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Abstract. Nowadays, the problem of water pollution with phosphorus compounds is especially important. Wastewater
treatment plants do not always meet the strict requirements for the residual total phosphorus concentration — 1 mg/l in
the treated wastewater. Usually individual wastewater treatment plants have a poorer removal of phosphorus from the
wastewater because they are more sensitive to fluctuations in wastewater flow and environmental conditions. Research
results in the scientific literature shows that only 30-50% of the phosphorus is removed from the wastewater by
conventional methods. Additional wastewater treatment is recommended for higher phosphorus removal efficiency
achievement. One of the ways to remove phosphorus from wastewater is filtration through sorbents filter media. The
efficiency of three sorbents — Filtralite P, foam-glass and crushed shells to remove phosphorus from biologically
treated wastewater is investigated in this article. A phosphate phosphorus concentration was reduced by filtering
wastewater through sorbents filter media during the experiment. Concentrations of treated wastewater pollutants,
filtration rate, efficiency of sorbents to remove phosphorus from the wastewater were measured and evaluated.
Experiment results showed that phosphate phosphorus was effectively removed by Filtralite P sorbent (removal
efficiency 97-98%), less effective were foam-glass (removal efficiency 66-95%) and crushed shells sorbents (removal
efficiency 39-50%).

Keywords: wastewater, phosphorus removal, Filtralite P, foam-glass, shells.

Introduction

Usually contaminants from domestic wastewater are removed by biological wastewater treatment plants and treated
water can be released to the nature water bodies. Wastewater treatment efficiency and residual contaminants
concentrations in the treated wastewater shows the quality of wastewater treatment. Nowadays with conventional
wastewater treatment technologies, the highest contaminant removal efficiency (99%) is achieved only by
biochemical oxygen demand (BOD) indicator, while other indicators: chemical oxygen demand (COD), total
suspended solids (TSS), total phosphorus (TP) and total nitrogen (TN) shows lower efficiencies. Phosphorus
compounds get into natural water bodies with untreated or insufficiently treated wastewater. Discharges of
phosphates from wastewater treatment systems generally contribute to eutrophication problems. Excess of
phosphorus dissolved in water as a nutrient leads to rapid growth of algae (Ramasahayam etal., 2014). Large
amounts of phosphorus can have detrimental effect on the pH and oxygen concentrations that can disturb the
ecological balance (Powley et al., 2016). According to Regulation on Wastewater Management of the Republic of
Lithuania in large wastewater treatment plants (which population equivalent (PE) is more than 100000), the
concentration of total phosphorus (TP) in the treated wastewater must be less than 1 mg/l. Smaller wastewater
treatment plants usually works less effective than large: their contaminants removal efficiency from wastewater is
lower and residual contaminants concentrations in effluent is higher. The requirements for wastewater treatment are
constantly increasing in the world, in view of wastewater discharge and the characteristics of the treated wastewater
receiver (river, canal). The lower maximum allowable concentration and the higher the minimal treatment efficiency
(in percentage) must be achieved, when there is the more sensitive the treated wastewater receiver and the larger
agglomeration (Ministry of Environment of the Republic of Lithuania, 2006). Recently, it is admitted that even the
smallest wastewater treatment plants (with a flow rate of up to 5 m? per day) can pollute the environment with
insufficiently treated wastewater (Gill etal., 2009; Massoud et al., 2009; Matulova etal., 2010; Mazeikiené¢ &
Vaiskanaité, 2018; Oakley et al., 2010; Powley et al., 2016). Research results in the scientific literature shows that
only 30-50% of the phosphorus is removed from the wastewater by conventional methods (Ramasahayam et al.,
2014; Vidal etal., 2018). Two methods are commonly used for phosphorus removal: chemical precipitation and
biological purification. During this processes, phosphates are only transferred from the liquid to the solid (sludge)
phase, which later must be placed somewhere. These two methods mentioned above are sensitive to seasonal and
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daily temperature variations and changes in wastewater composition. Furthermore, complete removal of phosphorus
is impossible due to thermodynamic and Kinetic limitations. The Regulation on Wastewater Management of the
Republic of Lithuania requires that concentration of phosphorus compounds in treated wastewater by small
biological wastewater treatment plants (with a flow rate of up to 5 m® per day) must be lower than 5 mg/l. In some
northern countries of the European Union (Finland, Sweden) these requirements are even stricter, for example the
total phosphorus concentration in treated wastewater must not exceed 1 mg/l. It is not always possible to achieve this
level of wastewater treatment using the conventional stages of wastewater treatment nowadays. When the required
treatment efficiency is not achieved during the main wastewater treatment the additional wastewater treatment is
used. Additional wastewater treatment should be applied to all agglomerations of more than 10000 PE due to the
guideline from European Union (EU Directive 91/271/EEC) (European Commission, 1991). According to this
directive, the whole territory of Lithuania is classified as a zone sensitive to eutrophication; therefore it is especially
important to remove nitrogen and phosphorus compounds from wastewater. Phosphorus concentration in water
bodies is much higher than allowable due to inefficient wastewater treatment (Ramasahayam et al., 2014). Additional
wastewater treatment is needed to solve the problem (Chowdhury et al., 2017; Garcia-lvars et al., 2017; Tran et al.,
2012). Additional wastewater treatment has not been studied widely until now, because due to the increasing
requirements for treated wastewater, these studies are constantly gaining popularity. Wastewater can be treated
additionally by filtration through filter media or membranes, adsorption, ion exchange, coagulation-flocculation and
these methods combinations. Recently a lot of attention has been given to electrochemical technologies. However
there are some disadvantages of additional wastewater treatment plants: they usually take up a lot of space, require
skilled maintenance and filter washing process is complicated (Biswas & Mishra, 2016; Garcia-lvars et al., 2017;
Serra et al., 2014). Filtration of treated wastewater is an appropriate method of additional treatment, because the
filters are reliable and have the potential to withstand water quality fluctuations. Also filters can be constructed using
local building materials and do not require electrical pumps if the filters are designed for gravitational wastewater
flow. Filtration trough activated carbon is effective method in removing pesticides and drinking water preparation,
but it is inappropriate for domestic wastewater treatment, because the filtration system tends to get stuffed due to
suspended solids (Hedstrom, 2006). Extremely high wastewater treatment efficiency (99%) is achieved with
filtration through membrane, however it is one of the most complicated and expensive wastewater treatment method.
Filters filled with sorbents as a filter media could be suitable for additional wastewater treatment. In this point of
view, sorbents must not only reduce pollutant concentration in treated wastewater, but also be environmentally
friendly and do not contaminate treated wastewater with toxic substances. So, there is a need for research of suitable
sorbents for such an additional wastewater treatment method. Effectiveness of three sorbents: Filtralite P, foam-glass
and crushed shells to remove phosphorus from biologically treated wastewater was researched in this article.

