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1. Introduction

The problem of treatment leachate of municipal solid
waste (MSW) dumps and MSW landfills exists throughout
the periods of design, operation and planned closure of these
facilities. It should be noted that most of the MSW storage fa-
cilities in Ukraine are essentially dumps, not landfills. Unlike
the MSW dumps, MSW landfills are engineering structures.
They are equipped with a protective anti-filtering screen,
leachate and biogas collection and disposal systems, a system
of technical and biological remediation of garbage-filled land
lots, a system of collection and removal of conditionally clean
atmospheric water. In most cases, all these systems (or most of
them) are absent at Ukrainian sites of MSW collection.

At the stage of designing up-to-date MSW landfills, an
innovative technology of treatment of leachate collected by
drainage systems is used. Productivity of this technology
corresponds to the design productivity. During operation, pri-
orities in choosing a leachate treatment system depend on the
history of operation and the technical state of the leachate col-
lection system. The problem consists in the choice of a leach-
ate treatment system at the stage of closing the MSW dumps
for which the often uncontrolled leakage of filtrates has led to
their significant accumulation in storage ponds. The problem
is especially acute for Ukraine, because of a large number of
the MSW dumps that require their closure for a long time.
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Efficiency of treatment of such leachates was studied
using the Hrybovytsky (Lviv, Ukraine) MSW dump as
an object of leachate study. Leachate of the Hrybovytsky
MSW dump is formed in the garbage body as a result
of infiltration of atmospheric precipitation, run out of
groundwater at the sides of ravines and as a result of
complex biochemical processes of decomposition of the
organic part of the garbage.

The problem of depositing leachate of the Hrybovytsky
MSW dump is complicated by the following factors:

— existence of large volumes of leachate (about 100,000 m®)
because of its accumulation in six storage ponds for a consider-
able period of time;

— necessity of to dispose of leachate in a relatively short
time because of the acute need to free up the areas occupied
by the leachate storage ponds. The ponds are located in the
zone of leveling the land slope for the planned technical re-
mediation of the land under the Hrybovytsky dump.

In solving the problem of eliminating the ecological dan-
ger caused by leachate of the Hrybovytsky dump, two stages
should be distinguished:

1. Treatment of the accumulated leachate to enable real-
ization of the project of remediation of the land occupied by
the MSW dump.

2. Treatment of the leachate which will be formed in the
body of the MSW dump for decades after land remediation




as a result of biological processes of decomposition of the
organic garbage component.

These stages fundamentally differ in terms of volumet-
ric flow rate of the leachate that will come for treatment,
physicochemical characteristics and the stage duration. It is
ineffective to envisage the same technology for realization of
both stages. The reasons for this are technological (impossi-
bility to provide full loading of equipment and its efficient
operation) and financial (significant over-expenditure) as-
pects. A similar situation is observed at other MSW dumps
in Ukraine which require land remediation.

Therefore, development of an effective energy- and re-
source-saving technology for treatment of leachate of MSW
dumps and landfills is an urgent task. As a result of introduc-
tion of such technology, the danger of environment pollution
with leachate will be decreased and the conditions for reme-
diation of the land occupied by MSW dumps will be created.

2. Literature review and problem statement

An overview of the most promising technologies recom-
mended in Ukraine [1] and widely tested abroad was made
to select an optimal strategy for minimizing environmental
hazard of the Hrybovytsky MSW dump.

Wide application of leachate treatment by the technolo-
gy of reverse osmosis [2] to treat leachates of MSW landfills
collected by drainage systems is observed worldwide. This
technology ensures a high degree of treatment. The treated
leachate can be disposed in the surface water basins and
the resulting concentrate (about 10-20 %) is returned to
the body of the dump. Disadvantage of this technology is
significant capital costs for setting in operation of the unit
and operating costs to ensure its functioning. Hence appli-
cation of this method is promising for treatment of constant
leachate flows from the dump body. Use of this technology to
treat large leachate volumes accumulated in storage ponds is
unprofitable and inefficient.

As early as the 1990s, there was information on the
prospects of electric-plasma treatment of leachate [3, 4]. The
technology was characterized as attractive both for the cost
of implementation and for the quality of treatment. However,
because of its technological complexity, this technology has
not yet found a broad industrial application.

