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1. Introduction

Sewage sludge constitutes an inseparable produsastewater treat-
ment. Its treatment and disposal should complertrenprocesses undergoing
in each Wastewater Treatment Plant. Until now ai@@nt majority of waste-
water treatment plants faced have problems of slddgnation and further on,
organization of a system of its removal and dishd@gproducts generated in
each of the plants constitute troublesome wast&haih most cases is deposi-
ted at the municipal landfill sites. Wastewaterdgke contains considerable
amounts of mineral and organic substances whictemikan attractive mate-
rial to be used for natural purposes, among otheis natural fertilizer. Its ferti-
lizing and soil-forming values are determined maioy the fact that next to the
organic substance it contains nitrogen and phosihas well as nutritive he-
avy metals, the so-called microelements. HowevVes, ihethod of wastewater
sludge management is limited by the content of tikmes heavy metals and
pathogenic organisms. In connection with the alsmme reclamation proces-
ses of waste disposal sites are recommended. Phhosesses are based on lime
application enabling to obtain a hygenized producich at the same time is
adequately stabilized and dehydrated [1].

Sewage sludge applicability for natural purposesprises the follow-
ing processes:

= soil and plants fertilization,
production of compost and fertilizing preparation,
soil-less grounds reclamation,
biological stabilization of dusting surfaces,
soil-drainage fertilization [2].
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Sludges to be used for natural purposes should lgomigh the relevant
standards and regulations permissible concentsatddrheavy metals and pa-
thogenic organisms and also methods of its intrboludo the ground [3].

Our knowledge about the total of heavy metals cotmagons in sewa-
ge sludge still does not reflect their potentiakti for the environment. As the
most mobile, thus, easily penetrating the soil smfuand therefore easily ab-
sorbed by plants, are considered those forms ofyh@@tals which are soluble
in water — the so called exchangeable metals andlsnehemically bound to
carbonates. However, metals bound to iron and nmesgaoxides and to organ-
ic substances are also available for plants burt thkease into the soil is much
slower [4-5].

An annual dose as well as the permissible chargbealvy metals
should be compliant with the Decree of the Minigiethe Environment of Au-
gust £' 2002, concerning municipal sewage sludge [2]. Btign of heavy me-
tals from soil into the food chain depends on miatyors, such as susceptibili-
ty of various plants to pollutants absorbed fronh aod varied degrees of their
accumulation in edible parts of those plants. Ailsimmechanism of entering
and intake of various toxic substances can be wbdein animal organisms.
Transformations and kinetic changes undergoing thighparticipation of heavy
metals inside the living organisms may assume réiffeforms depending on
the matrix of the analyzed material [6,7].

Solidification is the method of sewage sludge manant which dese-
rves particular attention. Waste with various |lsvef hydration may be solidi-
fied both by means of removing liquids frdidlemand by adding specific sub-
stances which change its chemical and physicalepties.

= change of consistence from liquid or semi-liquitbisolid, as a result
of the application of physical processes,

= chemical fixation with stabilization consisting tihe transformation of
components contained in the sludge into the forgolirble or slow-

soluble form in water [8].

Heavy metal compounds present in water, contaisimple ions, oxides,
hydroxides or sulphates, interact creating diffetgpes of bonds and solidification
in the process of stabilizing material hydratioacteon. Metal ions of the mixed
sludges penetrating the pores either get adsombeleowalls of the pores or get
bound into complexes with the stabilizing mass camepts [9].

In the present work some aspects of heavy metalsatjpn before and
after the sewage sludge solidification process. ddrged-out research aimed at
determining the percentage content of heavy metalthe mobile- ion-
exchanging fraction and individual fractions. Areatpt at evaluating the im-
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pact of solidification and the time of its duration the participation of metals
in individual fractions was made. The obtained Itsswill enable us to deter-
mine the degree of heavy metals from sludges ntpbili

2. Materials and methods

Research on the sewage sludge solidification psopesformed with
the use of ash dusts from “Belchatéw” Power Plaas warried out for sewage
sludge samples from from the “Bietawin” Wastewaleeatment Plant in
Chetm. In the solidification process the followidgses of ash dusts were ap-
plied: 0.2; 0.6; 1.0 kg dust/kg d.m. The analysedemal was dried for 48 hours
in the temperature of 186 and then ground in a ball-grinder.

