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ASSESSMENT OF THE IMPACT OF SEWAGE SLUDGE
COMBUSTION TECHNOLOGY ON THE PROPERTIES OF ASHES

OCENA WPLYWU TECHNOLOGII SPALANIA KOMUNALNYCH OSADOW
SCIEKOWYCH NA WEASCIWOSCI POPIOL.OW

Abstract: The amount of sewage sludge produced at Polish and foreign sewage treatment plants constantly
increases. Polish and European Union regulations on sewage sludge treatment lead to higher popularity of thermal
treatment methods. Thermal methods cover among others incineration of sewage sludge in the fluidised bed or
grate furnaces. The paper presents the test results of ashes produced from sewage sludge from Polish sewage
sludge incineration plants equipped with fluidised bed - sewage treatment plant in Sitkowka-Nowiny near Kielce
and with a stoker - sewage treatment plant in Olsztyn. The mobility of heavy metals from ashes from sewage
sludge was investigated. The tests were performed using a methodology proposed by Community Bureau of
Reference (BCR). It has been stated that the dominant fraction of heavy metals in ashes from sewage sludge taken
at both plants was immobile.

Keywords: sewage sludge ash, mobility, heavy metals

Introduction

In Poland main methods of municipal sewage sludge utilization are applied in
agriculture (22.4% of dry mass of sewage sludge generated in the year 2011), applied in
land reclamation including reclamation of land for agricultural purposes (10%) and
landfilled (10.4%) [1]. The environmental use of sewage sludge is seasonal and is regulated
by waste act [2], regulations [3, 4], and the directive [5]. Furthermore, there are no suitable
areas for this purpose. According to the National Waste Management Plan, only 7.5% of
total number of sewage treatment plants provide sludge which can be used in agriculture
[6]. Furthermore, from 1st January 2016 landfilling of unprocessed sewage sludge will be
prohibited [7].

The consequence of these situations is an increase of the amount of thermal sewage
sludge utilization, especially in big agglomerations [8, 9]. The thermal disposal of sewage
sludge includes main methods: combustion (grate furnace, fluidized bed, smelting and
rotary furnace), co-combustion (with: coal, other fuels, municipal solid waste), alternative
processes (for instance, pyrolysis) [10]. In Poland the dominant combustion technology of
sewage sludge is fluidized bed furnace (8 - installations). Combustion of sewage sludge in
grate furnace is in 4 municipal waste water treatment plants [11].

The incineration does not provide a zero-waste disposal method since approximately
30% of the solids remain as ash [12]. The ash forming as a result of sewage sludge
combustion process is included into the landfilled waste depending on the criteria it fulfils:
non hazardous waste, hazardous waste or inert waste. One of the criteria is the limit of
heavy metals [7, 13]. The concentration of heavy metals is not a sufficient indicator of
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waste environmental harmfulness. The mobility and bioavailability of heavy metals in the
environment depends on the forms of their occurrence.

The use of sewage sludge ash in agriculture has been reported [14], processing sewage
sludge ash to form materials like: brick [15, 16], glass-ceramics [17], lightweight aggregate
[18, 19], asphalted paving mixes [20], cement mortars [21, 22].

The chemical and mineral composition of sewage sludge ash depends on. the thermal
sewage sludge disposal technology [23].

The aim of this research was the evaluation of impact of combustion technology on
sewage sludge ash properties, like heavy metals mobility. The analysed technologies of
sewage sludge combustion were combustion in fluidized bed furnace and combustion in
grate furnace.

Materials
Sewage sludge ash from combustion in fluidized bed

One of the waste water treatment plants with combustion sewage sludge in fluidized
bed is installation in Sitkowka-Nowiny. This waste water treatment plant receives waste
water from the sewer system in Kielce - capital of this region, Sitkowka-Nowiny
municipalities and part of the Mastéw municipality. The nominal flow capacity of this
sewage treatment plant equals 270 000 PE. The total amount of waste water influent is
municipal waste water 85% and 15% of industrial waste - mainly from the food and metal
industries. This waste water treatment plant releases around 12 000 Mg/a [24]. The
maximum amount of combustion sludge equals 88.8 Mg/d. This sludge thermal utilization
installation is composed of main elements:

- receipt and storage of sewage sludge,

- sludge drying in discs dryer - drying at 215°C, after drying sewage sludge has 36%
d.m. Dried sludge after leaving the drier is directed to the mixing tank. In this tank
dried sludge is mixed with screenings, sand and fat,

- combustion in fluidized bed - combustion at 850°C.