The technologies of evaporation and drying as well as
chemical binding of leachates require evaporation of large
amounts of water. As they require significant energy costs,
these technologies are unacceptable for processing large
volumes of leachates accumulated in storage ponds of the
MSW dumps.

Anaerobic treatment of leachates is a promising technol-
ogy [5] as the treatment process is accompanied by an addi-
tional biogas production. Authors of work [6] have shown a
promising use of successive anaerobic (UASB reactor) and
aerobic (aerated lagoon) stages of leachate treatment. It
was established that the total degree of treatment in such a
system from ammonia nitrogen after the aerobic stage can
reach 99.6 % and the degree of reduction of COD is 66-94 %
(57-87 % after anaerobic stage and 3570 % after an aerated
lagoon). However, a significant disadvantage of the anaero-
bic process of leachate treatment is sensitivity to changes in
temperature and pH as well as to various toxic substances
contained in leachates [7, 8]. Under the conditions of an
alternating chemical composition of leachate which differs

for different storage ponds of the Hrybovytsky MSW dump,
industrial realization of this technology is problematic in its
realization.

Authors of [9] suggest a comparative assessment of various
methods for implementation of anaerobic and aerobic technol-
ogies of leachate treatment (UASB technology, ASBR tech-
nology, MBBR technology, MBR technology, aerated lagoon).
According to this analysis, the largest (95 %) removal of COD
from dump leachates was achieved in aerated lagoons.

Application of sorption technologies using natural sorbents
or sorbents prepared from vegetable raw materials can be prom-
ising for treatment of leachates from heavy metals [10].

In our opinion, based on the above analysis, the treat-
ment technology in an aerobic medium under the conditions
of aerated lagoons [11-15] is the most promising for treat-
ment of the Hrybovytsky dump leachate. Analysis of the
known information on its industrial application abroad sug-
gests that this technology can be effectively applied at the
first (preliminary) stage of treatment of the Hrybovytsky
dump leachates. After preliminary treatment, the leach-
ates can be sent to municipal wastewater treatment plants
(WWTP) for additional purification. Before sending to the
WWTP, it is expedient to dilute the filtrates with municipal
sewage at a ratio which would ensure stable operation of the
city WWTP.

Authors of [11, 12] point out the prospects of application
of aerobic methods in treatment of MSW landfill leachates.
Microbial communities present in sewage treatment systems
are well adapted to the destruction of complex organic com-
pounds in a wide range of waste flows. Aerobic biocenosis
can be activated in the systems for treating MSW landfill
leachates, and treatment with its help has a number of
advantages over the anaerobic systems. These advantages
include low cost of construction of sewage treatment plants,
flexibility of their operation, ability to quickly change treat-
ment modes, easy start-up of the units, ease of maintenance
and convenience for automation. One of the most technically
simple methods of aerobic treatment of the MSW landfill
leachates is establishing the aerated lagoons equipped with
mechanical, pneumatic or jet aerators. Treatment proceeds
by chemical and biological oxidation. For implementation
of the method of aerated lagoon on an industrial scale, it is
necessary to previously establish the necessary time of the
leachate staying in the lagoon and the intensity of aeration
in an experimental way [12].

Work [13] shows the results of successful use of an
aerated lagoon for treatment of leachates of the Bryn
Posteg (Wales) MSW landfill launched in 1982. From July
1983 until January 1986, the 1,000 m® volume aeration
lagoon treated about 26,000 m® leachates which averaged
900 m?/month or 30 m?/day. Maximum daily influx of leach-
ate was 150 m®. The bottom and walls of the lagoon were
covered with a waterproof polyethylene membrane. The
lagoon was equipped with two floating surface aerators of
11 kW each. The period of leachate treatment in the aerated
lagoon was, as a rule, not less than 10 days, the process was
carried out almost in a completely automatic mode [13].
Sewage treated in the aerated lagoon was re-pumped by an
automated sewage pumping station (SPS) in a 3-km long
pressure pipeline into the sewer collector and then arrived at
small rural Llanidloes WWTP. After joint treatment with
household wastewater, the backwater was discharged into
the Severn Poway’s River of a fishery type of water usage in
which salmon is bred.



