DOI: 10.2428/ecea.2012.19(11)126 ECOL CHEM ENG A. 2012;19(11):1321-1330

Andrzej WYSOKINSKI' and Stanistaw KALEMBASA'

FRACTIONS OF LEAD AND CADMIUM
IN SEWAGE SLUDGE COMPOSTED
WITH ADDITION OF CALCIUM OXIDE
AND POWER STATION ASHES

FRAKCJE OLOWIU I KADMU W OSADACH SCIEKOWYCH
KOMPOSTOWANYCH Z DODATKIEM TLENKU WAPNIA
I POPIOLOW Z ELEKTROWNI

Abstract: This study determined the effect of mixing sludge with calcium oxide, brown coal and hard coal
ash and composting the obtained mixtures on the total content and fractions of lead and cadmium isolated by
the sequential method. Mixtures of sludge with those components usually contained less lead and cadmium
than the sludge itself. Composting usually resulted in a slight increase in the content of heavy metals in sludge
and its mixtures with all the components. The content of lead was the highest in the organic (average 54.1 %)
and residual (average 33.0 %) fraction in both fresh and composted sludge, with and without all the additions.
The content of cadmium was the highest in sludge and their mixtures in the residual (average 59.3 %) and the
organic (average 13.2 %) fraction. The content of the most mobile fractions of lead and cadmium fractions
(soluble and exchangeable) in the sludge alone as well as in its mixtures with all the components, was rather
small and it did not exceed several percent of the whole. The content of lead in the exchangeable fraction
which was adsorbed on oxides in the organic and residual fraction was found to increase during the
composting process and it was found to decrease in the water-soluble and carbonate fractions. Composting the
waste material under study reduced the content of cadmium in the water-soluble and carbonate fraction
(adsorbed on oxides) and in the organic fraction, whereas the amounts of the exchangeable and residual
fractions increased.

Keywords: sewage sludge, calcium oxide, ash, composting process, lead, cadmium

Introduction

It is common in Poland to use sludge in agriculture as fertiliser. This is economically
justifiable because the large amounts of organic matter and biogenous elements which
enrich the soil can be put to good use [1]. Agricultural use of sludge has some
limitations because of the above-normal content of undesired components, such as
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heavy metals or sanitary contaminations [2]. When introduced to soil, excessive
amounts of heavy metals can reduce the yield and lower its quality and, consequently,
pose a hazard to consumers. The amount of heavy metals taken up by plants fertilised
by sludge depends not only on its amount added to soil, but also on the measures used
to relieve the effects of increased content of the elements. Solubility, mobility and the
availability to plants of most heavy metals can be reduced by soil liming [3-5].
Sanitation of sludge by mixing it with calcium oxide or substances with high calcium
content can be an interesting solution in regard to the phytotoxicity of the elements.
Such procedures lead not only to quantitative changes in the heavy metal content, but
they can also affect their speciation [6]. Monitoring the hazard that is posed to
ecosystems by heavy metals should include determination of their total content, but it
should be supplemented by assessment of their mobility based on identification of their
species [7, 8].

According to the Regulation of the Minister of Environment on the catalogue of
waste [9], by-products of combustion (such as ashes produced by the power industry)
are not hazardous products and, as such, they can be used in agriculture. Along with a
high content of alkaline compounds, ashes contain large amounts of microelements and
heavy metals. The content of heavy metals in ash is not hazardous to plants which are
fertilised with them [10].

The aim of the study was to determine the total content of lead and cadmium and
their fractions in fresh and composted sludge with the addition of CaO, brown coal ash
and hard coal ash, used in the hygienisation of sludge.

Materials and methods

Sludge from mechanical and biological wastewater treatment plants in Siedlce and
Lukow, produced as a result of purification of communal waste with a small proportion
of industrial sewage, was used in the study. In the technological process in the
wastewater treatment plant in Siedlce, sludge is subjected to methane fermentation at
the final stage of separation and compaction. Stabilisation of sludge from Lukow was
performed under aerobic conditions and the excess water was removed by centrifuging.
Organic waste material used in the study contained 18.7 % and 13.8 % of dry matter,
respectively. Fresh sludge was mixed separately with CaO, ash from brown coal and ash
from hard coal at a 2 : 1 dry matter ratio (w/w). The prepared mixtures were then
composted in 200 dm’ plastic containers for 3 months at a temperature of about 20 °C.
The compost was stirred every 30 days and samples for examination were taken. Brown
coal ash from the third flue gas de-dusting filter in the Patnow CHP plant (burning
brown coal from the Belchatow coal mine) contained 17.57 mg Pb and 2.77 mgCd in
1 kg of d.m. Hard coal ash from the PEC power company in Siedlce, contained 74.66
mgPb and 1.30 mgCd in 1 kg of d.m.