1. Materials and methods

Biologically treated wastewater for this research was taken three times from small (with a flow rate of up to 5 m3 per
day) individual wastewater treatment plants (WWTPs) located in Vilnius city garden communities. Samples of 35
liters of treated wastewater were taken from the WWTPs at the same time of the day (approximately 7:30 am) and
their temperature was measured at that moment. The samples of wastewater were transported for analysis to the
laboratory of the Department of Environmental Protection and Water Engineering at Vilnius Gediminas technical
University (VGTU) and warmed up to room temperature (20 °C) for measuring their pH, biochemical oxygen
demand (BOD) and the concentrations of total suspended solids (TSS), nitrate nitrogen (NOs-N) and orthophosphate
phosphorus (POs-P). Each sample was tested in triplicate providing the mean values of the results obtained.
Biologically treated wastewater was uniformly distributed through filtration columns. Filtration rates — 0.5; 1.0;
1.5 m/h were selected. During the experiments, filtrate samples were taken from all columns at the same time (0.5-
1.0 h intervals). Phosphate phosphorus concentrations were measured in the filtrate samples. The phosphate
phosphorus removal efficiency from wastewater was calculated according to formula (1):

E- % 100 (%), (1)

where: E — effectiveness of removing phosphate phosphorus, %; C: — PO4-P concentration before filtration, mg/I;
C, — POs-P concentration after filtration, mg/I.