As a typical example of use of aerated lagoons for treat-
ment of “old” leachates, treatment station of the Bell House,
England, MSW landfill put into operation in 1995 may be
mentioned. The results of systematic study of parameters of
this station during the period from May 1999 to December
2000 are given in [14]. The treatment process proceeded in
four consecutively connected aeration lagoons with a total
volume of 254 m?. The leachate was aerated for 4—6 hours a
day with the help of blowers and aeration pipes laid on the
lagoon bottom. The leachate flow to the treatment station
varied in a very wide range of 1.0 m® to 22.1 m*/day or about
11 m*/day on average. Accordingly, the time of hydraulic
holding of leachate in the complex of four lagoons varied
from 254 days to 11.5 days or 23 days on average. The average
leachate temperature during the study period corresponded
to the air temperature and was 13.5 °C while the average
temperature of the “raw” leachate before its feeding to the
lagoon No. 1 was markedly higher: 16.7 °C [14]. The value
of the leachate COD at the entrance to the lagoon system
during the observation period varied in the range from 800
to 3,400 mg O,/dm?®. The total effect of treatment for COD
expressed as a percentage of its input value was 75.5 %. The
average concentration of ammonium nitrogen in the leach-
ates of the Bell House MSW landfill obtained during the
study period was 965 mg/dm?, the total effect of removing
ammonium nitrogen was 99.0 %. For 30 months, the average
value of BOD; for the leachates at the entrance was 3,700 mg
0,/dm? while it was 18 mg O,/dm? for the purified leachate
that is, the average effect of filtrate treatment for BOD, was
99.5 %. The COD of leachates at the entrance to the aerobic
lagoon averaged 5,500 mg O,/dm? with maximum values in
the summer months up to 15-20 g O,/dm?. Average value of
COD at the exit of 153 mg O,/dm?® was obtained. That is,
the effect of treatment for COD exceeded 97 %. The aver-
age content of ammonium nitrogen in the entering leachate
was 130 mg/dm® during the study period, in the range of
400-500 mg/dm? in the summer months and the maximum
value was 600 mg/dm?3. The leachate temperature in the
aerated lagoon varied from 0-7 °C in winter to 5-15 °C in
spring and autumn and to 15-22 °C in summer. The lagoon
even froze and thickness of ice was several inches but a high
quality of the leachate treatment was obtained already in
2-3 weeks after melting of ice. In general, authors of [14]
stated that the aerated lagoon worked effectively even at low
leachate temperatures. Humidity of the sediment resulting
from treatment varied in the range of 96.5 to 97.35 %.

The experience of using biological methods for leach-
ate treatment in cold climatic conditions of Norway is
described in [15]. Informative is the statistics that as of
1995, 35 out of 365 Norwegian MSW landfills simply
dropped “crude”, not treated leachate, into sewage net-
works and less than 10 MSW landfills used biological
treatment systems. Work [15] describes in detail the study
of operation of the Esval Treatment Park biological treat-
ment station which takes leachate from the Esval MSW
landfill of a total area of 5 hectares located 50 km north-
east of Oslo. The average January temperature in this area
is =7 °C, the average annual height of the precipitation lay-
er is 800 mm. The Esval Treatment Park treatment plant
put in operation in 1993 includes 4 stages of biological
leachate treatment:

1) anaerobic treatment in a 400 m® tank;

2) treatment in a 4,000 m® aerated lagoon;

3) treatment on two parallel artificial filter wetlands
with an area of 400 m? each;

4) treatment in an artificial filter wetlands with a free
surface area of 2,000 m?.

The volumetric flow rate of the leachate coming for
treatment varied from 30 to 300 m?/day at an average value
of 120 m?/day. Thus, the average hydraulic retention time
of leachate in the aerated lagoon was 33 days. The leach-
ate was saturated with air with the help of three floating
aspiration propeller aerating mixers of AIRE-O2 type of
2.6 kW each [15]. The average COD of the “raw” leachate
was 1,260 mg O,/dm?. This indicator decreased to an aver-
age of 1,180 mg O,/dm? after the anaerobic stage and up to
380 mg O,/m? after the aerated lagoon.

From the analysis of the results of field studies, it can be
concluded that treatment of leachate in an aerated lagoon (or
in sequentially connected lagoons) is a simple, low-cost and
sufficiently effective method of preliminary leachate treat-
ment. The achieved degree of leachate treatment [13—15] is
acceptable for further treatment at municipal wastewater
treatment plants.

3. The aim and objectives of the study

This study objective was to establish features of imple-
mentation of the technology of two-stage treatment of the
MSW dump leachates. The first stage is preliminary treat-
ment in aerated lagoons and the second stage is the addition-
al treatment at WWTP.

