1.0 g/m?,
which corresponded to the loading of activated sludge with copper from 0.53 to 1.2 mg
Cu/g-MLSS-day.

The chosen range of copper concentrations was not an accidental range. The lowest
concentration corresponded to that causing no disturbance in the operation of activated
sludge, whereas the concentration of 1.0 g/m® was already toxic [45]. The experiment
included 13 runs differing in concentration of copper in the inflow and in loading of acti-
vated sludge with BOD;.

The detailed analysis of all the results from these runs allowed to state that at the
sludge loading amounting to 0.37 g-BODs/g- MLSS-day the treatment effects expressed
in BODs, dichromate and permanganate COD removal were the highest, and that for
the admissible concentrations of copper in wastewater the course of nitrification processes
was regular. Sedimentation of the activated sludge was satisfactory, the sludge volume
index was low (within the range of 100 ml/g) and therefore this loading has been recognized
to be optimal within the range of conventional loadings.

In view of the above fact it appeared necessary to perform further investigations in
order to determine the effect of activated sludge loaded with copper on the course of
secondary wastewater treatment for the selected optimal BODjs loading of activated
sludge. )

2.3.2. STAGE 11

II stage of experiments comprised determination of the effect of activated sludge
loading with copper on the process of wastewater treatment with activated sludge.

As already mentioned in section 2.1 the effect of activated sludge loading with copper
on the course of secondary wastewater treatment has been determined for the optimum
loading of activated sludge with BODs equal to 0.37 g/g- MLSS-day, which has been
chosen with respect to the efficiency of the process and biological criteria. Moreover,
the influence of the activated sludge — copper contact time on the course of the process —
has been also established.

The investigations at this stage were initially conducted at the activated sludge loading
with copper of 0.53 mg Cu/g-MLSS-day. This loading, according to the author’s own
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investigations and literature data [43-45], should not affect the process of secondary waste-
water treatment. Since, most usually the experimental runs last for two weeks, the problem
‘of a long-term effect of copper remains not explained. Therefore, the experiments in this
run were performed for about 2 months in order to get more information and to answer
the question whether a long-term action of copper on activated sludge is harmful. On the
average the removal of the basic pollution indices amounted to 90%, for organic carbon,
809 for organic hydrogen, about 809, for dichromate COD, and 849, for permanganate
COD.

Nitrification processes proceeded regularly. Decrease of organic nitrogen concentrations
amounted to about 60%, on the average. Fig. 1 presents the effluent organic carbon concen-
trations depending on the process duration. As it may be seen, the curve runs irregularly,
the dependence varies periodically. Deterioration of results occurring after 3 days may
be explained by adaptation of activated sludge to the interaction with copper. Thereupon
the results are improved, but at about the 26th day of experiment they deteriorate again
and this situation is repeated in 20-25 day intervals. The above described course of carbon
reduction is a result of a long-term interaction of copper and activated sludge.

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Process duration time,days

Fig. 1. Effluent TOC vs. process duration at the activated sludge loading with copper
of 0.53 mg Cu/g-MLSS-day
Rys. 1. Zalezno$¢ zawartoscei calkowitego wegla organicznego w $ciekach oczyszczonych od czasu trwania
procesu przy obcigzeniu osadu czynnego tadunkiem 0,53 mg Cu/g-s.m.-dzien

Apart from the above critical periods lasting for a few days, the results of wastewater
treatment for this range of the sludge loading with copper are good. The removal courses
for organic nitrogen, permanganate and dichromate COD have a similar character.

The nitrification processes at the given loading of activated sludge with copper ran
regularly. During the treatment 1st and 2nd phases of nitrification processes have been
observed. Removal of organic nitrogen amounted on the average to about 60%,.
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After all the results were analysed it has been stated that tBis loading is not toxic for
activated sludge. Therefore, the next series of experiments on a long-term interaction of
copper and activated sludge have been carried out at the copper loading equal to 0.7 mg
Cu/g-MLSS-day. The average removal percentage of separate pollution indices is lower
as compared to the previous runs. So, for instance, for TOC it equals 77%,, for organic
hydrogen — 73%,, for dichromate COD — 78 8%, for permanganate COD —809,, and for
organic nitrogen — 58%. Results of physico-chemical analyses made in this run are pre-
sented in fig. 2 which shows the effluent concentration of TOC.. Deterioration of the
effluent quality occurs in the time interval ranging from 2 to 12 days of experiment, the
second critical period takes place between 28-30 day. In general, the results are worse
when compared to the analogical curve presented in fig. 1 for the sludge loading with cop-
per equal to 0.53 mg Cu/g-MLSS-day.
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Fig. 2. Effluent TOC vs. process duration at the activated sludge loading with copper
of 0.7 mg Cu/g-MLSS-day
Rys. 2. Zalezno$¢ zawartosci catkowitego wegla organicznego w Sciekach oczyszczonych od czasu trwania
procesu przy obcigzeniu osadu czynnego tadunkiem 0,7 mg Cu/g-s.m.- dzien

