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CHANGES OF THE QUALITY OF ACTIVATED SLUDGE DURING 

THE BIOLOGICAL TREATMENT OF LANDFILL LEACHATE 

The effect of chemically pretreated landfill leachate on the properties of activated sludge has been 

investigated. The leachate was pretreated by a two-stage method consisting of coagulation and oxida-

tion. The mixture of pretreated leachate (from 2.5 to 15 wt. %) and municipal wastewater was fed into 

a bioreactor. Results of the studies showed that the pretreated leachate contributed to the dispersion of 

the activated sludge flocs. As a result, a very low value of volume index (30 cm3/gTS) and a significant 

turbidity of supernatant liquid were observed at the same time. The dispersion phenomenon was also 

confirmed by floc size distribution. An increase of the amount of small and very small flocs was ob-

served.  

1. INTRODUCTION  

The most common method of treatment of municipal wastewater in Poland is biolog-

ical processing using aerobic activated sludge. This method is also used in the treatment 

of various kinds of industrial wastewater susceptible to biological degradation [1–3]. 

Moreover the aerobic activated sludge effectively treats the mixture of domestic and 

industrial wastewater (in the case of discharging of industrial wastewater into drains and 

purifying them at a municipal wastewater treatment plant).  

The aerobic activated sludge method is based on the intensification of the process 

of self-cleaning surface waters. Organic contaminants are mineralized by microorgan-

isms belonging to activated sludge flocs. Nitrogen and phosphorus compounds are re-

moved from wastewater during nitrification, denitrification and dephosphatation pro-

cesses. These processes are also conducted by microorganisms. The flocs of activated 

sludge are agglomerations, mainly consisting of bacteria, ciliates, flagellates, rotifers, 
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and fungi, wherein the bacteria are the main factors purifying wastewater (Pseudomo-

nas, Acinetebacterium, Zooglea, Enterobacteriae, Micrococcus) [4–8]. 

Characteristics of activated sludge, the composition of their biocenosis, the size and 

shape of the flocs, and also the surface area value depend on the composition and type 

of raw wastewater to a large extent, as well as on the treatment technology (system of 

aeration, sedimentation conditions, way of pursuing recirculation of sludge, i.e. sludge 

pumping conditions), etc. [8–10]. Inflow of industrial wastewater to the treatment sys-

tem can cause various kinds of disruptions of treatment plant operation, and also nega-

tively affect the quality of activated sludge flocs. The dispersive growth of microorgan-

isms is one of the phenomena that may occur and increase of amount of bacteria unable 

to bioflocculate be observed. It is characterized by a large number of free-floating bac-

teria. They flow out of the treatment plant with purified wastewater, because they do 

not sediment in secondary settling tank. Another negative effect of industrial wastewater 

flow is the phenomenon of sludge bulking. There are two types of the sludge bulking: 

filamentous and non-filamentous. The filamentous bulking is caused by excessive 

growth of filamentous forms of bacteria [11–13]. The non-filamentous bulking, charac-

terized by a decrease of cohesion and the density of flocs, causes that the density of 

flocs is similar to that of water (difficulties with settling of that flocs are observed). Ye 

et al. [11] demonstrated a significant impact of the C/N ratio on the floc size and volume 

index. They showed that a rapid decrease and rapid increase in the value of C/N ratio 

caused a reduction of average floc size and an increase of the volume index. As a result, 

the deterioration of settling properties was observed. Thus, unfavorable value of C/N 

ratio (which can occur in industrial wastewater) significantly affects the characteristics 

of the activated sludge. Furthermore, the impact of pollutants contained in industrial 

wastewater can cause rapid dispersion of flocs (the phenomenon of “pin-point floc”). 

At this time, an average size of floc is decreasing significantly, and the flocs, smaller 

than 20 μm, begin to predominate in activated sludge. Simultaneously, high turbidity of 

treated sewage and a very low value of sludge volume index are observed [14]. Moreo-

ver, industrial wastewater may contain different kind of specific substances, which can 

be toxic to microorganisms of activated sludge. As a result, their growth and their re-

production are inhibited [15, 16]. 

Landfill leachate is the industrial wastewater containing various kinds of com-

pounds which can affect biological treatment. It is characterized by a high concentration 

of nitrogen and salinity. Moreover, an unfavorable value of C/N ratio can be observed. 

Furthermore, leachate can also include adsorbable organic halides (AOX), which are 

classified as almost non-biodegradable substances. 

