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Abstract: Sewage sludge ashes from grate furnace and fhddied furnace were used in this research. This
research was carried out to investigate the impfacombustion technology on sewage sludge speniafilieavy
metals from sewage sludge ash. This was achievecbbgiucting a sequential chemical extraction proced
Community Bureau Reference (BCR). This study inidathat heavy metals in sewage sludge ash were
dominant in immobile fractions. Moreover, it waated that the combustion technology of sewage sl not
have a significant influence on the mobility of iiganetals in ashes.
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Introduction

The accumulation of contamination in municipal sgevaludge [1], prevailing norms
[2-7], at the simultaneous increase in the amodrfiooned sewage sludge [8] and the
growth of ecological awareness among citizens leadhe increase of sewage sludge
neutralized with thermal methods [9-11]. The thdrdiaposal of sewage sludge includes
main methods: combustion (grate furnace, fluidibed, smelting and rotary furnace), co-
combustion (with: coal, other fuels, municipal dolivaste), alternative processes (for
instance, pyrolysis) [12, 13]. In Poland the dominaombustion technology of sewage
sludge is fluidized bed furnace, 8 - installatidrmsn all 11 installations [11-14]. According
to the European Committee Reference Document (BREFE incineration with the
fluidized bed was considered as the Best Availdidehnology (BAT) for the sewage
sludge incineration [15].

The advantages resulting from sewage sludge iratio@r include the decrease in
weight and volume of wastes, the thermal destrocti toxic organic compounds, the
recovery of energy and the minimalization of od§L8]. However, the incineration of
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sewage sludge is not a waste-free method becagiderthing ash constitutes approximately

30% of the initial sludge mass [13]. The sewagelgduash, whose chemical and mineral

composition depends da the technology of sewage treatment, the technotdgiermal

sewage sludge utilization, can represent a potehtieat to the natural environment [17].
According to [18, 19], the main elements of the agevsludge ash are Si, Al, Ca, Fe

and P. The phase composition of sewage sludgedieslguartz, whitlockite and hematite.

Aluminum is typically present in feldspar and anmwwps glassy phases [20].

The elements of sewage sludge ash which repregeoteatial threat are heavy metals.
During incineration, most of the heavy metal compisi are vaporized, but later they
condense on the surface of the sewage sludge astigsa[13, 21]. Van de Velden et al
[22] in a study on an industrial scale lasting ozerear, stated that 20% of Hg, 93% of As
and almost 100% of Cd and Pb remained in the sesladge ash.

In order to define the influence of heavy metalston environment it is not sufficient
to determine only their total content in sewagalgiiash. The total content indicates the
degree of environment pollution without providirtgetinformation on metal mobility and
the resulting natural environment hazard. The nitgbdif metals depends on the chemical
form in which they occur in a particular element thie environment [23-26]. The
determination of particular metal forms requiresitiseparation which can be performed by
sequential extraction. One of the sequential eltla@rocedures used is the one developed
by the European Community Bureau Reference (BR@pisting of the following stages
[27-30]:
e Stage |I: CHCOOH extraction - aiming at identification and maasnent of

assimilable and carbonate-bound metals conterftd€tion - exchangeable).

» Stage Il: NHOH-HCI extraction - aiming at identification and asearement of the
content of metals bound with amorphous iron oxide manganese oxide (fraction FlI
- reducable).

» Stage IlIl: HO,/CH;COONH, - aiming at identification and measurement ofdbetent
of organometalic and sulfide fractions (fractionl Floxidizable).

» Stage IV: mineralization of residual fraction (afstages FI - FlIl) with the mixture of
concentrated acid (HCI, HF and HNO aiming at identification and measurement of
the content of metals bound with silicates (fractidV - residual).

The literature, according to the authors' knowleddees not provide numerous
research results of heavy metals speciation frowir@mmental sewage sludge ashes
samples.

The aim of the study was to evaluate the influen€emunicipal sewage sludge
incineration technology on the mobility of heavy taie accumulated in sewage sludge
ashes. This matter is important from the perspedativa potential risk connected with the
environmental exposure of heavy metals which igttrconnected with the content of
mobile forms.

