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Abstract

The influence of lime addition on metal mobility in sewage sludge was studied. The sequential extraction procedure by
Tessier was used to evaluate metal mobility in dehydrated sewage sludge with and without lime addition. Data from the
partitioning study indicate that As is the most mobile metal in sewage sludge sample, while Ni and Cd are slightly less
mobile. Addition of lime in general decreased the mobility of metals. Exceptions are Ni and Cu. The mobility of Ni
slightly increased after lime addition, while a great increase in mobility of Cu was observed.

The phosphate stabilisation agent hydroxyapatite was added to sewage sludge to evaluate its stabilisation efficiency for
metals and to determine its influence on metal mobility in lime-treated sewage sludge. Water and acetic acid extractions
were used for determination of water soluble and potentially bioavailable metal fractions. Results showed a decrease in
the mobility of all metals after hydroxyapatite addition, especially Pb and Zn. Concentrations of water soluble metals in
lime-treated sewage sludge also decreased after hydroxyapatite addition, but less than in sewage sludge without added
lime. In general, lime had a higher stabilization efficiency than hydroxyapatite, but special attention should be given to

sewage sludges containing high concentrations of Cu.
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1. Introduction

Sewage sludge is recognised as a valuable source
that can be recycled as fertilizer and soil improvement
material for land because it consists largely of organic
substances and also contains nitrogen and phosphorus,
which are the main nutrient elements of plants. However,
high contamination of sewage sludge with metals has be-
come an obstacle to sludge reuse.'

Chemical speciation of heavy metals in sewage
sludge evaluates their bioavailability and sustainability for
land application. Partitioning of heavy metals involves the
fractionation of the total content into exchangeable, acid
extractable (carbonate bound), reducible (Fe-Mn oxides
bound), oxidizable (organic bound) and residual forms.
The exchangeable and acid extractable fractions are mobi-
le fractions and easily available. The oxidizable and redu-
cible forms are leached out only under extreme condi-
tions, while the residual fraction is almost inert. Different

methods have been proposed for metal speciation, but the
method developed by Tessier et al. is one widely used for
this purpose.”™

One approach to reduce the availability of heavy
metals is to decrease the concentrations of available che-
mical species. Immobilization limits the solubility of me-
tals and locks pollutants within the sewage sludge by pro-
cesses of precipitation, adsorption or complexation.’ Lime
treatment of sewage sludge has been used for centuries to
reduce odour generation and pathogen levels in biological
matter. It is a simple and effective method of sludge pro-
cessing that requires little specialized equipment.' Liming
by increasing the pH enables formation of sparingly so-
luble hydroxides that in general decrease the mobility of
heavy metals.

Many studies on chemical stabilisation were perfor-
med using various phosphorus-containing amendments
such as synthetic and natural apatites and hydroxyapati-
tes,>” phosphate rock,® phosphate-based salts,” phosphoric
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acid'™!" and their combination. The apatite mineral
hydroxyapatite [Ca,,(PO,),(OH),] is known to react with
many metals and metalloids, rapidly forming secondary
phosphate precipitates, that are stable over a wide range of
geochemical conditions.” Interaction between apatite and
metals in solution is controlled by apatite dissolution and
results in the precipitation of various phosphate phases.'*!?
The mechanisms suggested by different workers vary, often
depending on the cation considered. Proposed mechanisms
include ion exchange by diffusion, adsorption, dissolu-
tion/precipitation or a combination of several of these.'?

To evaluate the stabilization efficiency of amend-
ments, different extraction procedures are used. In Slove-
nian legislation metal concentrations in water extracts are
the stated limiting factors.'*"'> The Toxicity Characteristic
Leaching Procedure (TCLP) is a regulatory test used wi-
dely to classify solid waste materials as hazardous or non-
hazardous, based on the potential to leach certain toxic
elements.'® The TCLP was designed to reflect the availa-
bility of contaminants under extreme environmental con-
ditions, such as low pH, that could cause the release of
contaminants that would otherwise be stable.

The present study was performed to: (i) evaluate the
mobility of metals in sewage sludge samples, (ii) determi-
ne the influence of lime addition on metal mobility, (iii)
evaluate the stabilization efficiency of hydroxyapatite for
untreated sewage sludge and (iv) evaluate the influence of
hydroxyapatite addition to lime-treated sewage sludge.
The study was focused on the mobility of Cr, Ni, Cu, Zn,
As, Cd and Pb.