In the work, the influence of chemically pretreated landfill leachate on characteris-

tics of activated sludge in a biological treatment system has been investigated. Moreo-

ver, the changes of activated sludge floc size, floc shape coefficient and the volume 

index were determined.  
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2. METHODS 

The pretreatment process of the leachate has been chosen in the preliminary stud-

ies, conducted by the authors at the Department of Water and Wastewater Technology 

of Silesian University of Technology. During the studies, the leachate from “young” 

municipal landfill (at the age of 5 years was treated. The leachate was pretreated by 

using a two-step chemical process. At the first stage, a coagulation process was carried 

out. Then chemical oxidation using hydrogen peroxide was conducted. PIX 110-10 

was used as a reagent during coagulation in the dose of 1.7 g/dm3. The coagula-

tion/flocculation process was conducted in a conventional jar-test apparatus (Floccu-

lator SW1) equipped with 6 beakers 1 dm3 in volume. The parameters of the process 

are given in Table 1.  

T a b l e  1 

Parameters of the first stage of two-step chemical pretreatment process. 

Coagulation by PIX 110-10 

Dose of  

PIX 110-10 

[g/dm3] 

Fast mixing  Flocculation  
pH  

of flocculation 
Time 

[min] 

Speed of mixing 

[rpm] 

Time 

[min] 

Speed of mixing 

[rpm] 

1.7 1 200 20 35 5.0 

 

H2SO4 was used to adjust pH of the leachate, as pH of the raw leachate was approx-

imately 7. After 30 min of settling, the supernatant liquid was oxidized, with 1 g of 

H2O2/dm3 at pH 3.0 (H2SO4 was used as well). This process was conducted in beakers, 

each in volume of 1 dm3, equipped with magnetic stirrers at the speed of 250 rpm.  

T a b l e  2 

Parameters of the second stage of the chemical pretreatment process.  

Chemical oxidation 

Dose of H2O2 

[g/dm3] 
Initial pH 

Reaction time 

[min] 
Final pH 

1.0 3.0 60 8.5 

 

After the oxidation, pH of the leachate was increased up to 8.5 using NaOH  

(Table 2). It was mixed for 30 min to decompose residual hydrogen peroxide. Charac-

teristics of the raw and pretreated leachate are shown in Table 3. During the first three 

weeks, a biological system was being fed by the raw municipal wastewater (without 

pretreated leachate). Municipal wastewater and activated sludge were collected from 

the same treatment plant. After adaptation of activated sludge to the laboratory condi-

tions, the main experiments were carried out.  
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T a b l e  3 

Characteristics of municipal wastewater, raw and pretreated leachate 

Wastewater 
COD 

[mg O2/dm3] 

BOD5 

[mg O2/dm3] 

Ntotal 

[mg N/dm3] 

Ptotal” 

[mg P/dm3] 

N-NH4 

[mg N/dm3] 

Municipal 273.0–567.7 79.0–282.3 42.6–61.2 6.3–10.2 20.4–39.1 

Raw leachate 3087.6–3136 350–500 2150–2625 36.4 1029–2300 

Pretreated leachate 2156.2–2509.6 100.2–132.3 1778–1870 5.0–5.6 1600–1680 

 

The pretreated leachate was mixed with municipal wastewater in the proportions 

resulting from the volumetric share of leachate. This mixture was used to feed the bio-

logical treatment system (Fig. 1). During the tests, the volumetric share of leachate in 

influent mixture was gradually increasing from 2.5 up to 15 vol. %. 

 

Fig. 1. Scheme of the biological treatment system of pre–treated leachate:  

1 – tank of raw wastewater, 2 – inflow of raw wastewater, 3 – bioreactor,  

4 – magnetic stirrer, 5 – aeration blower, 6 – secondary settling tank,  

7 – outflow of treated wastewater, 8 – sludge recirculation, 9 – tank of treated sewage 

A bioreactor was aerated with a blower and its contents was mixed with a magnetic 

stirrer, in order to maintain an uniform concentration of dissolved oxygen in the whole 

its volume (in the range of 1.5–2.5 mg O2/dm3). To obtain a suitable concentration of 

activated sludge in the aeration tank (3.0–4.0 g TS/dm3), an external recirculation of 

sludge from the secondary settling tank was carried out (by a peristaltic pump). The 

wastewater was fed to the reactor by a peristaltic pump. The flow rate of wastewater 
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equaled 3.0 dm3/d. The hydraulic retention time of the mixture of wastewater and leach-

ate equaled 1.5 d, and the external recirculation rate was 100% flow. 