To achieve this objective, the following tasks had to be
solved:

— determine the nature of variation of concentration of dis-
solved oxygen and pH in the process of biological aerobic treat-
ment of leachates of the Lviv MSW dump from pollutants;

— determine in a dynamic mode the effect of time of hold-
ing in the reactor and temperature on kinetics of biological
aerobic treatment of the Lviv MSW dump leachates;

— investigate in a static mode the effect of ratio of dilu-
tion of leachate with municipal sewage on kinetics of treat-
ment of leachate at municipal WWTP;

— investigate in a dynamic mode stability of observance
of treatment indicators in time in the process of treatment of
leachates at municipal WWTP.

4. Materials and methods used in the study

4. 1. Simulation of preliminary treatment of leachates
of MSW dumps in an aerated lagoon

Aerobic treatment studies were carried out under lab-
oratory conditions with the help of the unit (Fig. 1) which
simulated conditions of the aerated lagoon, according to the
following procedure [16]. A flask was filled with the filtrate
of the Hrybovytsky MSW dump taken from the storage
pond in an amount of 4 liters. Air was blown to the lower
part of the flask with the help of laboratory aerator at a flow
of 4.210° m?3/s. Initial parameters of the leachate: concen-
tration of dissolved oxygen (C,): 1.87 mg/dm? pH: 8.64;
concentration of ammonium ions: 900 mg/dm?; chemical
consumption of oxygen: 11,000 mg O,/dm?.

Concentration of dissolved oxygen was measured by a
portable oxygen sensor senslon6™, Canada, concentration



of ammonium nitrogen was determined photometrically by
the procedure of [17]. To determine chemical oxygen de-
mand, a known method was used [18], pH was determined
potentiometrically using a portable pH/ISE/mB/°C meter
of senslon™2 brand, Canada.

Fig. 1. Scheme of the experimental unit used in the study of
aerobic treatment of leachate

The leachate was aerated in a continuous mode. The
studies of leachate treatment in the static mode were con-
ducted at a constant temperature of 20 °C. At the stage of
the static mode, the maximum degree of leachate treatment
was set which can be achieved in the process of aerobic bio-
logical oxidation under experimental conditions [16]. After
a certain period of time, samples were taken and the above
parameters were determined.

The studies in the dynamic mode were conducted at
variable parameters depending on the purpose of a particular
study series. In the course of studies in the dynamic mode,
a definite portion of leachate was poured from the flask at
certain intervals of time and replaced with the same portion
of fresh leachate. The dynamic mode simulated treatment
in situ conditions when fresh leachate is constantly fed
into the aerated lagoon and the treated leachate is taken
to the next stage of preliminary treatment. Each series of
dynamic studies included adding of fresh leachate, taking
off treated leachate, sampling and analysis of samples until
constant values were achieved during three days and then
the next mode was studied. Determination of dependence
of the treatment efficiency on temperature is important for
realizing the dynamic stage of treatment in real conditions.
Therefore, the treatment modes were tested under thermo-
statically controlled conditions (13 °C, 20 °C and 30 °C).

The microscope of the MIN-8 model (St. Petersburg,
Russia) was used for biocenosis studies. Specimens taken
from the leachate treatment system after 15 days of treat-
ment in the aerobic mode were photographed at x900 mag-
nification.

4.2. Simulation of treatment of leachate from the
MSW dump at the municipal WWTP

The study of the stage of additional treatment of the
Hrybovytsky MSW dump leachate was carried out at an ex-
perimental pilot unit (Fig. 2) which was mounted at the Lviv
wastewater treatment plant. The unit included a 1.2 m inter-
nal diameter aeration model reactor 1 made of polyethylene
with a tubular aerator 2 installed at its bottom. Air was sup-
plied from the existing compressor station. Concentration of
dissolved oxygen was set the same as in the actual facility

and controlled by a portable electronic oxygen meter. The air
flow was regulated using the valve 3 on the supply pipeline.
Leachate in an amount of 1 m® was taken from the storage
pond No. 5 of the Hrybovytsky MSW dump and delivered
to the Lviv WW TP were the experimental unit was located.

