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Introduction

During its more than one-hundred-year history, activated sludge wastewater treatment has
become the most widely used technology in the field of municipal wastewater treatment, and
is also used in many places to treat industrial wastewater. During this time, the efficiency of
the process has been questioned several times and compared to other, newer technologies, but
due to the robustness and relative simplicity of the system, it has maintained its position to
this day.

Industrial wastewater that initially seems biologically undegradable can also be treated
biologically with great efficiency if the activated sludge is provided with the opportunity for
adaptation; the appropriate method and time. At the same time, the treatment of industrial
wastewater is always a unique and complex task, the planning, implementation and proper
operation of which require extremely diverse knowledge.

The main driving force behind my doctoral thesis was solving practical problems in order to
ensure clean water, while I wanted to draw attention to the wonders of activated sludge
wastewater treatment and its adaptability. The results of the experiments and observations I
conducted show, on the one hand, the enormous potential of biological wastewater treatment,
that almost nothing is impossible, as long as we provide the right conditions and time for the
microorganisms that carry out the biodegradation. On the other hand, they also highlight its
limitations, since the full optimization of the given technology at the operational level is in
vain if the technological load makes it impossible to further increase the purification
efficiency until the desired goal is achieved.

My goal was to propose design values for wastewater flows for which no or only few
recommended values could be found in the literature. I would like to believe that, thanks to
the publication of my experiences in this field, future professionals will no longer have to start
where I started but will be better able to focus on important issues affecting the future.

I also wanted to show that if activated sludge wastewater treatment alone is not able to
achieve an expected purification efficiency or target value in the purified water, it is not
necessary to select only the most modern and highest investment and/or operating cost
processes as an additional technological process, since a relatively simple physico-chemical
treatment can also bring extraordinary results that membrane technology processes, for
example, cannot even approach in the case of a given wastewater.

Methods

The biodegradability of a chemical used in gas sweetening processes (aMDEA) was
investigated, which was found to be undegradable based on the results of rapid
biodegradability tests (biochemical oxygen demand (BODs) measurements, oxygen uptake
rate measurements). The long-term study was carried out in a laboratory-scale, sequencing
batch reactor with an appropriate adaptation period.

The potential and limitations of reducing COD in the treated effluent in a full-scale activated
sludge coke oven wastewater treatment plant was also studied. The aim was to reduce the
COD below the industrial recommendation of 220 mg/1 from around 350 mg/I that time.



In the same coke oven wastewater treatment technology; in the light of six years of
operational and measured data, I searched for the actual load values above which the 220 mg
COD/1 in the treated water discharged could not be achieved without further post-treatment,
and below which it can be achieved.

Theses

Adaptation to non-biodegradable organic matter based on rapid biodegradability tests

I.1. I have determined that the wastewater stream containing 500 ppm aMDEA is classified as
non-biodegradable based on rapid biodegradability tests. Using an appropriate adaptation
strategy, activated sludge adapted to the pollutant is capable of the effective degradation of
the organic matter content of wastewater containing 500 ppm aMDEA on its own (COD
removal ~ 95%, treated wastewater CODiota1<50 mg/l, CODfiltered<20 mg/l, TOC<10 mg/1),
without the addition of any other wastewater stream, while phosphorus nutrients are provided,
at a load of 0.2 kg COD/kg MLVSS-d and 0.53 kg COD/m?-d.

I.2. I found that the wastewater stream containing 500 ppm aMDEA had no inhibitory effect
on nitrification (at a load of 0.2 kg KOI’kg MLVSS-d and 0.02 kg N/kg MLVSS d), as the
efficiency of nitrification did not deteriorate even temporarily after the first addition of the
tested wastewater to the reactor.

Limits of biodegradability in the case of activated sludge treatment of coke oven wastewater

II. T have demonstrated that the upper load threshold value for activated sludge treatment of
coke oven wastewater is 0.3 kg COD/m*-d and 0.05 kg COD/kg MLVSS-d. Above this range,
activated sludge technology operating at maximum treatment efficiency can achieve an
average effluent quality of 323-327 mg COD/I with a COD removal efficiency of 90-92% and
a TKN removal efficiency of 93-94% in the treatment of coke oven wastewater.

III. As design values for activated sludge coke oven wastewater treatment, a volumetric load
of 0.2 kg COD/m*>-d and a specific load value of 0.04 kg COD/kg MLVSS-d are
recommended, with which the activated sludge technology operating at maximum treatment
efficiency is capable of steadily reducing the COD in the treated water to below 220 mg/I with
94% COD and 96% TKN removal efficiency, resulting in an average effluent quality of 149
mg COD/I.



Limitations on further reduction of the chemical oxygen demand of biologically treated
coking wastewater

IV.1. I found that after biological treatment of coke oven wastewater, the COD remaining in
the treated wastewater cannot be reduced below 220 mg COD/1 from 352 + 18 mg COD/1 by
either microfiltration or ultrafiltration, as with microfiltration (0.45 pm) only 6-22% reduction
was achieved, and with ultrafiltration (0.025 um) only 2-27% reduction was achieved in the
chemical oxygen demand of the treated water. Based on the microfiltration and ultrafiltration
experiments performed, the COD remaining in the treated wastewater mainly consists of
dissolved (non-suspended) substances.

IV.2. I found that after the biological treatment of coking wastewater, the COD remaining in
the treated wastewater cannot be further degraded biologically, even by increasing the HRT,
as 82-96% of the initial dissolved COD remained after 4 weeks of inert COD measurements.

Further possibilities for reducing the chemical oxygen demand of biologically treated
coking wastewater

V. I have determined that, following the biological treatment of coking wastewater, the COD
remaining in the treated wastewater can be further reduced by 39 — 56%, i.e. safely below 220
mg/l, with a chemical dose of 0.5 ml/l FeCls and 0.4 ml/l NaAl(OH)4:

e from 354 + 35 mg COD/1to 171 £ 16 mg/l , and

e from 181 + 7 mg/l to 110 £ 4 mg/l.
This opens up the possibility of reusing the treated coke oven wastewater in coke production.
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