Sewage sludge ash from combustion in grate furnace

One of the Polish sewage treatment plants in which the sewage sludge is incinerated in
grate furnace is the sewage treatment plant in Olsztyn. The sewage is transported to the
sewage treatment plant by means of a separate sewage system. The capacity of the sewage
treatment plant equals 350 000 RLM. The amount of sewage sludge intended for
combustion equals 760 Mg d.m. of sewage sludge. The maximum capacity of sewage
incineration plant equals 15 Mg/d. The installation of sewage sludge combustion consists of
belt drier and the combustion chamber with a grate.

Methods

The chemical composition of examined sewage sludge ashes was determined by means
of emission spectroscopy method in XRF infrared. The phase composition of sewage
sludge ash was determined with the use of XRD X-ray diffraction methodology. Grain size
distribution of sewage sludge ash was made by laser diffractometer.
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Mobility of heavy metals from sewage sludge ash

The BCR test was applied to determine the heavy metal fraction in sewage sludge
ashes. The sequential extraction method used allows one to determine the mobility degree
of metals which are present in the matrix. The methodology suggested by European
Community Bureau of Reference was used. The tests were conducted in accordance with
the four-step BCR sequential extraction procedure [24], introducing a change in the method
of residual fraction mineralisation, ie aqua regia was used in the process of mineralisation
[12]. The heavy metals in the obtained extracts were determined using an optical
spectrometer with inductively coupled plasma ICP Perkin-Elmer Optima 8000.

Results and discussion

The chemical composition of sewage sludge ash is presented in Table 1. The
compositions of both examined types of sewage sludge ash showed the dominance of
silicon dioxide, calcium oxide and phosphorus oxide. The presence of both silicon dioxide
and aluminium oxide is the result of rain water carrying mineral contamination into the
sewage system, street cleaning as well as water-supply and sewer pipes corrosion [25].

Table 1
Chemical composition of sewage sludge ash
Component Sewage sludge ash from Sewage sludge ash from
Sitkowka-Nowiny ( SSA1) Olsztyn (SSA2)
[%] [%]

Si0, 35.72 25.717
AlLO;s 6.70 9.54
Fe,03 9.56 5.12

CaO 17.46 20.70
MgO 451 448

SO; 1.21 0.30

K,O 1.61 1.87
Na,O 0.52 0.55
P,0s 19.0 21.58
TiO, 1.00 0.77
Mn,03 0.14 0.13

SrO 0.05 0.10

Zn0 0.37 041

BaO 0.11 0.09
CuO 0.06 0.13
TOC 0.09 5.39

In both types of sewage sludge ash, in comparison to literature data [26], a large
portion of biophile element - phosphorus was discovered. A high concentration of
phosphorus in the ash is the effect of i.a using detergents by the inhabitants, sewage
treatment method, especially with the use of coagulants for phosphorus precipitation.

The sewage sludge ash (SSA1) from fluidized bed incineration presented a high degree
of mineralization (TOC - 0.09% d.m.), in contrast to grate furnace sewage sludge ash
(SSA2) (TOC - 5.3% d.m).
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Sewage sludge ash SSA1 presented the following phase composition: quartz,
CayAl(POy);, hematite, orthoclase, albite. The phase composition of sewage sludge ash
SSA2 included quartz, CagAl(PO,);, feldspars. Both quartz and hematite are the typical
sewage sludge ash as well as carbon fly ash phases.

Grain size distribution of both types of sewage sludge ash was shown in Figures 1 and
2. In sewage sludge ash SSA1 x5y equals 58.78 um, xg9 - 319.39 um. Whereas in the sewage
sludge ash SSA2 x5y equals 1480.77 pum, xg9 - 2267.73 pm.
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Fig. 1. Cumulative distribution and density distribution of sewage sludge ash from waste water treatment plant
in Sitkowka-Nowiny
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Fig. 2. Cumulative distribution and density distribution of sewage sludge ash from waste water treatment plant
in Olsztyn

The heavy metals mobility of examined sewage sludge ash is presented in Tables 2 and
3 and Figures 3 and 4. The sewage sludge ash SSA2 presented a lower content of cadmium,
lead and zinc in comparison to sewage sludge ash SSA1. As far as sewage sludge ash SSA1
is concerned, copper, chromium, nickel, zinc were present mainly in the immobile form -
FIV. Whereas lead and cadmium dominated in a potentially immobile form (FIII). In
sewage sludge ash SSA2 the dominant fraction of copper, chromium, nickel, lead and zinc
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was the immobile fraction (FIV). While the dominant fraction of cadmium in ash SSA2 was

the mobile fraction (FI).
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Fig. 3. The contribution percentage of heavy metals in particular fraction in sewage sludge ash from waste water
treatment plant in Sitkowka-Nowiny
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Fig. 4. The contribution percentage of heavy metals in particular fraction in sewage sludge ash from waste water
treatment plant in Olsztyn

