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Abstract. Wastewater treatment loadings with total nitrogen can increased by introducing fugate that is saturated with
ammonium ions, generated when dewatering wastewater treatment sludge. In this article the possibility to reduce the
concentration of ammonium ions in the fugate by the use of natural zeolite (Transcarpatian clinoptilolite) has been
analysed. Lab-scale experiments were carried out with different particle sizes zeolite: 0.8-1.6 mm, 1.6-2.5 mm and
2.5-3.2 mm. At the first stage of the experiments, zeolite particles were mixed with fugate and left to settle until a
99% efficiency of ammonium ion removal was achieved. At the second stage, ammonium ions were removed from
the fugate by filtering this liquid through zeolite where the 70-92% efficiency was achieved. Zeolite saturated with
ammonium jons possibly can be used in agriculture as nitrogenous fertilizers. Obtained fertilizer grade of zeolite satu-
rated with fugate can also be produced from the high ammonium nitrogen concentration side-streams separated from
wastewater flow from sludge digestion processes.

Keywords: sludge fugate, ammonium ion concentration, removal efficiency, zeolite, wastewater treatment.

Introduction

Urban wastewater treatment is a high priority environ-
mental issue of and a very important task in the area is
the reduction of nitrogen and phosphorus loads (Farkas
et al. 2005; Cheng et al. 2011). The removal of mentioned
pollutants in wastewater treatment units is affected by the
composition of the initial wastewater, i.e. the higher the
concentrations of nitrogen and phosphorus in the waste-
water, the more complicated it is to meet the required
threshold values (Fig. 1). The loading of wastewater treat-
ment units with total nitrogen can be increased by using
fugate enriched with ammonium, which has been gener-
ated when dewatering sludge by means of centrifuges that
have been returned to the starting link of the wastewater
treatment unit (Constantine 2006; Thornton et al. 2007).
The ammonium concentration in the sludge liquor is often
between 500-1500 mg NH,*-N/L, e.g. high sludge thick-
ening prior to digestion increases the ammonium concen-
tration Gustavsson 2010).

In this case the ammonium ions that are present in
the sludge fugate can increase the concentration of the to-
tal amount of nitrogen to be treated by more than 25%
(Thornton et al. 2007). However, the pollution of the

influent wastewater with ammonium ions burdens the
processes of biological removal of both the nitrogen and
phosphorus from the wastewater (Vaboliené et al. 2007).
In order to reduce the higher concentration of NH,*, an
older activated sludge (approximately 20 days) is needed,
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Fig. 1. The main nitrogen compounds transformation processes
at WWTP: 1 - gaseous nitrogen fixation, 2 — decomposition

of organic material, 3 — assimilation, 4, 5 - nitrification, 6 —
nitrite oxidation, 7-10 - denitrification (Gustavsson 2010)
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but this does not provide favourable conditions for the
removal of phosphorus. High concentrations of NH_*, in
bioreactors and digestion systems inhibit the activity of
methanogenic bacteria and prolong the period of diges-
tion (Calli et al. 2005; Tada et al. 2005; Wang et al. 2010).

Vilnius wastewater treatment unit treats 100,000 m?
of wastewater, which equals 660,000 inhabitants equiva-
lent. In addition wastewater treatment sludge is generated,
which is thermally treated, digested and dewatered by cen-
trifuges. Technological processes of biological wastewater
and sludge treatment are presented in Figure 2.

In scientific literature it is recommended that sludge
liquor generated by dewatering the digested sludge should
be treated separately before it is returned to the wastewa-
ter treatment link (Gustavsson 2010). Sludge liquor can be
treated by employing sorption or biological (ANAMMOX)
methods. Biological ANAMMOX processes require complex
treatments and depend on the period of adaptation as well as
on the variability of temperature (Monballiu et al. 2013; Zek-
ker et al. 2014; Bao-Shan Xing et al. 2015), and due to which
it is suggested that sorption processes are more appropriate
(Vassileva, Voikova 2009; Karapinar 2009).