Nitrification processes in this run are not disturbed. Removal of organic nitrogen is
pretty high, the increments of ammonium and nitrate nitrogen are smaller. The results
of physico-chemical analyses, despite some premises, do not indicate the toxicity of this
copper loading with respect to activated sludge. Hence, it has been decided that in the
next run the loading of activated sludge with copper will be increased up to 0.8 mg Cu/g:
*MLSS-day. In this run the results of analyses are, in general, not worse than in the pre-
ceding ones. They do not correspond to the values which ought to be obtained by treat-
ment of wastewater in activated sludge process within the range of sludge loadings and at
‘the average aeration time anounting to 6 h. This refers in particular to nitrogen compounds.
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Fig. 3 represents the dependence of the effluent TOC on the process duration. For the
discussed loading of activated sludge with copper the course of the curve is fairly soft,
the average percent of TOC removal amounts to about 76%, and that of organic hydro-
gen — to 70%.
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Fig. 3. Effluent TOC vs. process duration at the activated sludge loading with copper
of 0.8 mg Cu/g-MLSS-day
Rys. 3. Zalezno$¢ zawartosci catkowitego wegla organicznego w $ciekach oczyszczonych od czasu trwania
procesu przy obciazeniu osadu czynnego tadunkiem 0,8 mg Cu/g:s.m.-dzien

The values of permanganate COD in the effluent — except for the initial 3-4 days —
are more or less alike, ranging within 15.0-16.0 mg O,/dm?3, whereas the results of analyses
of nitrogen compounds are alarming. The concentration of ammonium nitrogen, consi-
dered to be the best source of biogenic nitrogen, was on the average by several miligrams
lower than in the former run; nitrite nitrogen occurs in trace amounts. The removal of
organic nitrogen in wastewater substantially dropped, being scarcely equal to 44%,, whe-
reas in former run it amounted to about 609,. The above results are indicative of distur-
bances in nitrification processes, being probably due to the overloading of activated sludge
with toxic compound, but the answer to this question should be given by the results of
biological and biochemical analyses which will be discussed later.

Fig. 4 represents the dependence of the sludge volume index on the process duration
at different loadings of activated sludge with copper.

Biological tests included — as given in item 2.2 — macroscopic and microscopic obser-
vations of activated sludge and characteristics of its biocenosis participating in the copper-
-containing wastewater treatment, based on the quantitative composition of the organisms.
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Fig. 4. Sludge volume index vs. process duration at different loadings of activated sludge with copper
Rys. 4. Wplyw indeksu osadu czynnego na czas trwania procesu przy roznych obciazeniach osadu czyn-
nego ladunkiem miedzi

The following groups of organisms have been determined: Bacteriophyta, Fungi,
Mastigophora, Ciliata, Rotatoria, Nematodes, Oligochaeta, and Arachnoides. Among
Bacteriophyta Spirillum, Sphaerotilus, and Zooglea genera have been distinguished. To
illustrate fully the influence of activated sludge loading with copper on the course of
purification process, the biomass enzymatic activity and copper cumulation in the acti-
vated sludge have been measured in all the experimental runs.

Enzymes are a group of proteins particularly important from biological view-point,
being the catalysts of a living cell. Many enzymes may get more or less intoxicated due
to the influence of some substances. Blockade of respiratory enzyme by cyanides and
heavy metals is the known example of such an intoxication ([21], [30]). In the experiments
a dehydrogenaze activity of activated sludge was determined.