2. Experimental

2. 1. Sampling

Two samples of dehydrated untreated (raw) sewage
sludge (SS) and lime-treated sewage sludge (LTSS) that
contained 6% (of dry sewage sludge mass) of lime, were
obtained from a wastewater treatment plant in Maribor.
Subsamples of homogenised sewage sludge used for
analysis were pre-treated according to SIST ISO
11464:1996. Subsamples of sewage sludge used for the
metal stabilization study were preserved at 4 °C.

2. 2. Analytical Procedures

pH values of sewage sludge samples and its mixtu-
res with hydroxyapatite were determined according to
SIST ISO 10390:1996 in a 0.01 M CaCl, suspension (li-
quid to soil ratio 5:1) using a WTW inoLab pH Level 2 la-
boratory pH meter (Weilheim, Germany), equipped with a
SenTix 81 electrode. pH of SS and LTSS was also deter-
mined in water suspensions (liquid to soil ratio 5:1).

CNS analysis was performed according to ISO
10694, ISO 13878 and ISO 15178 after combustion of
samples in a CNS LECO 2000 at 1350 °C.

The concentration of metals in diluted samples was
analysed with an Agilent 4500 series ICP-MS instrument,
equipped with a Babington nebuliser with a Peltier-cooled
spray chamber (carrier gas Ar with a flow of 1.05 L/min,
RF power 1300 W). The standard addition technique
(N=10) was used to avoid matrix interferences. The limit
of detection (LOD) was calculated as the concentration
corresponding to three times the standard deviation (3s,
N=6) of the blank determinations. Blanks were subjected
to the same digestion procedure as samples.

2. 3. Determination of Total Metal
Concentrations

To determine the total metal concentration in sewa-
ge sludge samples and their mixtures, samples were first
dried at 105 °C, powdered and sieved through 0.250 mm
test sieve (RETSCH, Haan, Germany). To determine total
metal concentration, approximately 0.5 g of air-dried se-
wage sample was digested in 10 mL of aqua regia (HNO:
HCl=1:3, both TraceSelect, Fluka, Germany) at 473 K for
4 h, using a PFA digestion vessel (561B, Savillex, Minne-
sota, USA). The contents were filtered through a 0.45 um
membrane filter and diluted to 30 mL with Milli-Q water.
Digestion of samples was performed in duplicate inclu-
ding six blank samples in each digestion series. The certi-
fied reference material CRM 145R (Trace elements in se-
wage sludge) obtained from the Community Bureau of
Reference (BCR, Geel, Belgium) was used to check the
accuracy of the analytical procedures. The concentration
of metals in digested diluted samples was analysed by
ICP-MS.

2. 4. Partitioning of Metals in Untreated and
Lime-treated Sewage Sludge

Fractionation of metals in sewage sludge was deter-
mined according to the Tessier five step sequential extrac-
tion procedure.* Samples used for metal fractionation de-
termination were first dried at 105 °C, powdered and sie-
ved through a 0.250 mm test sieve (RETSCH, Haan, Ger-
many). The extraction was performed in 30 mL poly-
propylene centrifugation tubes (Sarstedt, Niimbrecht,
Germany). A Vibromix 403 EVT mechanical shaker
(Tehtnica Zelezniki, Slovenia) was used to agitate sam-
ples during extraction. Between each successive extrac-
tion, separation was effected by centrifuging in a CEN-
TRIC 322 A (Tehtnica, Zelezniki, Slovenia) centrifuge at
3500 rpm for 20 min. The supernatant was removed with a
pipette and filtered through a membrane filter of 0.45 pm
pore size. After each extraction step 8 mL of Milli-Q wa-
ter was added to the residue, centrifuged for 30 min at
3500 rpm and the supernatant discharged. Metal concen-
trations in extraction solutions were determined with ICP-
MS. Water used in preparing stock solutions was obtained
from a Millipore Milli-Q Ultrapure Water Purification

Kerémar: The Influence of Lime and Hydroxyapatite ...



Acta Chim. Slov. 2008, 55, 1023-1029

System. All reagents used for the sequential extraction
procedure were of analytical grade. Extraction of samples
was performed in triplicate with six blank samples for
each series.