The aim of the experimental study described in this
article, is to analyse the concentration of the fugate satura-
tion with ammonium ions of the dewatered sludge in the
Vilnius wastewater treatment plant and to reduce the pollu-
tion by either stirring or filtering the sludge liquid through
the natural zeolite particles of various sizes. The zeolitic ma-
terials are often used in scientific investigations, mostly due
to their crystallinity, thermal stability, catalytic, sieve and
ion exchange properties, as well as the well-defined cage
structure of molecular size (Rozi¢ et al. 2000; Kurama et al.
2002; Du et al. 2005; Miladinovic, Weatherley 2008; Sileg
et al. 2010). The most widely used natural zeolite is clinopti-
lolite (simplified formula (Na, K) Si, Al O, -24H,0), whose
K and Na forms are highly selective for ammonium ions,
independent of NH,* concentration (Lebedynets et al. 2004;
Inglezakis 2005, Sileg et al. 2010).The advantages of the cl-
inoptilolite are: low cost, high selectivity towards the am-
monium ions in the presence of other concurrent cations
in the wastewaters and wide spreading in nature (Jafarpour
et al. 2010; Ivanova et al. 2010).

The sorption process was chosen because the zeolite
that absorbed ammonium ions can be used as fertilizer in
agriculture (Rehakova et al. 2004).

1. Materials and methods

The samples of sludge liquid after dewatering (25 L of to-
tal samples volume) from Vilnius biological wastewater
treatment plant were transported to the laboratory of the
Water Management Department of Vilnius Gediminas
Technical University (Lithuania). The temperature of the
liquor samples, pH, and the concentrations of ammonium
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Fig. 2. Conventional technological processes of biological
wastewater and sludge treatment

ions and of suspended solids were measured in the labora-
tory by using of standard approved methods (ISO, EN and
LST). The concentration of TSS (total suspended solids)
was determined by using a filtering method described in
the regulatory document LAND 46-2007 “Water quality.
Determination of suspended solids. A filtering method
using a fibreglass filter”. Vacuum filtering equipment; fi-
breglass filter with pores of 0.45 pum; drying unit with a
temperature of 105 °C; analytical scales (precision 0.1 mg)
were used. The concentration of total suspended solids was
determined 3 times in each sample. To determine the con-
centration of ammonium nitrogen, “MerckSpectroquant,
1.00683.0001 Ammonium test” test which determination
limits are 5.0-150 mg/L NH,*-N, and a spectrophotom-
eter “Genesys 10 Vis” (wave length 190-1100 nm) were
used. Samples with bigger than 150 mg/L NH,*-N were
diluted with distilled water (1:10; 1:100 and 1:1000 dilu-
tion) and the concentration of ammonjum nitrogen was
determined accordingly. The studies of NH,*-N concen-
trations in the samples were carried out by using natural
zeolite (Table 1), a Transcarpatian clinoptilolite (its miner-
al content was found to be about 87%) of aluminium-sili-
cate origin, which adsorbs high quantities of ammonium
(Sakalauskas, Valentukevic¢iené 2003; Sprinsky et al. 2005;
Mazeikiené et al. 2008; Valentukevic¢iené, Rimeika 2007;
Saltah et al. 2007).

The zeolites contain channels, interconnected cavities
or voids of a discrete size (0.4-0.6 nm). The micropores
that exist between particles and accompanying materials
in the natural zeolites can be occupied by different ions.
Previous work in Lithuania observed that this method is
an efficient way to achieve ammonium sorption at low
cost (Valentukeviciené, Jankauskas 2004). Zeolite fractions
(particles of 0.8-1.6; 1.6-2.5; 2.5-3.2 mm size) were se-
lected using calibrated sieves. Before the filtration run all
zeolite was washed with distilled water in order to remove
small particles and dried in an oven at a temperature not
exceeding 105 °C. The drying took 2 hours.
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Table 1. The physico-chemical properties of natural zeolite used
in this study

Physical properties Chemical content

Index Component %
Sio, 715
Porosity 34%
ALO, 13.1
) Fe,O 0.9
Density 2.37 kg/dcm’®
FeO 0.78
TiO, 0.2
Humidity 4%
MnO 0.03
i CaO 2.1
Conditional 160 m/g
surface MgO 1.07
i PO 0.03
Me.chamcal 150 kg/em? 2~s
resistance K,0 2.85
Na,O 2.25
Attrition 4%
Loss on 5.19
ignition