The total heavy metals concentrations in sludgesdaist were determin-
ed after mineralization in a CEM-2100 microwavev@oncentrations of heavy
metals were determined with the use of inductieslypled plasma atomic emis-
sion spectrometry with the use of ICP JY 238 ULTRAIGstrument.

In order to quantify five forms of heavy metals seqtial extraction
was carried out basing on the scheme presentealile T.

Table 1 Scheme of analytic procedures in sequential etxtra[10]
Tabela 1.Schemat pogpowania analitycznego w ekstrakcji sekwencyjnej [10

Fraction Type of extraction a eniremperature Duration and condi,
yp 9 °C tions of extraction
l. _ .
Exchangeable meta s1M MgCl,, pH=7 22 shaking 1 h
Il. -
.11IM ChCOONa acidi- .

Metals bounded wit Niad CH,COOH, pH=5 22 shaking 5 h
carbonates
M.
Metals bounded with0,04M NH,OH ¢ HCI .
iron and manganesén 25% (v/v) CHCOOH 95 shaking 5 h
oxides

0,02M HNG; + 30%

H20; shaking 2 h
Metal; bounded meZOZ, pH=2 shaking 3 h
organic substance 35M CRCOON,

in 20% HNGQ (VIV) 22 shaking 0,5 h
V. . —
Metals residue HF + HNG; mineralization
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After each of the stages the solid phase was depafieom the liquid
phase by means of centrifugation of a sample oiiag/-350 centrifuge (time
of centrifugation — 30 min, rotation speed — 4000/min). The supernatant was
decanted from above the sludge. Next, the sludgerinaed with a small amo-
unt of distilled water, which was added to the ferly extracted solution. In the
so prepared samples the content of heavy metalsletasmined.

Organic carbon contained in the eluate was detegmnith the use of
the total and organic carbon analyzer SHIMADZU TOGB050A.

3. Discussion

Total heavy metals concentrations for sewage slagigeash dusts are
presented in Table 2.

Table 2. Chemical composition of sewage sludge from thest&vin” Wastewater
Treatment Plant in Chetm and of ash dusts fronfBleéchatow’ power plant
Tabela 2.Sktad chemiczny osad&egiekowych z oczyszczaldciekéw ,Bietawin”
w Chetmie oraz pytéw dymnicowych z Elektrowni ,Beatow”

Sewage sludge
Component Ash dusts
IV 2003 X 2003 IV 2004

Lead 21.20 20.123 18.43 30.69

Cadmium 1.64 2.52 2.40 0.97
Nickel 27.20 25.62 30.35 22.77
Zinc 284.00 293.20 272.45 79.20
Copper 40.40 44.02 41.63 23.20
Chromium 78.20 68.14 74.52 136.00

Based on my own test results and on the resultandented by other
authors [11. 12], it can be stated that the detsatinn of the total content of
particular metals is insufficient for proper asseast of their toxicity, assimila-
bility, accumulation and migration, as these pripsrdepend on the chemical
and physical forms in which they occur.

One of the techniques applied in the extractiopasticular phases and
the forms in which they occur was the procedureserfuential extraction. It
consists of multiple extraction of the analyzed gla® with varied leaching
potential reagents. Taking into account my own asde and the researches
carried out by other authors [13, 14, 15, 16, 1aftipular attention should be
paid to the problem of re-adsorption.
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For the purpose of potential risk assessment tagthe the result of the
introduction of the mixture of sludge and dust®itite environment speciation
analysis was carried our directly after and 28 dafter the solidification
process. The results of those analyses are presentables 3 and 4.