During the studies, a control of characteristics of activated sludge was carried out, 

consisting of: 

 estimation of dissolved oxygen in the bioreactor using oxygen meter Oxi 538 by 

WTW, 

 estimation of the volume index based on settling properties after 30 min and on 

the concentration of activated sludge [17], 

 measurement of the floc size and the coefficient of floc shape by the microscopic 

method [18]. 

During the measurement of the floc size, the probe of activated sludge was collected 

by pipette with a hole at the end to prevent the deformation of the flocs. In each case 

50 flocs were measured. During the control of the sludge, four probes were made and 

the observations were carried out in 28 fields of view. The average size of the activated 

sludge flocs ASf is the arithmetic mean of the 50 measured floc sizes Sf  

 
50

f

f

S
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  (1) 

The size of an individual floc was determined as the arithmetic mean ratio of its 

length Lf to width Wf. The length was defined as the largest dimension of the floc and 

the width – the smallest dimension perpendicular to the length.  
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   (2) 

The coefficient of floc shape ShC was defined as the ratio of the length to width 

 
f

f
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W
   (3) 

The average coefficient of the floc shape AShC was calculated as the arithmetic 

mean of the 50 measured sludge flocs 

 
50

ShC
AShC 


  (4)  

where: ASf is the average floc size, µm, Sf – the size of individual floc, µm, ShC – the 

coefficient of floc shape of an individual floc, Lf  – the length of an individual floc, µm, 

Wf  – the width of an individual floc, µm, AShC – the average coefficient of floc shape. 
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3. RESULTS AND DISCUSSION 

Raw leachate had a high COD, related to the content of organic matter and nitrogen 

compounds, mainly ammonia nitrogen. However, the content of organic matter (BOD5) 

was relatively low. According to the landfill age, the value of BOD5/COD ratio in leach-

ate should be approximately 0.5. In the case of the leachate under examination, the 

BOD5/COD ratio was in the range of 0.11–0.15. This indicates that the leachate con-

tained primarily organic compounds which were hardly or non-biodegradable. After the 

pretreatment process, the values of COD and BOD5 decreased by 20–30 and 71–74%, 

respectively. However, the content of nitrogen compounds decreased slightly (only by 

18%), while the concentration of phosphorus significantly changed (by 85–86%). The 

pretreated leachate was characterized by a relatively high COD, related to large amount 

of organic matter and nitrogen, particularly ammonium nitrogen. In the case of raw mu-

nicipal wastewater used in the study, the concentration of organic compounds was typ-

ical of that kind of wastewater. However, it was characterized by a relatively high con-

tent of biogenic compounds (Table 3). 

 

Fig. 2. Changes of average floc size, volume index and coefficient of floc shape during the study 

The addition of pretreated leachate to wastewater resulted in a significant reduction 

of the volume index (Fig. 2). When only raw municipal wastewater (without addition 

of leachate) flew into bioreactor, the volume index value was approximately 90 cm3/gTS. 

Thus, the sludge was characterized by normal settling properties. The addition of the 

first dose of pretreated leachate (2.5 vol. % of leachate in the wastewater inflow) re-

sulted in a decrease of the volume index (it increased to a value of 70 and then even up 

to 30 cm3/gTS). In the following days of the experiments, the values of this parameter 

still had a decreasing trend, as the share of leachate was increased. However, this de-

crease was not as significant as during the first days, and the volume index varied in the 
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range of 12–30 cm3/gTS. Low values of the volume index may indicate a considerable 

dispersion of activated sludge flocs. Thus, a part of flocs settled very rapidly, while an-

other ones were floating in the supernatant liquid [18, 19]. That phenomenon was observ-

able as a visible turbidity of supernatant liquid. However, the measurements of average 

floc size did not indicate a significant breakdown of flocs. The average size of flocs was 

very similar, in the range of 60–80 µm. The decrease of the floc size was observed only 

in last few days of the study, when the share of leachate was 15 vol. % in the mixture 

flowing into the bioreactor (average floc size was approximately 50 µm) (Fig. 2). 

A decreasing trend of the average coefficient of shape of the activated sludge flocs 

AShC was observed all over the study. During the adaptation period, the AShC reached 

3. This proved, that elongated flocs were the most common forms occurring in the 

sludge. In the first day of feeding the bioreactor by the mixture of municipal wastewater 

and leachate (volume share of the leachate equaled 2.5 vol. %) it reached the value 

of 2.6. During the following days (when the leachate share remained 2.5 vol. %) the 

AShC decreased to 2.3 and then it remained almost constant (in the range of 2.2–2.5). 

