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Mineral waste , also called sandy waste due to the oF pumps and centrifuges against abrasion , and thus
dominant content oF the sand ¥Fraction, can hkextending the service liFe oF devices, which directly
obtained in wastewater treatment plants (Bie- reduces the cost oF their maintenance. Avwerage
niowski et al. , 2020): annual maintenance costs can represent 15% to
A From grit chambers , dewices belonging to the Fi26% oF the total operating costs oF a wastewater
stage oF wastewater treatment, i.e., mechanidatatment plant, with the cost o mechanical
treatment (waste code: 19 08 02  the content oFequipment accounting For up to 6% oF maintenance
grit chambers) 3 costs (Kolosowvska et al., 2022). Hence, grit
Hrom special nodes (located on the wastewater chambers are ob g ects that play a signifFicant role in
treatment plant site) to receive sludge From the proper Functioning o the entire wastewater
cleaning sewage collectors (waste code: 20 03 06 treatment plant (Stahl, 1997 ; Kolosovska et al.,

waste From sewer chambers and waste code2022 ; Mateo P@z et al. , 2020 ; Karo et al. , 2018 3
20 03 03 waste From cleaning streets andBiedrzycka , 2021 ; Wilson, 1985 ; Huang etal., 2021).
squares). In many wastewater treatment plants , the sand
In grit chambers (Figure 2) , sands, grawvels andecowvery system is modernized with sand separator
other mineral solid particles as well as suspended nodes (Figure 3). The purpose oF using such nodes
solids o other origins , which hawe not prewviouslys to receivve contaminated sand pulp ®From grit
been retained on the screens , Fall to the bottom oEhambers, to rinse and separate organic and
the tanks. Hence, they are collected usinmineral parts. This solution improwves the Final
mechanical devices and Finally sent to the storagparameters o®¥ sandy waste, minimizing or
tank. The role ofF grit chambers is primarily to practicallyy completely removwing the odour From the
protect against damage to subsequent elements ofwaste , reducing the content oF organic substances in
the technological line oF the wastewater treatment the waste (ewven to a lewvel below 2%) and reducing
plant (including protection oF pipelines against loss the hydration oF the waste. With the use o such
o¥ patency , protection oF dewvices in sewage aerayjatems , the waste From the sand separators is
chambers and anaerobic digestion chambers, asdischarged to a storage tank or a place o temporary
well as protection against the reduction o¥F their storage (Biedrzycka, 2021; Sazulc, 2018).
active capacity through the accumulation oF mineralonsidering application oF sandy waste recowvered
suspension) and protection o mechanical elements in wastewater treatment plants in construction , it

p)

Figure 2
Grit chambers

Source: Biedrzycka , 2021.
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|
Figure 3
ISand separator nodes

Source: Biedizycka , 2021.

seems necessary to use a sand separator system asts particle size Fraction to waste collected in grit
an element of¥F the technological process ofcthambers waste code: 19 08 02 or minerals , such
wastewater treatment. A signifFicant amount ofFas sand and stones waste code: 19 12 09
organic substances in the waste could adwersely (Bieniowski et al. , 2020).
afFTFect its properties , worsening the parameters o Sandy waste generated in wastewater treatment
compaction and shear strength, or increasing plants could also be classified as man-made soils ,
compressibilitys. In addition, it could also be because their solid phase was created as a result oF
responsible For increasing the putreFaction oF wastehuman exXistence and activity. The grain-size
through the dewelopment oF biological distribution curves oF sandy waste samples prepared
microorganisms and cause a biohazard. on the basis oF own research with grain-size
Taking sludge From cleaning sewage collectors irdistribution curwves presented by M. Beniowski et al.
special nodes is possible thanks to the company *(2020) ,along with infFormation on dry organic matter
possession o specialized trucks (Figure 4) , whichcharacterizing a givven sample , are shown in Figure 5.
ensure the remowval oF sludge remaining in the The percentage content o¥F individual soll
sewage system by using high water pressure and the Fractions , in accordance with the PN-86./B-02480
use ofF warious types oF heads and nozzles. Thiandard , is presented in Table 2. Additionally , the
waste is deposited in the chamber oF a specialist dimensions oF equivalent diameters read ¥rom the
truck , which transports it to the wastewater grain-size distribution curwves are included.
treatment plant to the service station. Remowval oF The percentage content o¥F individual soll
this tyype oF waste From the network is necessary afdactions , in accordance with the PN-86./B-02480
extremely important because it reduces the costs otandard , is presented in Table 2. Additionally , the
works carried out by water supply companiesdimensions oF equivalent diameters read ¥rom the
(remowving network TFailures and blockages) andjrain-size distribution curves are included.
ensures the maintenance o appropriate installation The grawvel Fraction oF each sample does not exxceed
efTFiciency (Sikorska , 2019). 10% , while the equivalent diametgrd 2 mm , and
From the technological point oF wiew, sandBe equivalent diametergdis in the range o¥F
waste From cleaning sewage collectors is similar in - 0.50 mm2 dsy = 0.25 mm , thus it Follows that sandy
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Figure 4
A specialist truck for cleaning the sewage system, FFG Elephant type: (a) general view,
(b) sewage collector cleaning