Quality parameters — composition of elements in
dry samples of fugate and zeolite (before and after ex-
periments) were analyzed. Each zeolite and fugate sample
was homogenized to achieve a uniform appearance, and
a mixed sample from each sampling procedure was taken
and placed in a ceramics container to access all surface
drying. All samples were dried for 11 hours at the temper-
ature of 110 °C and disintegrated using a porcelain pestle
and mortar. Obtained samples were sieved through a 2.0
mm and 250 pm stainless steel sieves, as required for X-
Ray Fluorescence analysis. Sieved samples were analyzed
using a Thermo Scientific Niton” XL2 X-Ray fluorescence
spectrometer. Analytical method of X-ray fluorescence
spectrometry and specifically Niton XL2 device for analy-
sis of substances composition was used.

STAGE I. Three 100 and 200 g samples of three zeo-
lite fractions were mixed with 1 L of sludge liquor in an
automatic mixer for 30 min at rotation 100 rpm and left to
set in for 30 min. All samples were filtered through glass
fibre filters with a pore size of 1.0 um. The concentration
of ammonium ions was measured in the filtered samples.

STAGE II. The experiment to reduce ammonium ion
concentrations in the fugate was carried out by filtering it
through zeolite filler. The fugate was filtered through con-
structed columns filters. The columns were 46 mm in di-
ameter and 1.4 m high. The filter columns were filled with
0.8-1.6 mm or 1.6-2.5 mm zeolite fractions. The hight of
zeolite filler was either 0.5 or 1.0 m. The fugate was sup-
plied into the column and filtered at 2 m/h filtration rate.
After filtered 1 L of fugate in each case, fugate samples
were collected and the concentration of ammonium ions
measured. The samples were filtered through glass fibre fil-
ters (47 mm in diameter) where mesh size was 1.0 um. In
order to avoid random errors and to obtain more precise

results, the concentrations of suspended materials as well
as ammonium ions were determined 5 times for each
sample.

All results obtained are presented as the arithmetic
mean of five replicates. Significant differences (p < 0.05)
were removed from the experiment estimations and the
measurements were analysed once again. The average con-
centration was calculated:

B L
c=—Ycm;, (1)
Nz

where: ¢, - concentration of substances at typical points;
m, — probability at the occurrence of concentration; n -
number of trials; k — number of different values of the
concentration.

The average concentrations of the variables substanc-
es, mentioned above, at the characteristic point were cal-
culated as well. The standard statistical estimation error
was evaluated.

2. Results and discussion

The characteristics of sludge liquid are described in
Table 2.

Table 2. Main characteristics of sludge liquid

Sam- NH,  TSS T BOD COD,
ples P (mgl) (mg/L) (°C) (mg/L) (mg/L)

1 7.2 1025 1040 20 165 2475

7.4 1750 1135 24 176 2550
7.4 1720 1220 23 197 2498

2
3
4 7.3 1420 1093 22 155 2464
5 7.4 1450 1090 22 205 2567

It was determined that the dewatering of digested
sludge in the Lithuanian wastewater treatment unit gen-
erates a liquid fraction, i.e. fugate, where the ammonium
concentration varied from 1025 to 1750 mg/L. The concen-
tration of total COD in fugate was about 2500 mg/L (BOD-
180 mg/L) because of degradation of COD and dissolution
of ammonium in the digesters (table 2). Clinoptilolite does
not affect COD removal, since organic carbon such as COD
neither has anionic or cationic charge to adsorb on zeolite,
nor could exchange with its cations (Rezaei et al. 2014). The
ammonium ions concentrations were approximately two
times higher than indicated in the studies done by other
researchers (Constantine 2006; Thornton et al. 2007). The
pH values measured for this study were not considerably
different and varied between 7.2 and 7.4. In the digesting
mechanisms, when anaerobic organic decomposition of or-
ganic materials is taking place, the process can be expressed
with the formulas below:

C,H,O0,N+3H,0+H* -»2.5C0O, +2.5CH, + NH} .(2)



Journal of Environmental Engineering and Landscape Management, 2016, 24(3): 176-184 179

The equation shows that the destruction of organic
materials leads to an increase of ammonium ions con-
centration. Sludge liquids contain especially high con-
centrations of TSS (1040-1220 mg/L). Due to the ther-
mal decomposition of the sludge, which is carried out
in the Lithuanian wastewater unit - suspended solids in
the fugate are particularly small. Therefore, when sludge
is dewatered by using conventional centrifuges the sus-
pended materials cannot be suspended effectively in the
dry fraction of the sludge and a high proportion of it
obtained into the fugate. TSS concentration is an im-
portant characteristic of fugate as it influences either the
ion exchange or the sorption process (Hedstrom 2001;
Rahmani et al. 2004). Suspended and colloid particles
can be attached to the surface of zeolite particles and
block the micro pores, thus slowing down the ion ex-
change.

The results from five laboratory mixers run can be
seen in Table 3.

Table 3. Batch test (I) experiment results

Zeolite Zeolite Removed Removal
No. . particle size, NH,* conc., efficien-
weight, g 4 N

mm mg/L cy, %
1 100 2.5-3.2 4014 2+0.5
2 200 2.5-3.2 8519 5+0.4
3 100 1.6-2.5 41040 24+2
4 200 1.6-2.5 885+85 515
5 100 0.8-1.6 1164115 68+7
6 200 0.8-1.6 1540150 9049

As can be seen in Table 3, ammonium ions were
most efficiently removed by the smallest zeolite fraction
when a larger amount of it was used (200 g). Zeolite
particle fraction sized 2.5 to 3.2 mm proved to be inefhi-
cient with an efficiency of only 2-5% of ammonium ions
removed from the samples. Therefore, this fraction size
was no longer used for further research. Two smaller
zeolite fractions sized 0.8 to 1.6 mm and 1.6-2.5 mm
were used for the reduction of ammonium ions concen-
tration in other fugate samples and Langmuire isotherm
was obtained. The following formula was used for the
calculations:

4. =(C,~C.)— G

m, .,

where: q, - equilibrium adsorption capacity, mg/g; C, -
initial NH,* concentration in the sample, mg/L; V - vol-
ume of the sample, L; m_- the adsorbent weight, g.

This calculation can be carried out when g, C, C,
and proportion of C/q, are known or estimated from the
experimental results (Table 4).

Table 4. Experimental results of equilibrium adsorption
capacity

C,, mg/L C, mg/L q, C/q,
1720 1310 2.05 639
1420 1210 1.05 1152
1450 1165 1.37 850
1720 835 2.21 378
1420 720 1.75 411
1450 740 211 350

All experimental results were under statistical verifi-
cation and the following numbers were estimated to plot
the adsorption equilibrium presented in Figure 3.

Figure 3 shows the results of the equilibrium ad-
sorption of ammonium ions on zeolite. The experimen-
tal data were fitted through the isoterm of Lagmuir, often
applied for adsorption equilibrium description for NH *
removal from water solutions (Vassileva, Voikova 2009;
Valentukevi¢iené, Jankauskas, 2004; Huang et al. 2010). It
can be observed that the adsorption equilibrium will be
established when C/q, is in the range between 0.6-0.8.
A variety of researchers (Huang et al. 2010; Ivanova et al.
2010; Rozi¢ et al. 2000; Vassileva, Voikova, 2009; Sprinsky
et al. 2005) describe in their articles the capacity of zeolite
to absorb ions from natural water or artificial solutions.
The results received in the present study are nearly simi-
lar, when compared with such experiments as were car-
ried out with natural zeolite obtained from North-Eastern
Rhodope Mountain (Ivanova et al. 2010). An artificial
solution made from distilled water and NH,CI was used
in the experiments carried out by E. Ivanova and others.
Concentration of ammonium ions reached 800 mg/L and
1 g of zeolite absorbed up to 9 mg ammonium ions. In the
present study 1 g of zeolite can remove up to 2.2 mg of
ammonium ions only (Table 4). This is due to high pol-
lution of the sludge liquid (concentration of ammonium
ions - up to 1750 mg/L) and high TSS concentrations in
the fugate (up to 1220 mg/L).