Fig. 5 represents the dependence of dehydrogenaze activity of the activated sludge
on the process duration for various sludge loadings with copper. From the dependence
presented it is easily seen that a long-lasting contact with copper, even at a low copper
loading, the activity of the biomass at the end of the run dropped by about 309, with res-
pecf to the initial one. Much interesting results have been obtained while determining
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the cumulation of copper in biomass. In the experimental runs at the loading of 0.53 mg
Cu/g-MLSS-day, copper cumulation in biomass amounted to 1.3 mg Cu/g-MLSS after
28 days and to 2.45 mg Cu/g-MLSS after 51 days, at the end of experiment.
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Fig. 5. Dehydrogenaze activity of activated sludge vs. process duration at different loadings of activated
sludge with copper
Rys. 5. Wplyw aktywnosci dehydrogenazy osadu czynnego na czas trwania procesu przy roznych obciaze-
: niach osadu czynnego tadunkiem miedzi

In the experimental run at the loading of 0.7 mg Cu/g-MLSS copper cumulation in
biomass after 33 days and 51 days was as high as 2.2 mg Cu/g-MLSS and 3.3 mg Cu/
g-MLSS, respectively.

The results obtained are not numerous due to the much complicated analytical methcds
and to the application of the unique outfit. High accuracy of results allows, however, to
formulate some conclusions. The results obtained from physico-chemical, technclogical,
and biochemical measurements have been analysed by interpolation with the polynomial
of N order.

3. DISCUSSION

The investigations conducted allowed to determine the changes occurring in the course
of secondary wastewater treatment with activated sludge and in the composition of its
biocenosis evoked by the presence of copper. The optimal technological parameters have
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been established for the treatment of copper-containing wastewater. This may find a prac-
tical application, especially in the copper mine region.

The results obtained in the present work have explained, among others, such essential
problems, as the influence of a long-term presence of copper, the effect of activated sludge
loading with BOD; and copper on the course of treatment process and on the composition
and development of activated sludge biomass, and allowed to determine the limiting loa-
dings of activated sludge with copper. The assumed loading of activated sludge with organic
pollutants, ranging within 0.3-0.4 g BOD; g/g-MLSS-day proved to be optimal from the
view-point of the process efficiency expressed in the removal of basic. pollution indices,
as well as considering the biomass composition of the activated sludge. The fact that very
high loadings of activated sludge promote the dominance of bacterial forms characterized
by disadvantageous sedimentation properties and that flocculent forms readily under-
going sedimentation prevail at the medium loadings was confirmed by the literature data
[23].

The results obtained during several month experiments have allowed to formulate
some essential conclusions which should be taken into acconut in design of secondary
treatment plants for this specific type of wastewater. The intervals of activated sludge
loadings with copper have been chosen, basing on all the criteria according to which
the operation of activated sludge could be characterized. One of the assumptions made in
this paper was to emphasize the importance cf such a parameter as the loading of acti-
vated sludge with specific compounds. The notion of permissible concentration of toxic
compound in activated sludge, encountered in the literature, may only give an information,
i.e. what amount of the given compound falls to the wastewater volume unit. The only
criterion that gives a complete information in the case of wastewater treatment with acti-
vated sludge is its loading with toxic compound, the amount of the latter being given in
grams per one gram of dry matter and day.

Summing up, it should be stated that for a complete estimation of the efficiency of waste-
water treatment proceeding in time, it is necessary to perform the complex technelogical and
biological tests of the activated sludge. The complete estimation and control of the treat-
ment process — as already stated — should take account of and interconnect all the accom-
panying phenomena and changes in physico-chemical properties of the wastewater being
treated, technological parameters of the process, and composition of the activated sludge.
The measurement of the enzymatic activity of biomass by the TTC test is much essential,
as its result is closely connected with the population of bacterial flora [34].

4. CONCLUSIONS

1. The investigations performed have confirmed the known opinion, namely, that the
activated sludge loading with organic pollutants is a decisive technological parameter
affecting the efficiency of the treatment process and development of the given biocenosis
of the sludge.
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2. In results of the experimental secondary treatment of copper-containing wastewater
(0.4-1.0 mg Cu/dm?3) it has been stated that the loading cf activated sludge with 0.37 g
BODs/g-MLSS-day assures high treatment effects (expressed in BODs, dichromate COD
and permanganate COD removal), a correct course of nitrification processes of the first
and second phases, and a good sedimentation of the sludge.

3. Loading of activated sludge with metal compounds should, in every case, be preced-
ed by detailed technological tests, because of inhibitory effets of metals on enzymes, in
particular, on the respiratory ones. As it follows from the investigations performed, the
permissible loading of activated sludge with copper should range within 0.5-0.6 mg Cu/g*
-MLSS-day. It has been recognized as a limiting loading, since it assures good effects of
treatment, appropriate development of biocenosis, and adequately high activity of the
activated sludge. In the case of a long-term action of copper, the loading of 0.8 mg Cu/g-
-MLSS-day should be considered dangerous, because of its disadvantageous effect on the
structure and settling properties of activated sludge and its contribution to the reduction
of the number of species.