Table 3. Speciation analysis of heavy metals content iragevsludge and in the
mixture of sludge and dusts
Tabela 3.Analiza specjacyjna metaliggkich w osadacliciekowych i mieszance
osadowo pytowej

Content of particular heavy metals [%)] Dose of dust
Pb Cd Ni Zn Cu Cr |[kg/kg d.m.]

Fraction

I 3.66 12.00 | 10.72 5.43 0.91 1.67
I 5.14 11.28 | 10.61 | 19.70 0.82 1.58
1] 2160 | 2261 | 36.64 | 51.21 0.87 20.52
v 26.53 | 16.09 | 22.13 7.20 85.98 | 52.10
V 43.07 | 38.02 | 1990 | 16.46 | 1142 | 24.13

sewage
sludge

I 3.01 13.12 13.60 8.12 4.79 9.98
I 2.69 12.83 | 23.88 | 23.15 3.97 8.93
1] 2423 | 23.65 | 15.56 | 52.00 2.35 31.73 0.2
\% 25.78 1494 | 16.48 4.05 80.23 | 37.34
V 44.29 | 35.46 | 30.48 12.68 8.66 12.02
I 2.52 13.68 10.32 4.32 8.63 5.27
I 2.40 13.87 10.99 | 22.68 3.97 3.62
1] 25.20 | 26.22 | 32.44 | 53.33 1.91 30.78 0.6
\% 2431 12.31 15.63 3.40 74.67 | 35.44
V 4557 | 33.92 | 30.62 16.27 10.82 | 24.89

I 1.44 14.69 8.63 8.22 10.55 2.02
I 3.45 14.47 8.61 22.68 3.01 2.37
1] 30.09 | 29.64 | 23.00 | 53.33 2.19 32.62 1.0
v 18.08 | 10.49 | 14.13 2.55 21.09 | 31.55
V 46.94 | 30.71 | 4563 | 13.22 | 23.16 | 31.44
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Table 4. Speciation analysis of heavy metals content iragewsludge and in the
mixture of wastewater sludge and dusts after 28 dagolidification
Tabela 4.Analiza specjacyjna metaliezkich w osadacKkciekowych i mieszance
osadowo pytowej po 28 dniach solidyfikacji

Content of particular heavy metals [%0] Dose of dust
Pb Cd Ni Zn Cu Cr | [kg/kg d.m.]
I 7.58 1598 | 14.72 2.15 2.08 1.42
Il 5.03 14.07 | 14.37 6.07 1.19 1.47
1] 2352 | 15.62 | 30.72 | 27.68 1.06 19.77
v 23.23 5.29 18.07 4.40 45.60 | 41.97
\Y 40.64 | 49.04 | 22.12 | 59.70 | 50.07 | 35.37
I 1.46 4.59 18.09 | 11.08 5.81 13.03
Il 1.95 4.27 17.04 | 15.23 4.90 12.27
1] 18.98 | 22.22 | 14.12 | 50.31 1.93 11.53 0.2
v 18.32 4.10 8.14 1.82 10.74 | 17.92
V 50.29 | 64.82 | 42.61 | 21.56 | 76.62 | 45.25

Fraction

sewage
sludge

I 1.27 5.04 13.73 | 11.15 | 10.10 8.46
I 1.56 5.57 5.87 13.53 4.84 6.66
1] 2242 | 24.41 | 30.77 | 51.60 2.17 19.14 0.6
v 15.55 3.80 6.11 1.21 10.05 | 15.24
V 59.20 | 61.18 | 43.52 | 2251 | 72.84 | 50.50
I 0.51 6.13 12,24 | 11.29 | 1211 5.15
I 2.29 5.61 3.94 12.92 5.68 5.93
1] 2397 | 29.08 | 21.52 | 51.12 1.87 13.99 1.0
\% 14.00 2.52 5.55 0.68 6.63 12.28
V 59.23 | 56.66 | 56.75 | 23.99 | 73.71 | 62.65