At a second stage of the experiments 0.8 to 1.6 mm
sized zeolite particles were tested for the filtration of
sludge liquor through zeolite filter media.

1,4
1,2 .

1
0,8
0,6 *

y=0,001x-0,3393

C./q., mg/L

0,4 %,
0,2
0 ; ; .

0 500 1000 1500

C., mg/L

Fig. 3. Langmuir isotherm, when initial NH . concentrations in
the sludge liquid were in range between 1420-1720 mg/L
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Once it was completed (the height of filter media
1.5 m; the volume 2.3 L) only 1 L of the sample could be
filtered. TSS materials in the sludge liquor soon blocked
the filter media. The efficiency of ammonium ions re-
moval was in this case very high, i.e. 99.9%; however, un-
der laboratory conditions further filtering was impossible
during the experiment due to a small surface area of the
filter (0.045 m), where a layer of sediments appeared and
the filter became hydraulically impermeable. Therefore,
further research of the filter was carried out by reducing
the height of the filter media to 0.5-1 m and choosing 1.6
to 2.5 mm sized zeolite particles. The results of ammo-
nium ion concentration reduction in samples by filtering
them through 1 m height filler are presented in Table 5.
The primary NH, * concentration in the sludge liquid was
1025 mg/L.

Table 5. Ammonium ions removal, using column test (zeolite
particles size 1.6-2.5 mm)

Filtered  Filtration Removed NH,* Removal
volume, L run, min  concentration, mg/L efficiency, %
1 5 937 91
1.5 9 857 84
2 14.5 795 78
2.5 21.5 760 74
3 30 752 73

As can be seen from Table 5, the efficiency of ammo-
nium ion removal from the samples decreased from 91 to
73% after half an hour. Liquor pollution had a consider-
able influence on that. Having noticed that the filter me-
dia can easily be blocked by suspended materials from the
sludge liquid, the concentrations of pollutants were later
reduced and the samples were left in a sedimentation unit
for one day. The results of sedimentation experiment are
reflected in Table 6.

Table 6. Experimental results of sedimentation process, initial
NH,* concentration in the sludge liquid was 1450 mg/L,
TSS -1090 mg/L

Sampling depth, *TSS, *NH," concentration,
m mg/L mg/L
0.50 920 1400
1.00 870 1320
1.50 1150 1540

*Note: Triple samples were analysed, from different sedimenta-
tion depth

Table 6 shows that the precipitation of sludge liquid
was not efficient because the particles of over digested
sludge were floating due to gas released bubbles. Sus-
pended materials in the fugate are particularly small due

to thermal sludge decomposition, which is carried out in
the Lithuanian sludge treatment plant. When sludge is
dewatered after digesting it by using conventional centri-
fuges — a considerable part of TSS is obtained into the fu-
gate. A part of the disintegrated materials precipitated, due
to which the highest concentrations of TSS were obtained
at the bottom of the sedimentation unit, lower concentra-
tions were observed on the surface and the minimum in
the middle. As the sedimentation experiment was insuf-
ficient, new alternatives to reduce the concentration of
suspended materials in the fugate more efficiently need to
be found.

The volume of 13 L of sludge liquid from the sedi-
mentation unit was filtered through the filler layer of
0.5 m height (0.8-1.6 mm zeolite fraction). The results are
presented in Figure 4.