Materials

The material for the study was sewage sludge atingal from two Polish wastewater
treatment plants.
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Sewage sludge ash from combustion in fluidized bed

One of the wastewater treatment plants with conitnustf sewage sludge in fluidized
bed is the installation in Sitkowka-Nowiny. This stewater treatment plant receives
wastewater from the sewer system in Kielce - th@tabof this region, Sitkowka-Nowiny
municipalities and part of the Maslow municipaliffhe nominal flow capacity of this
sewage treatment plant equals 270 000 PE. The aotalunt of wastewater influent is
municipal wastewater 85 and 15% of industrial wasteainly from the food and metal
industries. This wastewater treatment plant releaseund 12 000 Mg/a of sewage sludge.
The maximum amount of combustion sludge equals 88¢2d. This thermal sludge
utilization installation is composed of the followi main elements:

- reception and storage of sewage sludge,

- sludge drying in discs dryer - drying at 215°Gtera drying, sewage sludge has
36% d.m. Dried sludge after leaving the drier iedied 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 wiiehsewage sludge is incinerated in
grate furnace is the wastewater treatment pla@isztyn. The sewage is transported to the
wastewater treatment plant by means of a sepaeatage system. The capacity of the
wastewater treatment plant equals 350 000 PE. Wouat of sewage sludge intended for
combustion equals 760 Mg d.m. The maximum capadisewage incineration plant equals
15 Mg/d. The installation of sewage sludge combusttonsists of a belt drier and
a combustion chamber with a grate. Sewage sludgeiiserated at 85C.

Methods

The chemical content of the studied sewage sludgenvas defined with the use of the
X-ray fluoroscence spectroscopy XRF method. Thesphmontents of sewage sludge ash
were determined with the use of the X-ray diffrantXRD method. Grain size distribution
of sewage sludge ash was conducted by laser ddfratr. SEM analysis of the sewage
sludge ashes was performed with the Microscope ARTA FEG 250.

Mobility of heavy metals from sewage sludge ash

The BCR tests were applied to determine the heastalnfraction in sewage sludge
ashes (SSA).

Sample collection and pre-treatment. The tests were conducted in accordance with the
four-step BCR sequential extraction procedure [B¥tpducing a change in the method of
residual fraction mineralizatione aqua regia was used in the process of mineralizati
[27].

Step one: acid soluble/exchangeable fraction &2 g sample of the sewage sludge
ash was placed in a 100 ttest-tube for centrifuging. Then, 40 tof 0.11 M acid solution
was added. The sample was shaken for 16 h at rempetrature. The extract was separated
from the sewage sludge ash with a centrifuge (4p@g). The content of the water soluble
metals was marked in the liquid.
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Step two: reducible fraction (FIl). The sewage geichsh was washed in 20 tof
distilled water (shaken and centrifuged). Subsetiyied0 cn? of 0.1 M hydroxylamine
hydrochloride solution of pH = 2, was added tosbe/age sludge ash. Nitric acid was used
for the correction of the pH value. The procedussthe same as in step one, the mixture
was shaken and centrifuged. Fraction Il metals weatked in the liquid.

Step three: oxidation fraction (FllIl). The sewagedge ash was carried over
quantitatively to a quartz evaporating dish andcih@ of 30% hydrogen peroxide was
added. The content of evaporating dish was heatedd water bath at 85°C for 1 h. The
process was repeated with the addition of 18 @fi8.8 M hydrogen peroxide solution to
the sewage sludge ash. After drying, the sample tnassferred to test tubes to be
centrifuged and then 50 érnf ammonium acetate solution was added (1 M, p# ritric
acid was used to correct the pH value). The samptshaken for 16 h and afterwards the
sewage sludge ash was separated from the extractidh Il metals were marked in the
solution.

Step four: residual fraction (FIV). The sewage gkicdash was washed and dried to
a solid state. The mineralization of the residuattion was conducted with aqua regia;
30 cn? of concentrated hydrochloric acid and 10°@hconcentrated nitric acid were added
carefully to a 300 crhconical flask together with 0.5 g of sewage sludgk. The conical
flask was heated for 30 min and subsequently ewapdrto dryness. After cooling, 25 tm
of 5% hydrochloric acid was added. The sewage sl was dissolved, carried over to
a metal measuring flask and topped up with 56 eflistilled water. Then the sample was
mixed and strained to a dry dish. In the filtrdte metal forms were marked (fraction 1V).

The heavy metals in the obtained extracts were rmd@ied using an optical
spectrometer with inductively coupled plasma ICFPeEImer Optima 8000.

The mobility of heavy metals in studied sewage gdudsh was evaluated on the basis
of stability indicatorl,. When a metal has an easy soluble and exchangkabie thel,
value is close to zero. In the case when 1, metal is dominant in the stable forms, mainly
residual. Thd, values between zero and one indicate a diffedeatiatribution of metal
both in mobile and immobile forms. The mobility iodtor was expressed with a formula
[31]:

_vIF
where:i - the next stage of sequential extractikn, the maximal number of extractions,
k = 4,F; - the percentage content of metal in every fractibsequential extraction.