‘Wastewater

1.8 m
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1.45m

\ @12m \

Fig. 2. Schematic view of the experimental unit for the study
of additional treatment of the Hrybovytsky MSW dump
leachate at the Lviv WWTP: model aeration reactor (1);

tubular aerator (2); valve (3)

To start the unit, a mixture of sewage with activated
sludge was delivered to the study site. This mixture was
poured into the experimental aeration unit and a calculated
amount of leachate was added to obtain mixtures corre-
sponding to the following dilution degrees: 10; 500; 1,000;
1,250; 1,500. A mixture of sewage with activated sludge was
added to the reactor until a total volume of 1.64 m® was ob-
tained. After that, samples were taken for chemical analysis
and the unit was switched on. Each cycle of static studies
lasted for 6 hours. At the end of the air supply, a sample of
the mixture of leachate with sewage and activated sludge in
a volume of 1.5 dm?® was taken for chemical analysis.

Treatment of the mixture of sewage with leachate was
studied in a dynamic mode in the experimental aeration
unit (Fig. 2) under constant aeration conditions. Two model
primary setting tanks equipped with circulation pumps
and control valves were connected by a pipeline system to
the unit reactor. The primary model setting tank No. 1 was
intended for the mixture of sewage with leachate, and the
primary model setting tank No. 2 contained sewage without
leachate. During eight day hours, the mixture of sewage
and leachate was evenly added to the aeration unit from the
tank No. 1. After 8 hours of feed of the sewage and leachate
mixture, the process of the aeration tank operation was sim-
ulated for 16 hours without addition of leachate. The treated
sewage from the experimental aeration unit was fed into the
model secondary setting tank. Supply of sewage from the
primary setting tanks was switched between the No. 1 and
No. 2 tanks with the help of ball valves. Thus, operation of
WWTP was simulated in real conditions: in the daytime
when besides the municipal sewage, leachate was fed to them
for additional treatment and at other times, when the sewage
inflow was reduced and only municipal sewage was treated.

It should be noted that the above-described studies were
carried out using the Hrybovytsky MSW dump leachate
without any preliminary treatment. In the case of the imple-
mentation of the stage of additional treatment of leachate,



indicators of the second stage of treatment should be signifi-
cantly improved.

5. Composition of the Lviv MSW dump leachate

The average chemical composition of the Lviv MSW
dump leachate is presented in Table 1. It should be noted
that similar composition of leachate (with slight differenc-
es depending on local conditions) is characteristic for all
Ukrainian MSW dumps.

Table 1

on stability of operation of these facilities and on the value of
the sludge index for biocenose of wastewater treatment plant
was investigated.

6. 1. The study of the static mode of preliminary treat-
ment of leachate in an aerated lagoon

Fig. 3, 4 show interpretation of the data obtained in the
studies of aerobic biological treatment in the static mode [16]
in the experimental unit shown in Fig. 1. Results of microbi-
ological analysis of biocenosis inactivated in the conditions
of an aerated lagoon are presented in Fig. 5
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and COD. The described studies were directed precisely to
treatment from these contaminants.

Table 1 also indicates how leachate composition varied
depending on the sampling time. Apparently, this was be-
cause of non-stationarity of the biodegradation processes,
the varying degree of leachate dilution with atmospheric
precipitations in the storage ponds, external temperature,
variability of filtration flow parameters, etc.

6. The study results

Below is a summary of the results of a complex of studies,
both those performed earlier [16] and those supplemented
later with new data. The purpose of additional studies for
the stage of preliminary treatment of leachate in aerated
lagoons was to establish the type of microbiological culture
enabling biological treatment of leachate, and the effect of
temperature on efficiency of biological treatment of leachate
in an aerated lagoon. For the stage of additional treatment of
leachate at sewage treatment facilities, influence of leachate

Fig. 4. Kinetics of aerobic biological treatment of
leachate from ammonium ions and organic contaminants
in the static mode

Fig. 5. Microorganisms detected in
leachate after 16 days of aeration

6. 2. Investigation of a dynamic mode of preliminary
treatment of leachate in a model aerated lagoon

The results of study of aerobic biological treatment in a dy-
namic mode in the experimental unit are shown in Table 2 [16].