1.1. Methods of analysis

The values of wastewater quality indicators were determined by applying standard analytical methods The
temperature of wastewater was measured with SevenGo pro SG6 meter (Mettler Toledo, Switzerland). pH was
determined using a WTW production pH-meter pH-330i (LST EN ISO 10523:2012), as the quality control of the
measurements using Hamilton (Switzerland) certified reference buffers pH 7.00+0.01 and pH 9.21+0.02. The
biochemical oxygen demand (BOD) in wastewater was determined by an electrometric method, for measurements
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using WTW production oxygen meter ino Lab OXI-730 according to a methodology approved by LAND 47-1:2007.
The concentration of suspended solids was evaluated by gravimetric method, filtering wastewater through glass fiber
filter (LAND 46-2007), weighed by KERN (Germany) ABJ 220-4M electronic laboratory scale. The suspended
solids concentration was calculated according to formula (2):

~1000- (m,
v

c —™) (mgn), @

b

where: C — the concentration of total suspended solids, mg/l; m, — the mass of the filter after filtration, mg; m; —
the mass of the filter before filtration, mg; V, — filtered volume of the sample, ml.

Nitrate nitrogen was tested using the Spectroquant test. Concentrations were adjusted with sulfosalicylic acid
(LST 1SO 7890-3:1998). Phosphorus (PO4-P) phosphorus was determined using ammonium molybdate (LAND 58:
2003). Absorption measurements were made by pouring test samples into cuvettes (Hellma) and measuring at the
required wavelength with a Genesys 10 UV-Vis spectrophotometer (Thermo Fisher Scientific, USA).

1.2. Experimental stand and sorbents

Experimental filter column stand was installed in the laboratory at the Department of Environmental Protection and
Water Engineering of VGTU (Figure 1).

Figure 1. The stand for filtration columns filled with:
F — Filtralite P (1), P — foam-glass (I1) and Z — crushed shells (I11)

The stand consisted of three columns of equal diameter (4.5 cm). The each filter has a cross-section area of
15.9 cm?, i.e. 0.00159 m?. Each column was filled with one of three sorbents — Filtralite P, foam-glass and crushed
shells. Every filter media had the same volume — 0.5 liters. The sorbents were placed on a supporting layer — small
stones. The wastewater was poured into the columns in the way that the sorbents were always submerged and
filtration was carried out from top to bottom. About 10 liters of wastewater were filtered through a single column for
each experiment. The filtration rate was controlled by adjusting the valves at the bottom of the columns and the
volume was determined applying the volumetric method. During the experiments, filtrate samples were taken from
all columns at the same time.

The first experimental stand column was filled with Filtralite P filter media (Maxit As, Norway). Filtralite P is
specially designed high-quality filter media, manufactured from expanded clay material and with its high content of
limestone, improves phosphorus removal from waste and effluent waters. Filtralite P consists of clay granules with
large specific surface area and high porosity. This filter media can be characterized by high pH and the high levels of
calcium and magnesium oxides (CaO and MgO). The particles of the investigated Filtralite P filter media had a size
of 0.5-4 mm, bulk density of 370 kg/m?, an actual particle density of 910 kg/m?, a particle porosity of ~ 65%, a
porosity of filter media of ~ 60%, a pH of filter media — 12, alkalinity — 35 meq/l (Filtralite, 2018). Filtralite P
granules usually have a size of 0.5 to 4 mm. In this study, Filtralite P was sieved through a sieve (1SO3310-1: 2000)
with a fraction of 2.5-3.15 mm.

The second experimental stand column was filled with foam-glass filter media. The research used foam-glass
granules produced by UAB “Stikloporas” (Druskininkai, Lithuania) production line. The volume of this filter media
was 0.5 | and the weight was 0.185 kg. There is findings in the scientific literature that foam-glass granules can be
used in water treatment technologies (Zurauskiené etal., 2017). The foam-glass is made from secondary raw
materials, do not leaving third-order raw materials. Granulated foam-glass — it is an inorganic thermo-insulated
material, produced from broken glass, in the form of small porous granules. Foam-glass is a unique organic material
that has a porous internal structure. The sorption properties of the foam-glass depend on the size of the granules. For
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this study, the size of the particles had to be similar in order to compare the different materials, so during the
experiment, the foam-glass was sieved through a sieve (ISO 3310-1:2000) with a fraction of 2.5-3.15 mm.

The third experimental stand column was filled with crushed shells filter media. Shells of marine bivalve
mollusks were collected by scraping them from metal structures that are underwater. Shells are an eco-friendly
material and a sort of waste that could be used as sorbent of phosphorus because it contains calcium. The volume of
this filter media was 0.5 | and the weight was 0.377 kg. For this research, the size of the particles had to be similar in
order to compare the different materials, so during the experiment, the crushed shells were sieved through a sieve
(1S03310-1: 2000), with a fraction of 2.5-3.15 mm.