Fraction IV is the second largest fraction. In tase of lead this frac-
tion is bound mainly to protein complexes of thetatwionein character and
constitutes on average 26,53% of sewage sludgefrabion gets reduced by
approximately 8,5% at the highest dose of ash dlistan be justified by dena-
turation and/or hydrolysis of the proteins formitgmplex systems, which ma-
kes lead more available accessible and furtheraoses an increase of the per-
centage share of lead in fraction V with the insmeg dose of dust. This last
fraction is the largest of all the fractions anastitutes more than 40% of lead
contained in sewage sludge. The addition of dustudges results in the in-
creased percentage of this metal in the remaimangion by approximately 4%,
and then after 28 days of solidification the petaga of this fraction reaches
approximately 60% forming, most probably as a tesfllime application,
slow-soluble compounds with phosphorus, e.gCRPOy); [18].
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Fig. 1. Characteristics of the percentage share of péatidtactions directly after
mixing for Pb depending on the dose of dusts fad@t-dust mixtures in sewage
sludge samples from Chetm

Rys. 1.Charakterystyka udziatow poszczegdlnych frakcppmérednio po zmieszaniu
dla Pb w zalenosci od dawki pytow dla mieszanek osadowo-pytowych z
wykorzystaniem osadow z Chetma

In the case ofadmium the highest percentage share was determined in
two fractions: fraction Il and fraction V with @latively high share in fraction
IV bound to organic matter, mainly to proteins dd@otng “protection” for
living organisms against toxic properties of thigtat. It was observed that
when ash dusts were added the fraction bound tan@rgnatter got reduced
(Fig. 2) in favor of fraction Il and V respectiyebound to Fe/Mn oxides and to
the residue soluble in the mixture of HF and HNO
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Fig. 2. Dependence of the percentage share of cadmiuradtidn 1V on the dose of
ash dusts and time of solidification for sewagegiifrom Chetm and its
mixtures

Rys. 2.Zaleznos¢ udziatu kadmu we frakeji IV od dawki pytéw dymniegch i czasu
zestalania dla osadéw z Chetma i ich mieszanek

Together with the increased dose of dusts a sligtew percent in-
crease of the percentage share in fraction | vaighcorrelation coefficient iR=
0,945 was observed. It can be justified by the flaat cadmium occurs in ash
dust in the form adsorbed on the surface of dudicfes and as a result it can
be relatively easily released. After 28 days oidsfatation we observed that the
percentage share of cadmium in fraction | was reduo approximately 5-6%.
In fraction Il bound to carbonates we observedghsincrease of the share of
this metal when dusts are applied which can béfipttby the fact that it is
absorbed on the surface of dust particles. In #s® ©f fraction Ill bound to
Fe/Mn oxides a few percent increase was observe whsts were applied. A
relatively high percentage in fraction Il does fiptit the possibility of mixtu-
res application as this fraction is not mobile atable in environmental condi-
tions. Fraction V, similarly to fractions 1, 1l andl, increased the percentage
share proportionally to the dose of dusts appliedas to be stressed here that
at the highest applied dose of dusts reductiorhisfftaction was observed to-
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gether with an increase of the share in fractiorbtlund to Fe/Mn oxides. It
implies that occlusion in oxides is the most coritipetone.

Nickel seems to be the easiest metal to be immobilizeen i sludge
itself its percentage share in the bio-availabéetions | and Il oscillates around
the level of approximately 10%, in more than 35%sitoound to the oxides
fraction and in more than 22% to the organic fracti
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Fig. 3. Percentage share of nickel for particular fractionwastewater sludge before
and after process of solidification with the do$ewst in the amount of 1 kg

dust/kg dry mass
Rys. 3.Procentowy udziat niklu dla poszczegdlnych frakejpsadacKciekowych
przed i po procesie solidyfikacji dawi kg pytu/kg s.m.

When ash dusts are added fraction V increases b tian 25%.
However, the fastest changes are observed in ticeqtage share in fraction IV
— the organic fraction — where nickel is most ptpaound in the form of
simple bio-complexes. Similar changes are obseirvéide function of the time
of solidification.