The total content of lead and cadmium was determined by the ICP-AES method in
stock solutions obtained by dry mineralisation of the materials at the temperature of
450 °C. After mineralisation, the ash was poured over with 6 mol - dm™ HCI to
decompose carbonates and evaporated to dryness on a sand bath. Subsequently, the
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chlorides obtained in the process were transferred to volumetric flasks in 10 %
hydrochloric acid.

Lead and cadmium fractions were separated by the sequential method (according to
Tessier), using the following solutions for extraction in this sequence: H,O,
1 mol - dm™ CaCl,, 1 mol - dm® CH;COONa, pH ca 5.0, 0.75 mol - dm™> (NH4),C,0,,
pH 3.25, 0.1 mol - dm Na,P,05 [11, 12]. Extraction was carried out for 3 hours in
centrifuge tubes and the deposit was then centrifuged for 20 minutes at a rotational
speed of 5000 rpm. After decantation, before the next extraction solvent was used, the
solid phase was washed twice with H,O, centrifuged (as above) and the relevant stock
solution was prepared. Subsequently, all the solutions were mineralised in H,O, and the
stock solutions were evaporated to ca 5 cm’. The residue after evaporation was
transferred to volumetric flasks in 10 % hydrochloric acid and the content of the heavy
metals was determined by the ICP-AES method.

Results and discussion

The lead content in sludge from Lukow (111.35 mg - kg ') was more than twice
higher than in the sludge from Siedlce (51.18 mg - kg', Table 1), whereas the content
of cadmium in sludge from Siedlce (4.13 mg - kg™') was higher by nearly 2/3 than in
sludge from Lukow (2.65 mg - kg ', Table 2). The content of the heavy metals in sludge
used in the study did not exceed the maximum acceptable content for the substances to
be used in agriculture [2].

The addition of CaO to sludge from Siedlce and Lukow produced a mixture with a
lower content of lead — 36.6 and 32.9 %, respectively (Table 1). The cadmium content
in the sludge with CaO was lower by 39.1 and 44.5 %, respectively, than in the sludge
without the addition (Table 2). The addition of brown coal ash to sludge from Siedlce
and Lukow produced a mixture with a lower content of lead (23.6 and 29.8 %,
respectively) than the sludge without the addition. Mixtures of sludge from Siedlce with
brown coal ash contained less cadmium by 8.2 % than the sludge alone, whereas the
content of the metal in mixtures of sludge from Lukow with the ash was higher by
12.6 % than in the sludge alone. Mixtures of sludge from Lukow with hard coal ash
contained less lead by 10.4 % than the sludge alone, whereas the content of the metal in
mixtures of sludge from Siedlce with the ash was higher by 14.1 % than in the sludge
alone. The addition of hard coal ash to sludge produced mixtures with a lower content
of cadmium (by 22.3 and 16.2 %, respectively) than the sludge without the addition.
Composting sludge after methane fermentation, which was later stabilised in aerobic
conditions, increased the content of lead by 9.2 and 24.8 %, respectively. Composted
mixtures of sludge with CaO, brown and hard coal ash contained more lead by 7.7; 6.1
and 3.8 %, respectively, as compared with its content before composting (average
values for sludge from Siedlce and Lukow, Table 3). The total content of cadmium in
sludge from Siedlce, after being composted for three months, increased slightly by
4.4 %. The metal content in sludge from Lukow increased as a result of composting by
13.3 % (Table 2). The average content of cadmium in the composted sludge and its
mixtures with all the components was slightly higher than in the materials before
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composting, but the difference was not statistically significant (Table 4). The effect of a
slight increase in lead and cadmium content in the organic and mineral-organic
materials under study was caused by mineralisation of the organic matter contained in
them.