Table 2

Speciation of heavy metals sewage sludge ash from waste water treatment plant in Sitkowka-Nowiny

e Heavy metals [mg/kg d.m.]
Speciation Cu Cr cd Ni Pb Zn
FI 11.98+0.21 0.33+0.02 0.90+0.01 2.97+0.02 0.01+0.09 71.65+1.02
FII 8.24+0.08 0.08+0.08 0.74+0.01 3.81+0.04 0.16+0.18 72.96+0.35
FIII 85.42+1.26 1.49+0.13 3.76x0.05 9.92+0.02 | 310.89+2.02 256.21+2.82
FIV 290.99+6.40 73.92+5.29 0.00+0.00 28.90+0.05 | 112.47+0.97 336.85+5.49
XFI- IV 396.63 75.82 5.40 45.60 423.53 737.67
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Table 3
Speciation of heavy metals sewage sludge ash from waste water treatment plant in Olsztyn
o Heavy metals [mg/kg d.m.]
Speciation Cu Cr cd Ni Pb Zn

FI 8.52+0.23 0.29+0.03 0.33+0.01 4.2240.03 0.16+0.12 56.58+0.74
FII 1.11£0.08 0.27 0.05 0.27+0.02 3.34 £0.02 0.64+0.11 58.48+1.33
FIII 58.10£1.72 0.54+0.08 0.22+0.02 5.77+0.08 1.50£0.22 78.28+0.22
FIV 757.26£16.89 | 110.01+10.48 0.00£0.00 44.58+0.39 | 31.94+0.34 | 410.09+5.37

XFI-IV 824.99 111.11 0.82 5791 34.24 603.43
Conclusion

The sewage sludge ash from fluidized bed incineration installation presented a high
degree of mineralization. The conditions in the combustion chamber clearly influenced
the incinerated sewage sludge mineralization degree.

The incineration technology significantly influenced the grain size distribution and the
size of incinerated sewage sludge ash fractions. The ash from fluidized bed installation
presented minor grain size distribution whereas the grain size distribution of ash from
grate furnace installation was considerably homogeneous. According to literature data
the grain size distribution of sewage sludge ash fractions is an important factor
influencing the choice of ash neutralization method ie the usage as an additive
to a particular building material.

The incineration technology of examined sewage sludge did not have a significant
influence on the mobility of heavy metals from the sewage sludge ash. In the examined
sewage sludge ash the heavy metals dominated in the immobile phase (FIV). Cadmium
was an exception which at low concentration, especially in the grate furnace
installation ash, dominated in a mobile phase (FI).

Acknowledgements

The project was funded by the National Science Centre allocated on the basis

of the decision number DEC-2011/03/D/ST8/04984.

References

(1]
(2]
(3]
(4]
(3]
(6]
(71
(8]
[9]

[10]
(1]

Environment. Statistical Information and Elaborations. Warsaw: Central Statistical Office; 2012.

The Law on Waste. Journal of Laws. No. 0. point 21.2013.

The Ordinance of the Minister of Environment of 13.07.2010 on the sewage sludge. Journal of Laws No.
137. point 924.2010.

The Ordinance of the Minister of Agriculture and Rural Development of 18.06.2008. on the implementation
of certain provisions of the act on fertilizers and fertilization. Journal of Laws No 119. point 765.2008.
Commission of European Communities. Council Directive 86/278/EEC of 4 July 1986 on the protection of
the environment and in particular of the soil when sewage sludge is used in agriculture.

The National Urban Wastewater Treatment Program. Regulation of the Ministry of Environment. Republic
of Poland. M.P.03.11.159. Warsaw: 2003.

The Ordinance of the Minister for the Economy of 8.01.2013 on the criteria and procedures approval of
waste to make a particular type of waste. Journal of Laws point 38.2013.

Werle S. Proc ECOpole. 2012;6:65-69. DOI: 10.2429/proc.2012.6(1)008.

The National Waste Management Plan 2010, M.P.90.946.2006.

Werle S, Wilk RK. Renew Energ. 2010;35:1914-191. DOI: 10.1016/j.renene.2010.01.019.