Table 2

The results obtained in the study of aerobic biological treatment of leachate in a dynamic mode in the experimental unit [16]

o b | Tt oo | pn | coonmgin | conmam
250 16 583.09 9.38 3.90 5,534.7
350 11.5 585.47 9.42 3.87 5,536.4
400 10 584.19 9.37 391 5,535.2
500 8 615.81 9.21 3.95 5,487.1
Influence of the process temperature on kinetics of bi- (COD)M —(COD)ﬁn .
ological aerobic treatment of the Lviv MSW dump leach- Ecop = -100%, 3

ate in a dynamic mode was studied on the experimental
unit (Fig. 1) according to the procedure described above.
The flask-reactor was placed in thermostatic conditions
where constant study temperature (13 °C, 20 °C, 30 °C)
was maintained throughout the study period. As a criteri-
on of influence of temperature on treatment dynamics, the
change of relative concentration of ammonium nitrogen
(N) in the filtrate was taken which was determined by
formula

_ C(NH,~N)in .
C(NH,-N),,’ W
where C(NH,—N), and C(NH,—N);,, are respectively initial
and final concentrations of ammonium nitrogen in the leach-
ate that is treated. Dependence of the change of relative con-

centration of ammonium nitrogen in leachate on the process
temperature is presented in Fig. 6.
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Fig. 6. Kinetics of the change of relative concentration of
ammonium nitrogen in leachate vs. process temperature:
13°C (1), 20 °C (2) and 30 °C (3)

6. 3. Study of the static mode of leachate treatment at
the municipal WWTP

The values of input concentrations of ammonium nitro-
gen ions and the values of COD for various ratios of leachate
dilution with municipal wastewater M (10; 500; 1,000;
1,250; 1,500) were established. Dependence of the effect of
treatment of the sewage/leachate mixture from ammonium
ions and the dynamics of reduction of contamination by
COD on these ratios of dilution was investigated.

The treatment effects E . and E,,,, were determined by

dependences (2) and (3): e
E _ C(NH4 _N)in _(NH4 _N)fin 100% (2)
N C(NH,-N) >

(con),

where (COD),, and (COD),,, are initial and final values of
COD, respectively.

The dependence of the effects Ey and E,,, on the ratio
of dilution found in the analysis of the studies of treatment
of leachate in the static mode carried out at the municipal
WWTP are shown in Fig. 7.
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Fig. 7. Dependence of the effects of treatment of leachate
and municipal sewage mixture from ammonium ions (1) and
COD (2) on the ratios of leachate dilution ratio M

6. 4. Investigation of the dynamic mode of treatment
of leachate at municipal WWTP

Stability of maintaining the treatment indicators in time
in the process of leachate treatment at municipal WW TP
in the dynamic mode was judged by variation of the sludge
index and stability of the values of the effects of treatment
from pollutants. The dynamics of setting of activated sludge
in the process of long-term continuous treatment of a mix-
ture of leachate and municipal sewage was investigated.
Ratio of leachate dilution with municipal sewage M=500
was taken.

7. Discussion of the study results

7. 1. Analysis of the results of study of the stage of
preliminary treatment of leachate in the aerated lagoon

Analysis of the results obtained in the studies of aerobic
biological treatment in the static mode carried out on the
experimental unit [16] shows that during the 16-day cycle,
it was possible to achieve almost a 2-fold reduction in COD
and more than a 3-fold decrease in concentration of ammo-
nium ions. This is the maximum possible degree of treatment
for the studied conditions. However, it is not feasible to set
an objective of treatment to these maximum levels in real




conditions because of significant material and energy costs
involves. That is why it has become necessary to carry out
the following studies of preliminary treatment of leachates
in the aerated lagoon in a dynamic mode.

During the entire cycle of studies, the solution pH as-
ymptotically increased from 8.64 to 9.47.

The microbiological analysis (Fig. 5) has shown that the
leachate that was treated contained a wide spectrum of mi-
crobiological aerobic culture which differs from the culture
of the activated sludge present at the municipal WWTP.
Composition of this culture and the laws of its development
require additional studies. Probably, the extrema of concen-
tration of dissolved oxygen in the leachate (the 1°* and the
9™ day) are associated with the periods of inactivation of
this biocenose.

Investigation of leachate treatment in the aerated lagoon
showed that the optimum time of keeping the leachate in
the reactor is 10 days. In this case, 35 % treatment of leach-
ate from ammonium ions and 50 % reduction of COD was
achieved. As the data given in Table 2 show, in the case of
reducing the time of filtrate staying in the reactor to 8 days,
efficiency of treatment from ammonium ions decreased to
31 % although the degree of purification for COD remained
practically the same. Therefore, ultimately, the optimum
time of the leachate staying in the reactor should be deter-
mined on the basis of a technoeconomic study of the leachate
treatment technology as a whole.