Organic fraction accounted for the highest part of lead content in fresh sludge:
58.6 % in sludge from Siedlce and 59.0 % in sludge from Lukow (Table 1, Fig. 1).
About 1/3 (31.2 %) of the total content of lead in the sludge was in the fraction which
was unextractable by the reagents used in the experiment, ie in the extraction residue.
The proportion of lead in the water soluble, exchangeable, carbonate and oxide fraction
was small and equal to: 1.0, 0.04, 4.0 and 4.8 %. Residual fraction (63.2 % in sludge
from Siedlce and 57.7 % in sludge from Lukow [Table 2, Fig. 2]), contained the highest
proportion of cadmium in fresh sludge. It was followed by the organic fraction, which
accounted for 12.9 and 21.2 % of sludge from Siedlce and Lukow, respectively. The
proportion of the most mobile fractions, ie the water-soluble and exchangeable
fractions, in the total cadmium content, was equal to 1.8 % and 10.2 % in sludge from
Siedlce and 4.6 and 4.5 % in sludge from Lukow. The carbonate and oxide fractions
accounted for 11.9 % each of the total cadmium content, both in sludge from Siedlce
and from Lukow. The results confirm the thesis that a small part of the total content of
heavy metals is present in mobile fractions, but they usually form combinations with the
organic and aluminosilicate fractions [13]. However, the mobility of cadmium con-
tained in sludge is higher compared with other heavy metals [14, 15].

The addition of CaO to sludge from Siedlce and from Lukow increased to the largest
extent the portion of the lead fraction which could be extracted with the reagents used,
ie from 31.2 to 61.7 % of its total content. The portion of the exchangeable, carbonate
fraction and that adsorbed on oxides increased to 1.8, 4.5 and 5.5 %, respectively. After
CaO was added to sludge, exchangeable lead was not determined in it, and the portion

[%] 100
B residual
80 M organic
oxide
60 [J carbonate
[0 exchangealbe
0 B water-soluble
20
0
No addition CaO Ash from Ash from
brown coal pit coal

Fig. 1. The proportional part [%] of lead fractions in sewage sludge depending on additives to them
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Fig. 2. The proportional part [%] of cadmium fractions in sewage sludge depending on additives to them

of the organic fraction decreased by more than a half, ie to 26.6 % of the total content.
No considerable changes in the portion of each lead fraction in its total content were
observed after brown and hard coal ash were added to sludge. The portion of lead in
water-soluble, exchangeable and carbonate fraction increased slightly and that in the
residual fraction decreased. After CaO was added to both types of sludge, the portion of
oxide fraction of cadmium increased from 7.2 to 17.2 %. At the same time, the portion
of residual fraction decreased from 60.5 to 54.2 %. After CaO was added to sludge from
Siedlce, the portion of exchangeable fraction decreased considerably, from 10.2 to
2.0 %. Different results were presented by Szymanski and Janowska [16], who
stabilised sludge with lime and observed an increase in heavy metal content in the
ion-exchange fraction and increase in the organic matter mineralisation rate, which
resulted in formation of their mobile species. The portion of water-soluble, carbonate
and organic fraction of cadmium did not change considerably after CaO was added to
the sludge under study. After brown coal ash was added to sludge from Siedlce, the
portion of the exchangeable, oxide and organic fractions decreased, whereas the portion
of carbonate and residual fractions increased. After the same ash was added to sludge
from Lukow, the portion of the water-soluble, oxide and organic fractions decreased,
whereas the portion of exchangeable, carbonate and residual fractions increased. After
hard coal ash was added to sludge from Siedlce, the portion of water-soluble,
exchangeable and carbonate fractions increased, whereas the portion of oxide and
residual fractions decreased. Mixtures of sludge from Lukow with hard coal ash
contained smaller portions of water-soluble, oxide, organic and residual fractions and
larger portions of exchangeable and carbonate fractions than in sludge alone. Research
conducted by Rosik-Dulewska [6] found a small portion of mobile fractions of lead and
cadmium in sludge with an addition of mineral waste. The elements are bound to
poorly-soluble fractions, with limited availability to plants.
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The content of lead in the exchangeable fraction (one which was adsorbed on oxides,
in the organic and residual fraction) was found to increase as a result of composting
sludge and its mixtures with brown and hard coal ash and it was found to decrease in the
water-soluble and carbonate fractions (Table 3). The portion of cadmium in the
exchangeable and residual fraction increased, whereas its amount decreased in the
fractions: water-soluble, carbonate, adsorbed on oxides and organics (Table 4). The
results of this experiment and literature data on forms in which heavy metals occur in
fresh and composted sludge and its mixtures with CaO and with mineral waste with
high calcium content, eg with power plant ash, suggest a low hazard to the environment
posed by the presence of lead and cadmium as the elements are present as species of
low mobility [6, 15, 17, 18].