Results and discussion

Chemical content of sewage sludge ash is presémt€dble 1. The main compounds
of studied ashes are SIQAIL,O; Fe&0s; CaO, MgO, FOs. The concentration of Spdn
SSA1 equalled 35.72%, and SSA2-25.77%. Adam ettated similar contribution
regarding ashes from sewage sludge combustiomitiZéd bed furnace [32]. Si and Al in
sewage sludge ash mainly derive from treated sewagjee material carried by pluvial
water, cleaning of streets and erosion of the systepiping [33, 34]. A higher content of
SiO, in SSAL in comparison to SSA2 results from the lsostion technology where during
the sewage sludge combustion in the fluidized hathace, a part of sand leaves the
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chamber together with the sludge ash. A high cardgéaO in the studied sewage sludge
ashes was similar to the results of studies coedudty Merino et al [33]. A high
contribution of phosphorus is caused by the usdetérgents by the citizens [33, 34] and
coagulants in a technological line of sewage treatm

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

SiO; 35.72 25.77
Al>03 6.70 9.54
Fe0s 9.56 5.12

CaO 17.46 20.70
MgO 4.51 4.48
SO: 121 0.30
K20 1.61 1.87
Na,O 0.52 0.55
P,Os 19.0 21.58
TiO2 1.00 0.77
Mn,O3 0.14 0.13
SrO 0.05 0.10
ZnO 0.37 0.41
BaO 0.11 0.09
CuO 0.06 0.13

Total organic carbon 0.09 5.39

Cumulative distribution and density distribution 86A1 and SSA2 was shown in
Figures 1 and 2. SSAl was quite a cohesive matevii mean particle size of
approximately 80 um. SSA2 was characterized by npaticle size of approximately
1500 pum.
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Fig. 1. Cumulative distribution and density distitiion of SSA1
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Fig. 2. Cumulative distribution and density distitiion of SSA2

Figure 3 presents irregular surfaces of sewagegsludsh grains. Spherical forms,

abundantly present in ashes from coal combusti6r3@, in studied sewage sludge ashes
were very rare.
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Fig. 3. SEM micrographs of the sewage sludge gsfnom Sitkowka-Nowiny, b) from Olsztyn
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The statistical results of each fraction of heawtats in samples are listed in Table 2.

The analysis of data obtained with the use of saiipleextraction BCR leads to the
conclusion that in SSA1 heavy metals occur mainlg iresidual fraction FIV. In a mobile
fraction FI, the highest recorded value was the ofheinc - 71.651 mg/kg d.m. The F1
fraction also contained copper - 11.98 mg/kg dmickel - 2.9722 mg/kg d.m. The content
of chrome, cadmium, lead in fraction | was belo@ fing/kg d.m. Fraction Il similarly to
fraction | contained the highest value of zinc -9681 mg/kg d.m., secondly of copper -
8.2368 mg/kg d.m., nickel - 3.8101 mg/kg d.m. aadmium - 0.7432 mg/kg d.m., lead -
0.1587 mg/kg d.m., chrome - 0.082 mg/kg d.m. leragorally immobile fraction IllI, the
highest value was of lead - 301.89 mg/kg d.m. Thallest number of organic connections
and sulfides were found for cadmium - 3.7626 mglkg. and chrome - 1.4879 mg/kg d.m.
In fraction IV the largest number of connectionghwsilicates was formed with zinc -
336.85 mg/kg d.m. and copper - 290.99 mg/kg d.na tasidual fraction, no cadmium was
observed.

Table 2
Statistical contentof each fraction of heavy metals in samples
L Heavy metals [mg/kg d.m.]
speciation =TT g [ Ni | b [ n
Sewage sludge ash from waste water treatment jpl&itkowka-Nowiny
Fl 11.98 0.3316 0.9002 2.9722 0.0094 71.651
+0.2085 +0.019 +0.0036 +0.0202 +0.094 +1.0246
= 8.2368 0.082 0.7432 3.8101 0.1587 72.961
+0.0799 +0.0788 +0.0056 +0.0419 +0.1786 +0.3502
= 85.419 1.4879 3.7626 9.9175 310.89 256.21
+1.2642 +0.1278 +0.0497 +0.0238 +2.0208 +2.8183
290.99 73.918 28.897 112.47 336.85
v 6.4018 +5.2851 0+0.0000 +0.052 +0.9672 +5.4907
2FI-IV 396.6258 75.8195 5.40 45.5968 423.5281 732.67
Sewage sludge ash from waste water treatment ipl@isztyn
Fl 8.5196 0.2943 0.3324 4.2244 0.1601 56.578
+0.2258 +0.0336 +0.0137 +0.0317 +0.1222 +0.7355
= 1.1143 0.2740 0.2673 3.3392 0.6368 58.484
+0.0761 +0.0487 +0.0164 +0.0170 +0.1129 +1.3334
= 58.099 0.5404 0.2545 5.7693 1.4961 78.275
+1.7197 +0.0796 +0.0190 +0.0756 +0.2166 +0.2192
FIV 757.26 110.01 0.0000 44576 31.936 410.09
+16.8869 +10.484 +0.0000 +0.3923 +0.3417 +5.3722
2FI-IV 824.9929 111.1187 0.8542 57.9089 34.229 60B.4