Fraction Ill occurs on the level of 36% and itsqegitage share after
ash dusts are added is reduced to the level of 28%, 28 days of solidifica-
tion, where in fact the balance is already esthbtls the share of nickel in the

Tom 8. Rok 2006 19



Aneta Czechowska-Kosacka, Lucjan Pawlowski

oxides fraction drops down to 21% at the maximursedof dust. Low correla-
tion coefficients for fraction Il = 0,08, with the determination coefficient
R%, = 0,007 indicate that the volume of Fe/Mn oxidessb fraction Il does
not depend on the dose of dusts.

Nickel's behavior indicates that it occurs in sladg the form of simple
ions or labile complexes with humic or fulvic acidsase with which this metal
gets immobilized indicates at the fact that evemsaterable content of nickel in
sewage sludge cannot constitute a serious probleem\it comes to its use for
natural purposes.

Zinc is a metal, whose percentage share in particldatiéms oscillates
around the level of 5% in fraction | and approxietat20% in fraction Il, and
these are the two forms which are the most availabes. With the increase of
the dose of dusts and the resulting increase diaptdér of the mixtures we ob-
serve its increased percentage in fractions | &nld klkaline environment in-
tensified mobility of zinc is observed in the preseof complex anion or oxo-
anion e.g. tinates formation. In the case of ziadigular attention should be
paid to its increase in the percentage share atidraV, in which a 10% growth
at the maximum dose of 1 kg dust/kg d.m. after &@gsdof solidification was
observed. This phenomenon is beneficial and ingéctat zinc immobilization
time is a rather significant parameter. Fractidrbdund to iron and manganese
oxides constitutes approximately 27% of sharegwage sludge. This fraction
increases its share proportionally to the dosaustsdreaching over 50% of zinc
content at the highest applied dose. As a reswtlding dusts to sewage sludge
the percentage share of zinc decreases in frafifiddound to organic matter.
For sludge with no dusts added the percentage esdhb level of approximate-
ly 4% while in the sludge with the maximum dosedofts it drops down to
0.6% (Fig. 4).

The lowest bio-available fraction V occurs on tkedl of 60% before
solidification. Dusts added in the maximum dosethe sludge-dust mixture
result in the reduction of this fraction to aboG#4. This type of zinc’s behavior
can by justified by the fact that this metal ocdarall the elements of the envi-
ronment as a result of which active places whichldc@ause its sorption or
deactivation get in fact saturated.
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percentage share in fraction 1V [%]
o P N W A O O N ®
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=@=—sewage sludge with no share of dusts

== s|udge-dust mixture with the share of 0.2 kg of dust/kg d.m.
sludge-dust mixture with the share of 0.6 of dust/kg d.m.

=== sl|udge-dust mixture with the share of 1.0 kg of dust/kg d.m.

Fig. 4. Dependence of average percentage share of zfrection IV on the dose of
dusts and solidification time for sewage sludgeamfrom Chetm and its
mixtures.

Rys. 4.Zaleznos¢ srednich udziatéw cynku we frakcji IV od dawki pytdwezasu
zestalania dla osadéw z Chetma i ich mieszanek

In the case otopper, the situation is slightly different than in the eas
of cadmium, as we are dealing with an element wiricimore than 80% is
bound to the organic fraction. Copper in fractivhi$ not bound in a homoge-
neous way and it occurs in the form of protein clexgs — susceptible to pH
changes — and also complexes with porphirine rnlgss susceptible to the pH
balance alterations - which can release copperhiased on the ionic exchange
process. Copper may be replaced with ions of sindiameters e.g. Mg. A
similar exchange may take place in the case 6f&we C4&" ions. Rather large
residues of the organic fraction even after a lopgeiod of solidification prove
that a considerable part of copper occurs in the fof porphirine complexes
(6-10% after 28 days of solidification).