As can be seen from Figure 4, the efficiency of am-
monium ion removal from sludge liquor decreases from
65 to 9% in 50 minutes of filtering. During the given pe-
riod 13 L of sludge liquor were filtered. The speed of fil-
tering was ~10 m/h. In order to achieve better results of
ammonium ion removal from the sludge liquor, the pe-
riod in which the sludge liquid was stored in the filtering
media need to be increased. The Figure 5 shows the results
of ammonium ion removal from sludge liquor, where a
sample of 2 L was filtered several times through the same
filter media of 0.5 m height (0.8-1.6 mm zeolite particles
size) by using total retention time of 90 min.
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Fig. 4. Experimental results of ammonium ions removal
efficiency (filtration run 50 min)
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Fig. 5. Experimental results of ammonium ions removal
efficiency (filtration run 90 min)



Journal of Environmental Engineering and Landscape Management, 2016, 24(3): 176-184 181

It can be seen that higher efficiency of ammonium
ion removal is achieved by prolonging the period in
which sludge liquid remained in the filter. Once the sam-
ple had remained in the filter media for 90 minutes, the
efficiency reached 98%, where in the beginning (1 min
retention run) it only reached 49% (Fig. 5). In order to
achieve maximum ammonium ions sorption a period of
1.5 h is needed while other parameters of the experiment
were remained the same. During the lab-scale experiment
it turned out that the filter media of 1 L volume (0.5 m
height, 0.8—-1.6 mm fraction) would be sufficient to treat
2.5 L sludge liquid, where the primary concentration of
ammonium ions were 1470 mg/L.

It was observed that doing filtration of fugate, the
zeolite do not aggregates into monolith mass, and nor lay-
ering. When using zeolite for fugate treatment, after the
ammonium ions sorption, the zeolite can be reutilized. As
it is pointed out in scientific literature (Vesela et al. 2003;
Montemurro et al. 2007; Rehakova et al. 2004; Beler-
Baykal, Allar 2008; Lija et al. 2012), zeolite saturated with
ammonium ions could be successfully used in agriculture
as it is a nitrogen fertilizer.

Results of the elements X-Ray Fluorescence analysis
in samples (average values) are presented in Table 7.

As can be seen from Table 7, the almost all average
values of heavy metals (As, Pb, Zn, Cu) in samples of fu-
gate are higher or in samples of natural zeolite. Only Cr
(10 times) and Hg (1,5 times) in zeolite exceeds the values
of fugate. Used zeolite (after sorption) is not contaminated
with Rb, Se, Fe. Cd, Ag, Pb, Ni, Co, Cr, V, Sn, Pd, Au, W
concentrations are below the level of detection. Results of
the obtained elements X-Ray Fluorescence analysis pre-
sented in Table 7, can be compared along with maximum
allowable concentrations for the wastewater sludge of I-III
category (LAND 20-2005). Almost all average values of
heavy metals in zeolite fugate samples do not exceed the
concentrations that are determined for the I sludge cat-
egory. The amounts of Cd and Ni were below detection
limits and Hg in all samples exceeds the requirements for
I sludge category. Fugate and zeolite samples were attrib-
uted to the II category sludge which means that sediments
are slightly polluted with heavy metals and can be used
with restrictions that are specified in Lithuanian environ-
mental normative document (LAND 20-2005).

One of the most common methods for assessing
quantifying metal enrichment is to compare identified
concentrations with a background level or with a concen-
tration posing serious environmental risks (e. g. maximum
concentration defined in legal environmental regulations
and guidelines). Amount of Ca, K, S in zeolite samples in-
creased significantly after sorption process. The following
elements are known to be essential for plant growth. Calci-
um, potassium and sulphur normally derived from the soil
in the form of inorganic salts. Potassium with nitrate and

phosphates in high amount are required to all plants and
microorganisms nutrition. Saturated zeolite can be used
as excellent fertilizer because the plants can assimilate
valuable materials step by step, and those materials can be
assimilated from the zeolite only by plants roots (Ahmed
et al. 2010). Additional and well balanced material trans-
portation to prior- roots zone is going on. Therefore we
cannot over-fertilise the soil. Plants roots start dissolving
reactions because of absorption, and needed nutrients are
accessible. Thereafter the zeolite is saturated with excess
materials again (Vesela et al. 2003). Nitrogen compounds
are not washed out to the ground water and the zeolite
particles improve the structure of soil (Montemurro et al.
2007). This material fulfils soil with mineral compounds.
However, according to (Rehakova et al. 2004) such zeolite
is not harmful to nature as the sludge of wastewater in
the wastewater treatment unit is treated in the thermal hy-
drolysis phase, where pathogenic bacteria and helminthic
eggs are deactivated. Therefore zeolite could be used to