Source: Wodoci$gi Warszawskie , 2022.

|

Figure 5
The grain-size distribution curves of sandy waste samples along with information on dry organic matter
characterizing a given sample (in legend)
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1. Grain-size distribution of sandy waste sample no. W4 (own research) - dry organic matter: 1.02%

2. Grain-size distribution of sandy waste sample no. W1.4 (own research) - dry organic matter: 1.06%

3. Grain-size distribution of sandy waste sample no. 1 (Bieniowski et al., 2020) - dry organic matter: 1.30%
4. Grain-size distribution of sandy waste sample no. 3 (Bieniowski et al., 2020) - dry organic matter: 0.78%

Source: own research and samples From Bieniowski et al. , 2020.
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Table 2
Percentage content of individual soil fractions constituting sandy waste recovered
in wastewater treatment plants

Soil fraction [%] Equivalent diameters [mm]
Sample name (source)
gravel sand silt + clay d go dsg
Sandy waste sample no. W4 (own research) 5.69 94.21 0.10 1.10 0.41
Sandy waste sample no. W1.4 (own research) 9.42 90.44 0.10 1.70 0.40
Sandy waste sample no. 1 (Bieniowski et al. , 2020) 5.20 94166 0.14 1.p0 037
Sandy waste sample no. 3 (Bieniowski et al. , 2020) 8.60 911.35 0.05 1.70 0.41

Source: own study ; Bieniowski et al. , 2020 ; PN-86./B8-02480.

waste recowvered in the wastewater treatment plants sand during winter , season as well as the type and
in terms o grain size correspond to medium sands technical condition o the sewage system (Szulc,
(PN-86./B-02480). 2018 ; Mateo P@z et al. , 2020 ; Nawrotetal. , 2017).

The content oF dry organic matter in a givekJn¥Fortunately , the data From the Statistics Poland
sample (Figure 5, in legend) does not exxceed 2%stjll lacks specific Figures on the amount oF sandy
hence it can be assumed that sandy waste recowveredaste generated in the water and sewage sector.
in a wastewater treatment plants can be treated as It is estimated that the \vvolume oF sandy waste in
mineral soils (PN-86./B-02480). the stream oF wastewater Flowing to one

The low content oF organic substances as well as wastewater treatment plant in Poland perday is , on
the silt and clay soil Fractions determined in the awerage, 0.02 0.04® ¢grar one equivalent
samples oF sandy waste as part oF the own researchhabitant and 35 70 dmper 1,000 moF
indicates a limited impact o these pollutants on the wastewater (Szulc, 2018). In one o¥ the Polish
properties oF the waste. wastewater treatment plants , the amount oF sand