Prolonged solidification time and an increased dufsdusts cause the
growth of the percentage share in fraction V aigaificant participation of
fraction IV (Fig. 5), which proves intensive coagbn with the dose of dusts
R%v = 0,97. With time copper contained in the sludgstdnixture transforms
into slow-soluble ions bound to fraction V (approgitely 23% at the dose of
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dust 1 kg dust/kg DSM). Slow speed of these transfitions confirms that
what we observe is rather an ion exchange process.
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Fig. 5. Changes in the percentage share of fraction IVT&@ for copper depending
on the dose of dusts for sewage sludge and itaumistformed with the sludge
from Chetm with regard to the time of solidificatio

Rys. 5.Zmiany udziatéw frakcji IV i TOC dla miedzi w zaieoici od dawki pytow dla
osadow i ich mieszanek wytworzonych na bazie osad®hetma
Z uwzgkdnieniem czasu zestalania.

In the case oEhromium we have observed a similar behavior in frac-
tions | and Il. The percentage in fraction | osdé#s around the level of 1.6%
for sewage sludge itself up to 5-9% for sludge-dusttures while at the hi-
ghest dose of dust after 28 days of solidificaftareaches the level of 2%. In-
creased share of chromium in these fractions mapdeesult of CY presence
on the surface of dust particles. However, the ¢nas/not a significant one and
does not limit the safety of the mixtures applied.

Fraction IV (fig. 6), constituting over 52%, is tfraction the volume of
which decreases both with the application of dast$ with the time of solidifi-
cation. The fact that initially fraction mineraltzéan undergoes very fast and
then gradually slows down proves that there exetyrforms of organic chro-
mium.
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Fraction V shows a reverse tendency when comparedattion IV
which when the dusts are applied increases itedham 24% up to more than
60% after 8 days of solidification at the maximuosé of dusts.
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————fr— nercentage share of fraction 1V after 14 days of solidification [%)]
= 4§l = TOC content x 10 after 14 days of solidification [ppm]
percentage share of fraction IV after 28 days of solidification [%)]
° TOC content x 10 after 28 days of solidification [ppm]

Fig. 6. Changes in the percentage share of fraction V@@ for chromium
depending on the dose of dusts for sewage sludfy@ésamixtures formed with
the sludge from Chetm with respect to the timeaditigfication.

Rys. 6.Zmiany zalendici frakcji IV i TOC dla chromu w zaleosci od dawki pytow
dla osad6w i ich mieszanek wytworzonych na bazélos z Chetma z
uwzgkdnieniem czasu zestalania

4. Conclusions

Analyses carried out on raw sewage sludge and udgsl solidified
with ash dusts prove that:

1. Ash dusts-hygienised sewage sludge from the “BigfaWastewater Tre-
atment Plant does not pose any chemical threatraydoe used for any na-
tural purposes in any possible way.

2. Together with the alkaline reaction increases tbiecentration of copper
and zinc in the ion-exchange fraction.
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3. Tests of the fractioned leaching show that biolaléé fractions get re-
duced for each of the analyzed metals. Zinc cartgeitan exception but it is
widely available in the environment while in theseaof nickel and chro-
mium the share of the bio-available fractions doasexclude the possibili-
ty of their use for natural purposes.

4. Low content of heavy metals in the sludge-dust uneg creates a possibili-
ty for multiple soil fertilization without the that of introduction of excess
heavy metals.

5. The component applied for solidification is an egitally arduous waste
material and its application instead of burnt lih@s a strong economic ju-
stification.

6. The applied technology of sludge solidification lwash dusts is a simple
and easy method and the obtained product is nobasdwhen its odor is
concerned.
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Wptyw dodatku materiatéw
zestalapcych na immobilizacje
metali ciezkich w osadachsciekowych

Streszczenie

Metodh utylizacji osadowsciekowych zastugapa na szczegdlln uwag: jest
solidyfikacja. Odpady o thym uwodnieniu mogby¢ zestalane zaréwno poprzez usu-
wanie z nich cieczy jak rownigorzez dodanie do nich specjalnych substancji pewod
jacych zmiar wtasciwosci fizycznych i chemicznych. Ohignie kosztoéw solidyfikacii
stalo s¢ mazliwe przy zastosowaniu pytdow dymnicowych zawiecgch w swoim
sktadzie due ilosci tlenku wapnia.