'Results are expressed as the mean + standardidesiat

In studied SSA2, heavy metals occurred mainly imahile connections with silicates
- fraction IV. In fraction | the highest amountmliarly to SSA1, was observed for zinc -
56.578 mg/kg d.m. The amount of chrome, nickel bratl were below 0.4 mg/kg d.m.
In mobile fraction 1l the highest value was fouied finc - 58.484 mg/kg d.m., secondly for
nickel - 3.3392 mg/kg d.m., copper - 1.1143 mg/km.dThe content of lead, chrome,
cadmium did not exceed 0.7 mg/kg d.m. In fractibtbe highest value was found for zinc
- 78.75 mg/kg d.m. The smallest amount in fractlinwas observed for cadmium -
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0.2545 mg/kg d.m. In fraction 1V, the highest ambumas found for copper -
757.26 mg/kg d.m. In a residual fraction, similadySSA1, no cadmium was observed.

100
90
g 80
s 70
Q
= 60
2
5 50
T 40
2
= 30
=
S 20
10
Cu Cr Ccd Ni Pb Zn
BEimmobile 94 .90 99 45 69.60 85.13 99 .96 80.40
COmobile 5.10 0.55 30.40 14.87 0.04 19.60

Fig. 4. The mobility analysis of heavy metals inwage sludge ash from Sitkowka-Nowiny,
fraction | + Il - mobile, fraction Ill + IV - immoite
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The percentage contribution of heavy metals in teofpactions (I+Il) and immobile
(IN+1V) for SSA1 and SSAZ2 is presented on Figufeand 5. The metal with the highest
percentage contribution in the mobile fraction footh studied ashes was cadmium
30.4% for SSAL, 29.79% for SSA2. The heavy met#h wisimilar percentage contribution
of the mobile fraction (1+2) in SSA1 and SSA2 wiae719.6% and 19.07% respectively.

The percentage contribution of heavy metals in teolriaction (I+1l) for sewage
sludge ashes occurred in the following series ofelesing values:

- for SSA1: Cd > Zn > Ni > Cu > Cr > Pb,
- for SSA2: Cd > Zn > Ni > Cu > Pb > Cr.

The values of heavy metals stability indicator e tstudied ashes is presented on
Figure 6. The metal of lowest stability indicatalwe for SSA1 and SSA2 was cadmium
41.9% and 27.0% respectively. The heavy metal Wighstrongest bond was chrome for
which the stability indicator value for SSA1 equb88.6% and for SSA2 it was 99.4%.

Cu cr cd Ni Pb Zn ‘

Heavy metals ‘
OlIr Olsztyn @A Ir Sitkdwka Nowiny
Fig. 6. The indicator of heavy metals stabilitystiidied ashes

Conclusions

In the studied sewage sludge ashes obtained fraimtbe wastewater treatment plant
with a combustion of sewage sludge in a grate fierend in a fluidized bed, heavy metals
are dominant in fractions which are consideredvanadbile. These were metals bound with
alumosilicates, sulfates and permanent organoroatalinections.

The series of percentage contribution of heavy Im@tasewage sludge ashes fractions
differ only in the order of chrome and lead.

The mean stability indicator for SSA2 ash is 7%hbigfrom the mean stability
indicator for SSA1 ash. It occurs together withm@aber mobility of Cu, Cr, Ni, Pb and Zn
in ash from the installation with grate furnace bastion. Only in the case of cadmium, the
stability indicator for SSA2 is significantly smeaitl
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The conducted research indicates that the useddkdy of combustion of municipal
sewage sludge did not have a greater influench@mbbility of heavy metals from sewage
sludge ash.
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WPLYW TECHNOLOGII SPALANIA KOMUNALNYCH OSADOW
SCIEKOWYCH NA MOBILNO $C METALI Cl EZKICH Z POPIOLOW

PolitechnikaSwietokrzyska, Kielce

Abstrakt: Badania przeprowadzono w celu oceny wplywu teabgibbpalania osadévciekowych na mobilng@
metali cezkich z popiotdw. W badaniach wykorzystano popiotpsadéwsciekowych pobrane z oczyszczalni
sciekéw ze spalaniem osadéw w piecu rusztowym iwtfluidalnym. Zastosowano chemigzmprocedug
ekstrakcji sekwencyjnej Community Bureau Refere(BER). Stwierdzonoze metale gizkie w popiotach
z osadowsciekowych dominowaly we frakcjach niemobilnych. Bdto zauwzono, ze technologia spalania
komunalnych osadégciekowych nie miata znagezego wplywu na mobilng metali ckzkich z popiotow.

Stowa kluczowe popi6t z osadéwciekowych, metale gikie, mobilng¢