Due to the place where the waste is generated , obtained ®rom wastewater in 2010 was 2,021
the content oF grit chambers (waste code: 19 08 02) tonnes , while in 2019 it already reached the level o F
belongs to the group oF industrial waste related to 4 , 265 tonnes (Biedrzycka , 2021).
the economic activity o¥ wastewater treatment It seems interesting to predict the amount oF
plants. On the other hand, waste ®rom sewer sandy waste that reaches the wastewater treatment
chambers (waste code: 20 03 06) and waste Fronplant on the basis oF a data-based model using the
cleaning streets and squares (waste code: 20 03 03) MARS (Multivvariate Adaptivve Regression Splines)
belong to the group oF municipal waste generated in method , implemented in one o¥ the Spanish
inhabited areas and related to human exXistence wastewater treatment plants. It uses data related to
(Statistics Poland , 2018 ; 2019 ; 2020 ; 2021 ; 202Re measurement o input parameters in raw water

In accordance with the regulations (RozporzSdzenie,  at the mechanical treatment stage (Flow rate , pH ,
2020) , waste constituting the content o®¥ grit raw water temperature , conductivity and ammonia
chambers (waste code: 19 08 02) , waste From sewecontent) , as well as data on the amount oF sandy
chambers (waste code: 20 03 06) and waste Fronwaste remowved From the wastewater treatment
cleaning streets and squares (waste code: 20 03 03) plant and meteorological data (from with particular
are classifFied as non-hazardous and inert waste. emphasis on temporary and cumulativve rain¥all).

The results indicate that it is possible to predict
changes in trends in the generation o sandy waste
Amount of sandy waste generated as a Function oF changes in the input \variables oF
in a wastewater treatment plants wastewater entering the wastewater treatment plant
(Mateo P@z et al. , 2020).

The amount oF sandy waste generated in The estimated amount o sludge generated in the
wastewater treatment plants depends on sewveral sewage system Facilites can ofFten be biased. The
Factors , e.g. the amount oF treated wastewater , ttea published in the scientifFic literature are widely
type oF wastewater in terms o origin (wastewater divvergent. They relate to the approximate
*rom residential estates or industrial zones), the determination oF the amount o suspended solids
condition oF urban infFrastructure (the number and remowed annually From the surfFace oF land with
character oF streets) , the need to sprinkle them with wvarious management methods , e.g. the amount oF
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suspended solids discharged ®rom the surfFace o¥F 3)the ob ject or substance is produced as an

1 hectare oF city centres per year may be between
on average: 1.59 tonnes , and4)the ob ject or substance meets all relevant

0.49 and 4.28 tonnes
¥rom industrial areas between 0.45 and 1.70 tonnes
on average: 0.72 tonnes (Nawrot et al. , 2017).

Legal regulations regarding

the management of sandy waste
obtained in Polish wastewater
treatment plants

Currently in Poland , there are three ways oF
dealing with the sandy waste generated in
wastewater treatment plants (Bieniowski et al.,
2020 ; RozporzSdzenie , 2015):

1. Disposal by processing:

A in the case oF low-quality waste constituting the
content oF grit chambers (waste code: 19 08 02) ,
exceeding the permissible leaching limits set out
in Annex 3 oF (RozporzSdzenie , 2015): arsenic ,
barium , cadmium , total chromium,

copper ,

integral part o the production process ,

requirements , including legal requirements , in
terms o the product , enwvironmental protection
and human liFe and health , For the specific use
o the ob g ect or substance , and such use will not
lead to general negative impacts on the
environment , life or human health ,

5) the ob gect or substance meets the detailed

conditions For the recognition oF a given
ob g ect or substance as a by-product, iF they
hawve been specifFied in the prowvisions oF
European Union law or the regulations issued

on the basis oF art. 11 sec. 6 (iF the detailed
conditions ¥For recognizing an objgect or
substance as a by-product hawve not been
specified in the prowvisions oF European Union
law , the minister competent For climate
matters may deFine, by way o¥ a regulation,
separately For one or more matters , ¥For some
ob g ects or substances , the detailed conditions

mercury , molybdenum , nickel, lead, antimonyrgr recognizing the ob ject or substance as a
selenium, zinc, chlorides, TFluorides, sulphates, by-product, taking into accountthe protection

dissohsed organic carbon , dissolved solids ,
A in the case oF low-quality waste constituting
sludge From cleaning sewage collectors: waste

oF the enwvironment and human I|ifFfe or
health)." "