W pracy przedstawiono wyniki badlalotyczce okrdlenia wptywu solidyfi-
kacji osaddwéciekowych na immobilizagjmetali cizkich.

Badania solidyfikacji osadowiciekowych za pomec pytow dymnicowych
z Elektrowni ,Betchatow” wykonano dla prébek osaddéwiekowych pochodych
z oczyszczalniciekdéw ,Bietawin” z Chetma, stosag dawki 0,2; 0,6; 1,0 kg pytu/kg
s.m.o.
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Calkowite stzenia metali aizkich w osadacliciekowych i pytach oznaczono po
mineralizacji w mineralizatorze mikrofalowym CEM{@L Stzenia metali aizkich
0znaczono przy zastosowaniu aparatu ICP JY 238 WAR

W celu ilgsciowej analizy piciu form wystpowania metali eizkich przepro-
wadzono sekwencyjnekstrakog w oparciu o schemat przedstawiony w tabeli 1.

Na podstawia badawtasnych oraz badeprzedstawionych przez innych auto-
row [11, 12], mana stwierdai, ze oznaczanie catkowitej zawastd konkretnych meta-
li jest niewystarczage do wigciwej oceny ich toksyczrigi, mazliwosci asymilacii,
akumulacji oraz migracji, poniewae whasnéci zaleza od chemicznych i fizycznych
form, w ktérych wystpuja.

Jedny z technik stosowanych w ekstrakcji poszczegélnfgzhi form, w kté-
rych one wysipuja jest procedura ekstrakcji sekwencyjnej. Polegaraavielokrotnej
ekstrakcji analizowanych prébekaymi reagentami. Biac pod uwag badania wia-
she oraz badania innych autoréw [13, 14, 15, 1bs4dzeg6la uwag: nalezy zwrécic
na problem ponownej adsorpciji.

W celu oceny potencjalnego ryzyka, ktérezadoy¢ wynikiem wprowadzenia
mieszanki osadu i pylow dérodowiska przeprowadzono analizspecjacyja bezpo-
srednio po oraz po 28 dniach procesu solidyfika®jylyniki analiz przedstawiono
w tabelach 3 i 4.

W celu okrgélenia poziomu immobilizacji metali €ikich przeprowadzono
frakcjonowanie osadow, przed i po procesie soliddji stosugc procedug ekstrakciji
sekwencyjnej. Skladaesbna z wielokrotnej ekstrakcji poddanych analiziébek od-
czynnikami o zrénicowanym potencjale tugowania.

Z przeprowadzonych analiz surowych osad@wekowych i solidyfikowanych
pytami dymnicowymi wynikaze:

1. Osadysciekowe zhigienizowane pytami dymnicowymi pochatkz z oczysz-
czalni sciekéw ,Bietawin” nie stwarzaj zagraenia chemicznego i magoy¢
wykorzystywane w kadym sposobie przyrodniczego wykorzystania.

2. Wraz ze wzrostem pH wzrastagztnie miedzi i cynku we frakcji jonowy-
miennej.

3. Testy frakcjonowanego wymywania pokaguje dla kadego z analizowanych
metali zmniejszeniu ulegajfrakcje biodosipne. Wyptek stanowi cynk, ale
jest on pierwiastkiem powszechnie dgstym w srodowisku, natomiast
w przypadku niklu i chromu wiellégi frakcji biodostepnych nie przelkéte ich
przyrodniczego wykorzystania.

4. Niskie zawartéci metali ckzkich w mieszankach osadowo-pytowych stwarza-
ja mazliwo$¢ wielokrotnego naweenia gleby bez obawy wprowadzenia nad-
miaru metali aizkich.

5. Zastosowany komponent do solidyfikacji stanowi mateodpadowy ucizli-
wy ekologicznie, a zastosowanie go zamiast wapt@npgo ma mocne uza-
sadnienie ekonomiczne.

6. Zastosowana technologia solidifikacji osadéw pytatymnicowymi jest pro-
sta i tatwa w realizacji, a otrzymany produkt réstjucazliwy zapachowo.
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