A significant reduction of the AShC (up to 2.0) was observed only at the final stage of 

the experiment (on 42nd day of study). Therefore, it can be concluded, that slightly 

elongated shapes of flocs dominated in activated sludge for vast majority of experiment. 

It is proved by the values of that coefficient, which were close to 2.3. Within certain 

ranges of share of leachate, it was also observed, that values of AShC and volume index 

showed common trends (Fig. 2). This could indicate, that the increase of the amount of 

elongated flocs can cause a deterioration of the settling properties of the sludge. In con-

trast, a decreasing value of the AShC indicated an occurrence of flocs more similar to 

the oval, which were characterized by better settling properties. As the result, a decrease 

of volume index was also observed. Furthermore, a common trend of the average floc 

size and average coefficient of floc shape was observed, when the share of leachate in 

feeding mixture was 15 vol. %. It can be concluded that small flocs had their shape more 

similar to oval, while the large flocs were more elongated. 

 

Fig. 3. Frequency distribution of flocs of various sizes  

during the study (from 1st to 13th day of the research) 
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Fig. 4. Frequency distribution of flocs of various sizes  

during the study (from 15th to 27th day of research) 

 

Fig. 5. Frequency distribution of flocs of various sizes  

during the study (from 31st to 50th day of the research) 

Based on the measurement of the average floc size ASf, an analysis of its distribution 

was carried out (Figs. 3–5). That analysis showed significant changes of floc size of 

activated sludge. The frequency of larger flocs gradually decreased as the dose of the 

pretreated leachate in the mixture feeding bioreactor was increased. Moreover, at the 

same time, an increasing number of small ones was noted. When the leachate share in 

mixture feeding bioreactor was in the range from 2.5 to 7.5 vol. %, flocs larger than 

100 μm disappeared. When the volume share of leachate was 15.0 vol. %, flocs smaller 

than 90 μm mainly occurred. The amount of agglomerates smaller than 60 μm gradually 

increased during the study. Initially, when the share of the leachate did not exceed 5 vol. % 
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number of the flocs smaller than 50 μm increased up to more than 70% of the total 

amount of measured flocs. In addition, at the final stage of the study (day 31st), very 

small size flocs (smaller than 20 μm) were observed in the sludge. The negative impact 

of pretreated landfill leachate on the flocs’ structure was proven by the gradual frag-

mentation of sludge flocs. This dispersion confirmed that the phenomenon of “pin-point 

floc”, previously established based on the measurements of the volume index, occurred. 

Decreasing value of C/N ratio in wastewater flowing into the bioreactor could be the 

reason of fragmentation of sludge. The content of nitrogen compounds in leachate was 

much higher than its concentration in municipal wastewater. Therefore, upon increasing 

volume share of the leachate in feeding wastewater, the decrease of C/N ratio was ob-

served. At the beginning of experiments, the C/N ratio was approximately 5, and at the 

end it decreased even up to 0.14 (when the volume share of the leachate was 15 vol. %). 

Despite small flocs consisting the activated sludge, it is able to purify wastewater 

effectively. However, the technological exploitation of the treatment plant where this 

phenomenon occurs, can cause problems. An outflow of activated sludge from the treat-

ment system may be observed. It is connected with low settling properties of very small 

flocs, which density is similar to the density of water. It may cause difficulties in main-

taining a constant mass of activated sludge in bioreactors because uncontrolled outflow 

of flocs with the purified wastewater occurs. In addition, the activated sludge flocs con-

tain contaminants that have been removed from the wastewater during the biochemical 

treatment processes causing the exceeding of acceptable values of pollutants in treated 

wastewater. 

4. CONCLUSIONS  

The study showed a significant impact of chemically pretreated landfill leachate (by 

a coagulation and oxidation with hydrogen peroxide) on the structure of activated 

sludge. Based on the study, the following conclusions can be concluded: 

 Increasing the volume share of the leachate caused a gradual reduction of the 

amount of large flocs (larger than 60 µm) and increase in the number of small and very 

small ones (smaller than 30 µm). 

 The inflow of the pretreated leachate into biological treatment system caused 

a rapid decrease in the value of the volume index: it equaled 30 cm3/gts when the volume 

share of the leachate was 2.5 vol. %. 

 When the rapid sludge settling process occurred, a significant turbidity of supernatant 

liquid was observed (caused by flocs of a very small size). 

 The maximum allowable volume share of the chemically pretreated leachate in 

the feeding mixture should not exceed 5 vol. % to avoid the dispersion of flocs.  
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 The method used to pretreat the landfill leachate did not allow one to obtain an 

expected effect. The maximum permissible volume share of the raw leachate was also 

5 vol. %. 
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