The First two options For dealing with sandy waste

HFrom sewer chambers (waste code: 20 03 06) andgenerated in wastewater treatment plants are widely
waste From cleaning streets and squares (waste used but generate costs and are related to
code: 20 03 03), exceeding the permissible limitadministrativve procedures For waste management

values set out in Annex 4 ofF (RozporzSdzenie ,(Bieniowski et al.,

2020). According to the

2015): total organic carbon, content oF organicnformation awvailable , the costs oF processing sandy

substances determined as losses on the ignition ,
heat o combustion.
The waste is entrusted to specialized companies

waste in 2021 amounted to PLN 700/tonne
(Biedrzycka , 2021), while the landTFill costs in 2019
amounted to PLLN 170/tonne (Sikorska , 2019). The

that undertalkke to process it in accordance with action , within the third option , consisting in changing

applicable regulations.

the status oF waste , allows the use oF sand recowvered

2. Disposal by landilling: in the case o¥F obtainingin the wastewater treatment plants as a Full-walue

sandy waste that meets requirements
permissible limit \alues giwven in point 1,

product in construction solutions (Szulc ,
in potentially leading , in eFFect, to a reduction in the

2018) ,

accordance with RozporzSdzenie (2015), the amount ofF waste For disposal (Mielke et al. , 2001).
waste can be transported to a land il For non- FFrom the abowe provsisions (Obwieszczenie , 2022) , it

hazardous and inert waste.

can be concluded that Finding a use For sandy waste

3. Change oF waste status: efFForts can be madedbtained in wastewater treatment plants, while

change the waste status.

documenting that such use does not threaten the

The procedure For changing the status oF wastesaFety oF the enwvironment, human liFe or health , is
consisting in the use oF the concept oF a by-productyFFicient to change the waste status to a Full-\value

is generally described in Obwieszczenie (2022):
""An objgect or substance,

a manufFacturing process not primarily aimed at still
is considered a non-waste by/- materials. Currently , there are no legal regulations
are (standards ,

describing the possibilities o using them in the

producing it
product ¥ the TFollowing conditions
cumulativvely FulfFiled:

product. Howewer, it should be noted that sandy
resulting Fromaste obtained in wastewater treatment plants are

relativelyy new, insuFFiciently recognized

guidelines or technical approwals)

1) Further use oF the ob ject or substance iconstruction industry. Sandy waste recowvered in

certain ,

wastewater treatment

plants are most often

2) the ob g ect or substance can be used directhyycompared to soils or aggregates. The assessment oF

without Further processing other than normal
industrial practice ,

their suitabilityy ®For engineering purposes should be
preceded by appropriate tests confirming the
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Figure 6
Generated industrial waste in the category " "water supply, sewerage, waste management
and remediation activities" " in 2017 2021

g 70.00

= 6500

; 60.00 S

S 55.00 N0

s 50.00 NN L [19

$ 00 . N

c  40.00 AR —INHEH 2 (o

§ 35.00 N2 Ho AN = Ho

8 30.00 —ZNHHH < Ho AN < o

& 25.00 AN O <11 ©

Rl Z N RIS ZIN R

o 15.00 AN | | o [N | || ©

£ 10.00 N [ O I AN S [

S 5.00 — AN HO N HO

e 0.00 i O AN Ollgr v A= o

Recovered Disposed Transfe_re_d to | Temporarily
other recipients stored

2017 44.01 51.78 1.38 2.83
R 2018 41.50 55.76 0.64 2.1
EEEEH 2019 44 .58 52.72 0.13 2.60
[~ ] 2020 41.88 55.86 0.09 2.16
[ O ] 2021 37.15 60.90 0.02 1.95
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possibilityy o their use, depending on the placekiewicz et al. , 2017) or as material constituting the
method oF manage and the role oF the building , alswsulating layers in municipal landFills , as well as For
taking into account the relewvant physical andminor repairs oF technological roads and internal
mechanical parameters as well as chemical and roads on the site oF the wastewater treatment plant
microbiological properties oF the waste. and in landFills (Szulc , 2018).