As can be seen from Fig. 6, kinetics of variation of rel-
ative concentration of ammonium nitrogen in the leachate
largely depends on the temperature of the process of biologi-
cal aerobic treatment. Therefore, to implement the two-stage
technology of the dump leachate treatment in aerated la-
goons and at municipal WW TP, it is necessary to adjust the
modes of implementation of individual processes depending
on the ambient temperature. With the decrease in the ambi-
ent temperature, it is necessary either to increase the time of
leachate staying in the aerated lagoon or increase the ratio of
leachate dilution with municipal sewage.

7.2. Analysis of the results obtained in the study of
the stage of additional leachate treatment at municipal
WWTP

Static studies have established that of all studied dilu-
tion ratios, concentration of ammonium nitrogen in the mix-
ture exceeded the limit norm for discharge into the sewage
system only in the case of leachate dilution ratio of M=10.
Therefore, this ratio of dilution is unacceptable for the use in
actual treatment processes.

As can be seen from Fig. 7, the maximum value of effect
of treatment from both ammonium ions and COD is achieved
at the value of the ratio of dilution of leachate with munic-
ipal sewage M=1,000. It should be noted that in the case of
additional treatment of the previously treated leachate in
the aerated lagoon, this dilution ratio will be even smaller.
Therefore, multiplicity of dilution of leachate with municipal
sewage in excess of M=1,000 is inappropriate in practice.

The studies of the stage of leachate treatment at munici-
pal WWTP carried out in a dynamic mode have established
that since the fourth day of study, the activated sludge
settled more slowly and became homogeneous which gives

grounds for concluding its partial suppression. However,
the value of the sludge index until the end of the study did
not exceed the limit permissible for operation of municipal
wastewater treatment plants, i.e. 130 ¢cm®/g. Probably, a
longer time is necessary for a full adaptation of the activated
sludge biocenosis at the municipal WWTP. Besides, effi-
ciency and stability of the process of additional treatment
at municipal WW TP will improve significantly in the case
of realization of the stage of previous leachate treatment in
conditions of aerated lagoons.

In the process of realization of a dynamic mode of ad-
ditional treatment, stability of the values of the effects of
treatment from ammonium nitrogen and for COD was also
observed. This indicates the possibility of efficient addi-
tional treatment of the MSW dump leachates at municipal
wastewater treatment plants.

Thus, as a result of the studies, optimal parameters of
fulfillment of all stages of the proposed technology were
established. This will make it possible to predict fulfillment
of industrial processes of the dump leachate treatment.
However, every MSW dump is characterized by its own
composition of leachate. Therefore, the study results require
adaptation for each individual dump. The presented results
are the beginning of a systematic study in this scientific field.
In the future, it is necessary to establish dependence of the
technology implementation parameters on the type of leach-
ate and the features of its additional treatment at treatment
facilities of various types. It is also important to study the
ways of intensifying the treatment processes.

8. Conclusions

1. For the static mode of studies of preliminary leachate
treatment in an aerated lagoon, the pH of the solution mo-
notonously increased from 8.64 to 9.47 throughout the study
cycle. For the concentration of dissolved oxygen in the leach-
ate, extrema (on the first and the ninth days) were observed
which may be connected with the periods of inactivation of
biocenosis which provides biological treatment of the leach-
ate under aerobic conditions.

2. In the biological aerobic treatment of the Hrybovytsky
MSW leachate from pollutants in a dynamic mode, the opti-
mal time of leachate staying in the reactor was 10 days. The
change in the relative concentration of ammonium nitrogen
in the leachate largely depends on the process temperature,
so for implementation of a two-stage technology of treat-
ment of the MSW dump leachates in aerated lagoons and
at municipal WW TP, it is necessary to adjust the modes of
realization of individual processes depending on the ambient
temperature.

3. For treatment of leachate at municipal WWTP in a
static mode at the values of the ratio of leachate dilution with
municipal sewage M=1,000, the maximum effect of treat-
ment from both ammonium ions and the COD was achieved.

4. For treatment of leachates at municipal WWTP in a
dynamic mode, stability of indicators of treatment in time
has been achieved. The value of the sludge index did not
exceed the limit value acceptable for operation of municipal
WWTP until the end of the study.
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