Pajak T. Environ Prot Eng. 2013;39:41-53. DOI: 10.5277/EPE130205.



Assessment of the impact of sewage sludge combustion technology on the properties of ashes 55

[12] Latosifiska J, Gawdzik J. Environ Prot Eng. 2012;38:31-44. DOI: 10.5277/EPE120304.

[13] Council Decision of 19.12.2002 establishing criteria and procedures for the acceptance of waste at landfills
pursuant to art. 16 and Annex II to Directive 1999/31/WE (2003/33/WE) (DzU L 11, 16.1.2003).

[14] Zhang FS, Yamasaki S, Kimura K. Sci Total Environ. 2002;286:111-8. DOIL 10.1016/S0048-
9697(01)00968-8.

[15] Cusidé JA, Cremades LV. Waste Manage. 2012;32:1202-1208. DOI: 10.1016/j.wasman.2011.12.024.

[16] Donatello S, Cheeseman CR. Waste Manage. 2013;33;2328-2340. DOI: 10.1016/j.wasman.2013.05.024.

[17] Parka YJ, Moon SO, Heo J. Ceramics International. 2003;29;223-227. DOIL 10.1016/S0272-
8842(02)00109-8.

[18] Wainwright PJ, Cresswell DJF. Waste Manage. 2001;21:241-6. DOI: 10.1016/S0956-053X(00)00096-9.

[19] Chiou 1J, Wang KS, Chen CH, Lin YT. Waste Manage. 2006;26:1453-1461. DOI:
10.1016/j.wasman.2005.11.024.

[20] del Pilar Durante Ingunza M, dos Santos Jinior OF, Medeiros SA. Advanced Materials Res.
2013;664:638-643. DOI:10.4028/www.scientific.net/ AMR.664.638.

[21] Lin KL, Chiang KY, Lin CY. Cement Concrete Res. 2005;35:1074-1081. DOI:
10.1016/j.cemconres.2004.11.014.

[22] Monzo” J, Paya” J, Borrachero MV, Girbe’s 1. Waste Manage. 2003;23:373-381. DOI: 10.1016/S0956-
053X(03)00034-5.

[23] Wang L, Skjevrak G, Hustad JE, Grgnli Morten G. Fuel Process Technol. 2012;96:88-97. DOI:
10.1016/j.fuproc.2011.12.022.

[24] Ming C, Xiao-Ming L, QI Y, Guang-Ming Z, Ying Z, De-Xiang Let al. Hazard Mater. 2008;160:324. DOI:
10.1016/j.jhazmat.2008.03.036.

[25] Merino I, Are’valo LF, Romero F. Waste Manage. 2005;25:1046-1054. DOI:
10.1016/j.wasman.2004.12.023.

[26] Franc M. Waste Manage. 2008;28:1809-1818. DOI: 10.1016/j.wasman.2007.08.011.

OCENA WPLYWU TECHNOLOGII SPALANIA KOMUNALNYCH OSADOW
SCIEKOWYCH NA WEASCIWOSCI POPIOL.OW

Wydziat Inzynierii Srodowiska, Geomatyki i Energetyki, Politechnika Swietokrzyska w Kielcach

Abstrakt: Ilosci osadow sciekowych powstajacych w krajowych i zagranicznych oczyszczalniach $ciekow
komunalnych stale wzrastaja. Obowiazujace w Polsce i Unii Europejskiej normatywy prawne regulujace
postgpowanie z osadami $ciekowymi przyczyniaja si¢ do wzrostu popularno$ci metod termicznych. Stosowane
metody termiczne obejmuja migdzy innymi spalanie osadéw Sciekowych w piecu ze ztozem fluidalnym lub
w piecu rusztowym. W pracy przedstawiono wyniki badan popiotéw z osadéw Sciekowych pochodzacych
z krajowych instalacji spalania osadéw $ciekowych: ze ztozem fluidalnym - oczyszczalnia w Sitkéwce-Nowiny
k. Kielc oraz z rusztem - oczyszczalnia w Olsztynie. Zbadano mobilno$ci metali cigzkich z popiotéw z osadéw
Sciekowych. Badania przeprowadzono, wykorzystujac metodyke proponowana przez Community Bureau
of Reference (BCR). Stwierdzono, ze dominujaca frakcja metali cigzkich w popiotach z osadéw $ciekowych
pochodzacych z obu instalacji byla frakcja niemobilna.

Stowa kluczowe: popidt z osadéw Sciekowych, mobilno$¢, metale cigzkie