2. Results and discussion

The contaminants values of biologically treated domestic wastewater are presented in Table 1.

Table 1. Concentrations of contaminants in biologically treated wastewater (mg/l) and pH

Sample No. TSS pH BOD7 NOs-N PO4-P
| 1242 7.4+0.2 15.0+4 0.56+0.3 8.5+2
] 8+1 8.5+0.2 9.5+3 22.9+2 11.0+2
1] 16+2 7.9£0.2 11.6+4 25.0 +3 12.542

The data presented in Table 1 show that the pH of the treated wastewater is close to neutral and corresponds to
the value of required for the effluent discharged into nature (in the range 6.5-8.5) (Ministry of Environment of the
Republic of Lithuania, 2006). The wastewater contamination by the BOD; parameter also meets the requirements,
i.e. it is lower than maximum allowable concentration of 40 mg/l. The concentration of nitrate nitrogen in sample
No. 3 is too large for treated wastewater to be released into the natural environment. The Republic of Lithuania
Wastewater Management Regulation requires that small biological treatment plants with a daily flow not exceeding
5 m® have maximum concentration for nitrogen compounds lower than 25 mg/l. In this case, only nitrate nitrogen,
which is only a part of the total nitrogen, concentration is up to 25,0+3 mg/l. Phosphate phosphorus concentration is
more than 5 mg/l in all samples, therefore treated wastewater cannot be discharged into the environment and requires
additional treatment.

Filtration in all columns lasted 12.5 hours by filtration rate 0.5 m/h and the wastewater in the filter media was
for 0.63 hour. Results from the filtration through three columns of 10 | wastewater for each column at filtration rate
0.5 m/h are presented in Figure 2.
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Figure 2. Results obtained by filtration of wastewater at a filtration rate 0.5 m/h.
Here: | — filtrate from the column with Filtralite P, 1l — filtrate from the column with foam-glass,
111 — filtrate from the column with crushed shells

The results presented in Figure 2 show that after 12 hours of filtration, the filtrate retained less than 1 mg/l of
phosphate phosphorus after the filtration through Filtralite P and the foam-glass filter media, whereas the PO.-P
concentration in the filtrate increased to 6 mg/l after filtration through the crushed shells filter media. According to
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the authors (Adam et al., 2007; Filtralite, 2018; Tran et al., 2012) Filtralite P contains calcium. Calcium is also found
in shells and foam-glass (Zurauskiené et al., 2017). Calcium mediates the chemical adsorption of PO4-P according to
the equation:

5Ca2* +70H +3H,PO} —> CagOH(PO,)3+6H,0 . ©))

This adsorption is good in water, but the removal of PO4-P from wastewater makes the removal of phosphorus
by calcite complicated because of the organic compounds in the wastewater.

Filtration in all columns lasted 6.25 hours by filtration rate 1.0 m/h and the wastewater in the filter media was
for 0.31 hour. Results from the filtration through three columns of 10 | wastewater for each column at filtration rate
1.0 m/h are presented in Figure 3.
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Figure 3. Results obtained by filtration of wastewater at a filtration rate 1.0 m/h. Here: | — filtrate from the column
with Filtralite P, 1l —filtrate from the column with foam-glass, Il —filtrate from the column with crushed shells

The results presented in Figure 3 show that after 6.25 hours of filtration less than 6.2 mg/l of phosphate
phosphorus remained in the filtrate after filtration through Filtralite P filter media. Phosphate phosphorus
concentration was less than 5 mg/l during filtration of wastewater through a foam-glass filter media for 6 h, but after
15 min this value was already exceeded. The 5 mg/l phosphate phosphorus concentration in the filtrate was reached
after 1.5 hours of filtration through crushed shells filter media.