So Far, sand recowvered in wastewater treatment There is ofFten a lack oF comprehensive waste
plants has been used as material For renowvation andrecovery data From wastewater treatment in
construction workks oF the municipal sewage systemdeweloping countries. QuantifFication o the detailed
and as a ballast For construction works carried out status o waste management in wastewater treatment
on the wastewater treatment plant site (Karto etal. , plants remains a current challenge (Chrispim et al. ,
2018). It was also used as a material For road 2020; Papa et al., 2017). This is also the case in
construction and fFor use in civil engineering Poland. Despite the known methods o dealing with
(Mielke et al., 2001). Recowvered sand wassandy waste generated in wastewater treatment plants
supplemented as Fine aggregate in the production (disposal by processing , disposal by landfiling and
o concrete mixture and used For the construction o#hange o waste status) , there is still a lack o specifFic
road concrete pavement (Oczyszczalnia  ciekwfFigures on the amount oF sandy waste sub j ected to
""WARTA" S.A. w Cz stochowie, n.d.) or asthese operations. Currentlyy , only general data on
aggregate in the production oF concrete For non-industrial waste generated in the category: ""water
structural purposes (Borges et al. , 2015). ltwas also  supply , sewerage, waste management and
used as material For land reclamation , e.g., at thremediation activities"" are awvailable , along with the
treatment plant in Berlin, afFter rinsing (Michat-  possibilities o their management (Figure 6).
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Conclusions

1. Considering the lack oF access to natural
resources oF sand in some countries , it may turn
out that this Fraction * s only awailable construction
material in the ¥Future will be the sandy waste

generated in wastewater treatment plants. 5.

2. Due to the crucial demand ¥For sand and grawvel
aggregates in in¥rastructure and cubature
construction , as well as For the production oF
concrete and concrete products, it seems
necessary to carry out the process oF selecting
aggregates in terms o¥ their use as well as the
place and purpose o¥ building structures.
Replacing natural sand with sand recowered in
wastewater treatment plants
signifFicant potential in many inf¥rastructure
construction applications , and thus hawve a real
impact on sawving natural resources o sand For
other purposes, and reducing the costs oF
construction , modernization or renowvation oF
structures using alternative sand.

takken to create a public catalogue that would
make these data awailable From all wastewater
treatment plants. Such a system would enable to
Forecast the size oF the sandy waste resource base
and the possibilities o®F their use within the
circular economy/.

In order to classiFy sandy waste obtained in
wastewater treatment plants as a by-product , it
seems necessary to modernize the technological
system o¥F wastewater treatment, including the
installation o a sand separator system. Such
a solution would deprive the waste oF a sig-
niFicant amount oF organic and anthropogenic
pollutants , mainly responsible ®or chemical and
microbiological contamination.

could hawve 6. The previous uses oF sandy waste recowvered in

wastewater treatment plants as soils or
aggregates in construction, comparable to
obtain an alternative aggregates ¥From other
industries (e.g. metallurgy , mining or energy) ,
together with estimated data showing the
amounts oF sandy waste generated in wastewater

3. In view oF the increase in the amount oF sandy treatment plants, allow to conclude that sand

waste generated by wastewater treatment plants
and the costs o their disposal , the possibilityy o
changing the status o this waste and using it as
a Full-walue product in construction applications
could hawve a real impact on decreasing sewage
discharge Fees For residents.

4. Due to the lack oF speciFic numerical data in the
Statistics Poland 7 s reports concerning individual

reached in wastewater treatment plants,
perceivved as waste , can be an alternativve For the
global economy to get a signifFicant amount oF
raw material For warious applications in the
construction and to replace natural raw
materials extracted For industry. There¥ore , it
seems exXxtremely important to introduce
guidelines standardizing the use o ¥ sandy waste

ways ofF managing sandy waste recowvered inobtained in wastewater treatment plants in

wastewater treatment plants, e®¥Forts should be

Notes/Przypisy

construction solutions.

L This manuscript was co-Financed under the research grant For the dewelopment o young scientists at the Faculty of\Auciding Kbgdro and
Environmental Engineering o the Warsaw Universityy o Technology (grant no. 504/04614).
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