Conclusions

1. The addition of power plant ash to sludge in most cases resulted in a decrease in
lead and cadmium content in the mixtures.

2. The largest portions of lead and cadmium in sludge with no additions and in
mixtures with CaO and brown and hard coal ash were present in organic and residual
(unextractable) fractions. The content of mobile species of cadmium was small.

3. The addition of power plant ash to sludge in most cases resulted in an increase in
lead and cadmium content in the exchangeable and carbonate fractions and in a decrease
in their content in the oxide, organic and residual fractions. The addition of CaO usually
increased the portion of the oxide fraction and decrease the organic fraction of the
elements.

4. Composting increased the portions of lead and cadmium in sludge with no
additions and in mixtures with CaO and brown and hard coal ash. However, the portions
of water-soluble and carbonate fractions decreased, whereas the portion of exchange-
able and residual fractions of the heavy metals under study increased.
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FRAKCJE OLOWIU I KADMU W OSADACH SCIEKOWYCH
KOMPOSTOWANYCH Z DODATKIEM TLENKU WAPNIA I POPIOLOW Z ELEKTROWNI

Katedra Gleboznawstwa i Chemii Rolniczej
Uniwersytet Przyrodniczo-Humanistyczny w Siedlcach

Abstrakt: Okreslono wptyw mieszania osadéw $ciekowych z tlenkiem wapnia, popiotem z wegla brunatnego
i kamiennego oraz kompostowania otrzymanych mieszanin na zawarto$¢ catkowita oraz frakcje otowiu
i kadmu wydzielone sekwencyjnie. Mieszaniny osadow $cickowych z wymienionymi komponentami
zawieraly najczgsciej mniej otowiu i kadmu niz same osady. W trakcie kompostowania stwierdzono na ogét
niewielkie zwigkszenie si¢ zawarto$ci badanych metali cigzkich w osadach sciekowych i ich mieszaninach ze
wszystkimi komponentami. Zaréwno w §wiezych, jak i w kompostowanych osadach $ciekowych bez dodatku
i ze wszystkimi dodatkami, najwigkszy udzial stanowil otéw we frakcji organicznej ($rednio 54.1 %)
i rezydualnej ($rednio 33.0 %). Kadm w najwigkszej ilosci wystgpowal w osadach scickowych i ich
mieszaninach we frakcji rezydualnej ($rednio 59.3 %) oraz frakcji organicznej (srednio 13.2 %). W samych
osadach $ciekowych, a takze w ich mieszaninach ze wszystkimi komponentami udziat frakcji otowiu i kadmu
o najwigkszej mobilnosci (rozpuszczalnej w wodzie 1 wymiennej) byt niewielki i nie przekraczat kilkunastu
procent catkowitej zawartosci. W trakcie kompostowania osadow $ciekowych i ich mieszanin stwierdzono
zwigkszenie iloci otowiu we frakcji wymiennej, zaadsorbowanej na tlenkach, organicznej i rezydualnej,
natomiast zmniejszyla si¢ ilos¢ frakcji rozpuszczalnej w wodzie i weglanowej. Kompostowanie badanych
materiatow odpadowych zmniejszylo ilo$¢ kadmu wystepujacej we frakcji rozpuszczalnej w wodzie,
weglanowej, zaadsorbowanej na tlenkach i organicznej, natomiast zwigkszeniu ulegta ilo$¢ frakceji wymiennej
i rezydualne;j.

Stowa kluczowe: osady $ciekowe, tlenek wapnia, popiot, kompostowanie, otow, kadm