4. It has been stated that the changes in the effluent concentrations of organic carbon,
organic hydrogen, permanganate COD, and dichromate COD during copper-containing
wastewater treatment process take a regular course. The values of the above indices vary
periodically; after 3-4 days of the process the results of treatment are deteriorated due
to the acclimatization of activated sludge to the operation conditions (copper); therecupon,
the results improve, giving satisfactory effects of treatment, and deteriorate again after
3-4 weaks. The latter is probably due to the fact that the cells damaged by copper are exclud-
ed from the process and create a secondary pollution.

5. Long-term toxic effect of copper, even in very small amounts, is more dangerous
for the activated sludge than a short-term high loading of the activated sludge with copper,
because of its cumulative ability. Therefore, the secondary treatment of copper-containing
wastewater should be preceded by technological, biological, and biochemical tests conduc-
ted for several months. A two-week period assumed by some scientists for a series of
experiments is not reliable when the admissible loadings are to be determined.

6. In the case of copper-containing wastewater treatment with activated sludge, the
culture of the latter should be conducted in special tanks operated in parallel to the regular
aeration tanks, since due to the micrebial ability of copper cumulation the sludge should
be exchanged after several months of a continuous operation.
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WPLYW OBCIAZENIA OSADU CZYNNEGO EADUNKIEM MIEDZI
NA BIOLOGICZNE OCZYSZCZANIE SCIEKOW

W pracy przedstawiono wyniki badan nad wplywem obcigzenia osadu czynnego tadunkiem miedzi
i BZTs na biologiczne oczyszczanie $ciekow przy zastosowaniu najnowszych metod. Oznaczono wplyw
miedzi na stezenie organicznego wegla, organicznego wodoru i organicznego azotu oraz na warto$é utle-
nialnosci (dwuchromianowej i nadmanganianowej), jak rowniez na sktad biomasy osadu czynnego i jego
aktywno$¢ enzymatyczng. Okreslono kumulacj¢ miedzi w biomasie. Wyniki mozna stosowaé przy ‘projek-
towaniu biologicznych oczyszczalni $ciekéw przemystowych.

EINFLUSS DER BELEBTSCHLAMMBELASTUNG MIT KUPFER
AUF DIE BIOLOGISCHE ABWASSERREINIGUNG

Der Beitrag beinhaltet die Ergebnisse von Untersuchungen — unter Einbeziehung modernster Ana-
Iytik — zur Belastung des Belebtschlamms mit Kupfer und BSBs und deren EinfluB auf die biologische
Abwasserreinigung. Bestimmt wurde der EinfluB des Kupfers auf die Konzentrationen des organischen
Kohlenstoffs, des organisch gebundenen Wasserstoffs, des organischen Stickstoffs, sowie des chemischen
Sauerstoffbedarfs; desweiter auf die Zusammensetzung der Biomasse sowie deren Enzymaktivitit. Bes-
titigt wurde die Anreicherung des Kupfers in der Biomasse. Die hier dargelegten Erwégungen sollen der
Projektierung von industriellen Abwasserreinigsanlagen dienen.
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BJIUSAHUE HAT'PY)XXEHAU AKTUBHOI'O MJIA 3ATIACOM MEIU
HA BHUOJIOTUYECKVYIO OUYUCTKY CTOYHBIX BOJ

B paboTe NpHBEAEHBI PE3yJbTATHl HCCIEAOBAHHM BIIHSHHS HAUPYXKEHHs AKTHBHOTO HJa 3amacoM
Memu 1 BITKs Ha 6MONOTMYECKYIO OMHCTKY CTOYHBIX BOJ. IPH NPHMEHEHHHM HOBeHmmMX MeTomoB. Ormpe-
JIeNIeH0 BIMsAHAE MEIU Ha KOHLEHTPAIMIO OPraHMYECKOrO YIJis, OPraHHYeCKOTO BOAOPOAA, a TaKXe Ha
3HaYeHHE OKHC/IAEMOCTH (OMXpPOMAaTHOM M IEPMAHTaHATHOM), a TakXkKe Ha COCTaB OGHOMACCHI aKTHBHOIO
H7a ¥ ero (epMEHTATHBHYIO aKTHBHOCTb. Onpezeriena KyMy Isius Meau B 6nomMacce. Pe3ysibTaTel MOXKHO
IPAMEHATh NPH NPOEKTHPOBAHMM CTAHLMK OGHOJOTHYECKOM OYMCTKH NPOMBIILICHHBIX CTOYHBIX BOJ.