Table 7. Composition of elements in substances

Natural zeolite Zeolite after

Element Fugate before sorption sorption
ppm
As 5.15 <LOD* 4.55
Hg 2.45 3.62 3.72
Cd <LOD <LOD <LOD
Ba <LOD <LOD <LOD
Sb <LOD <LOD <LOD
Ag <LOD <LOD <LOD
Zr 10.88 96.14 101.4
Sr 135.26 325.32 346.45
Rb 16.53 101.08 92.36
Pb 8.19 <LOD <LOD
Se 2.42 3.03 2.65
Zn 934.52 31.44 114.62
Cu 164.18 <LOD 16.24
Ni <LOD <LOD <LOD
Co <LOD 48.64 <LOD
Fe 5149.52 7368.63 6268.46
Mn 96.06 241.72 254.27
Cr <LOD 10.83 <LOD
\% <LOD <LOD <LOD
Ti 2198.14 998.07 1018.78
Sc 495.52 62.82 107.54
Ca 117548.32 15277.6 38713.44
K 40505.78 21749.2 22560.45
S 12055.89 <LOD 674.48
Sn <LOD <LOD <LOD
Pd <LOD <LOD <LOD
Au <LOD <LOD <LOD
w <LOD <LOD <LOD
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reduce the use of N, P and K fertilizers on acid soils (Lija
et al. 2012). The mostly useful fraction to the plants roots
is 2-5 mm (Rehakova et al. 2004).

In the present study the smallest zeolite fraction (0.8-
16 mm) proved to be the most eflicient to reduce ammo-
nium ions concentration in the sludge liquor. When used
in production, the hydraulic permeability of filter can be
decreased, as there is a number of TSS in sludge liquor.
During lab-scale experiments, the height of filter media
should not exceed 50 cm; however, the same or several
filters gradually following one another can be used sev-
eral times. Having assessed high NH,*-N concentrations
and a poor precipitation of suspended materials (when
the fugate is kept in the sedimentation unit for one day),
it can be presumed that sludge under digestion was not
fully stabilized in the course of the experiment. The fact
that ammonium ions are still generated in sludge liquid
after one day of storage shows further decomposition of
organic materials.

This fact only proves the need for the reduction of
ammonium ions concentration in the fugate before it is
returned to the wastewater treatment stage. The present
studies are valuable as the concentration of ammonium
ions in the fugate can be reduced considerably by means
of simple filtration through the zeolite filter media with no
chemical reagent employed.

Conclusions

The results showed a high concentration of ammonium
ions (1025-1750 mg/L) in the samples of digested sludge
liquor collected from the Lithuanian wastewater treatment
plant. These results confirm the hypothesis that the de-
watering of sludge in centrifuges leads to higher ammo-
nium concentrations in fugate, as predicted in scientific
literature. To reduce the NH,*-N concentration of fugate
the samples were mixed with zeolite fractions and an ef-
ficiency of 90% was reached. In the present study 1 g of
zeolite can remove up to 2.2 mg of ammonium ions only.
This is due to high pollution of the sludge liquid (concen-
tration of ammonium ions - up to 1750 mg/L) and high
TSS concentrations in the fugate (up to 1220 mg/L).

The NH,*-N concentrations in digested sludge liquor
can be reduced up to ~ 98% when the fugate is filtered
through the zeolite filler of 0.5 m height (0.8-1.6 mm par-
ticles size zeolite) several times.

It was observed that doing filtration of fugate, the
zeolite do not aggregates into monolith mass, and nor lay-
ering. This sorbent is interfering with the water not only
as filtration material, but also like adsorbent and as ion
exchange carrying out material. Zeolite saturated with
ammonium jons possibly can be used in agriculture as
nitrogenous fertilizers. To gain deeper knowledge of this,
research can be done to investigate cultivation in practice.

Obtained fertilizer grade of zeolite saturated with fugate
can also be produced from the high ammonium nitrogen
concentration side-streams separated from wastewater
flow from sludge digestion processes by sorption on zeo-
lite filter media.
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