Filtration in all columns lasted 4.2 hours by filtration rate 1.5 m/h and the wastewater in the filter media was for
0.21 hour. Results from the filtration through three columns of 10 I wastewater for each column at filtration rate
1.5 m/h are presented in Figure 4.
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Figure 4. Results obtained by filtration of wastewater at a filtration rate 1.5 m/h. Here: | —filtrate from the column
with Filtralite P, 1l —filtrate from the column with foam-glass, Il —filtrate from the column with crushed shells

The results presented in Figure 4 show that after 4.2 hours of filtration less than 1 mg/I of phosphate phosphorus
remained in the filtrate after filtration through Filtralite P filter media. Phosphate phosphorus concentration was less
than 5 mg/l during filtration of wastewater through a foam-glass filter media for 3 h, but after 30 min this value
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increased to 6 mg/l. The 5 mg/l phosphate phosphorus concentration in the filtrate was reached after 0.5 hours of
filtration through crushed shells filter media.
The average efficiency of phosphate phosphorus removal from wastewater is presented in Figure 5.
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Figure 5. Phosphorus removal efficiency of wastewater filtration at rates 0.5, 1.0 and 1.5 m/h

The results presented in Figure 5 show that the efficiency of phosphate phosphorus removal from the
wastewater depends on the filtration rate: when the filtration rate increases and the wastewater presence time in the
filter media decreases, the efficiency of phosphate phosphorus removal from the wastewater decreases. Using
Filtralite P filter media and increasing filtration rate from 0.5 m/h to 1.5 m/h reduced POs-P removal efficiency from
98 to 97%. The use foam-glass filter media and crushed shells filter media resulted in a reduction of PO4-P removal
efficiency from 95 to 66% and from 50 to 39%, respectively. The PO4-P removal efficiency was also influenced by
the initial concentration in the treated wastewater (Table 1). In sample No. 3, the initial concentration of POs-P was
12.54£2 mg/l, i.e. 32% higher than in sample No. 1. By filtering real wastewater, POs-P removal efficiency was
reduced by other pollutants in the wastewater. The authors (Berg et al., 2005) note that reducing phosphorus by
filtration through calcite and crushed concrete was more effective when using artificial solutions. It should be noted
that by removing phosphorus from artificial solutions, its concentration in water has been reduced from 10 to 2 mg |
(Petrusiené, 2009). During this experiment the corresponding result was achieved only with the Filtralite P filter
media. Crushed shells, although contains calcium, were not very effective; the average removal efficiency of PO.-P
by filtration at a rate 0.5 m/h was 50%. According to scientific literature, most wastewater is saturated with calcium
and phosphate compounds, but chemical precipitation is rare and requires crystallizers. Sand can be used as a
crystallizer to induce the crystallization process (Gustafsson et al., 2008; Petrusien¢, 2009). In this experiment no
sand was used. A foam-glass filter media turned out to be more effective sorbent than crushed shells. During this
experiment, phosphate phosphorus concentrations after filtration through a foam-glass filter media at a rate of
0.5 m/h were below the requirements (5 mg/l). However, this experiment was relatively short (6 and 12 hours), with
101 of wastewater being filtered through the fillers, so the sorption capacity of the filter media was not fully
exhausted. This experiment allowed the comparison of three sorbents as a filter media for treated wastewater
filtration. Filtralite P sorbent, which was most effective in removing PO4-P from wastewater, is an expensive product
(Filtralite, 2018). It could be replaced by cheaper sorbents — foam-glass or shells. It is recommended investigate the
use of these materials for the sorption of POs-P from wastewater further with reducing the filtration rate and
increasing the wastewater presence time in filter media.

Conclusions

1. The average efficiency of the investigated sorbents for the removal of phosphate phosphorus from
biologically treated wastewater was: Filtralite P — 98%, foam-glass — 81%, crushed shells — 45%.

2. Under the conditions of this experiment, at a filtration rate 0.5 m/h, only Filtralite P and foam-glass sorbents
were capable to remove phosphate phosphorus from the wastewater, leaving the residual concentration PO4-
P less than 1 mg/l. In the same conditions, PO4-P concentration from 2.5 to 6.0 mg/l remained in the
wastewater after filtration trough crushed shells sorbent.

3. During filtration through Filtralite P, foam-glass and crushed shells sorbents, the efficiency of phosphorus
removal of phosphorus from the wastewater decreased with increasing filtration rate (from 0.5 to 1.5 m/h)
and decreasing the duration of wastewater presence in filter media (from 0.63 to 0.21 h).
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4. Foam-glass or shells are wastes that could be used to remove phosphorus compounds from wastewater. It is
recommended to investigate the potential of these materials further for the sorption of PO4-P from
wastewater.
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