Separate steps of the sequential procedure were per-
formed as follows.

Step 1: Exchangeable fraction

To 1.00000 + 0.00001 g of sample 8 mL of 1M Mg-
Cl, (pH 7, adjusted with NaOH) solution was added. The
suspension was then extracted at room temperature for 1 h
with continuous agitation.

Step 2: Bound to carbonates

The residue from Step 1 was leached at room tempe-
rature with 8 mL 1 M NaCH,COO (pH 5, adjusted with
CH,COOH) with 5 h agitation.

Step 3: Reducible fraction

20 mL 0.04 M NH,OH - HCI in 25% (v/v)
CH,COOH was added to the residue from Step 2. The
suspension was heated at 96 + 3 °C for 6 h with periodic
agitation of the sample.

Step 4: Oxidizable fraction

The residue from Step 3 was extracted with 3 mL
0.02 M HNO; in 5 mL 30% H,O, (pH 7, adjusted with
0.02 M HNO,) at 85 + 3 °C for 2 h with periodic agitation.
After 2 h 3 mL 30% H,O, was added and the sample furt-
her heated for 3 h at 85 + 3 °C. After cooling 5 mL 3.2 M
NH,CH,COO in 20% (v/v) HNO, was added and the sam-
ples were diluted to 20 mL with Milli-Q water.

Step 5: Residual

The residue from Step 4 was digested with aqua re-
gia according to the procedure described above for total
metal analysis.

2. 5. Preparation of Sewage Sludge Mixtures
With Hydroxyapatite

For stabilization studies of hydroxyapatite five mix-
tures of LTSS with hydroxyapatite addition (samples A)
and five mixtures of SS with hydroxyapatite addition
(samples B) were prepared. The amount of hydroxyapati-
te added was calculated as 0% (samples Al and B1), 5%
(samples A2 and B2), 10% (samples A3 and B3), 15%
(samples A4 and B4) and 20% (samples A5 and B5) of
dry sewage sludge mass. Mixtures were prepared in dupli-
cate.

2. 6. Water and Acetic Acid Extraction
of Sewage Sludge Mixtures

To evaluate the stabilization efficiency of metals in
sewage sludge by hydroxyapatite, extractions of samples

with water and 0.11 M acetic acid were performed. Maxi-
mum permitted concentrations of metals leachable in wa-
ter (m/V = 1:10) ratio are stated in the Regulations on Soil
Pollution Caused by Waste Deposits.'* Beside the water
leachable metal concentration, extraction of sludge sam-
ples with acetic acid was performed to evaluate the exc-
hangeable fraction.'®'” This fraction should describe that
part of the metals bound on soil sorption complexes,
which are potentially bioavailable to plants. Extraction
was performed only with sewage sludge mixtures prepa-
red from sludge without lime addition. Since metal solu-
bility strongly depends on pH, 0.11 M acetic acid (pH is
2.8) is not an appropriate extracting solution for estima-
tion of the easily soluble portions of heavy metals in lime-
treated sludge.'®

Extraction of metals from samples with water and
0.11 M acetic acid was carried out in 30 mL polypropyle-
ne centrifugation tubes (Sarstedt, Niimbrecht, Germany).
10.0 mL of Milli-Q water or 20.0 mL of acetic acid, res-
pectively, was added to 1.00000 + 0.00005 g of air-dried
sludge sample. Samples were shaken for 16 h at 150 rpm
using a Vibromix 403 EVT mechanical shaker (Tehtnica
Zelezniki, Slovenia), centrifuged in a CENTRIC 322 A
(Tehtnica, Zelezniki, Slovenia) centrifuge at 3500 rpm for
20 min, decanted and filtered through a membrane filter
of 0.45 um pore size. Extraction of samples was accom-
plished in duplicate with six blank samples for each se-
ries.

3. Results and Discussion

Results of dry mass content, pH, CNS analysis and
total metal content in SS and LTSS are presented in Table
1. The addition of lime to dehydrated sewage sludge (6%)
increased the dry mass content and pH of sewage sludge.
It should be emphasised that the pH of LTSS determined
in CaCl, solution (standard pedological data — potential
acidity of soil) quite differs from the pH determined in
water solution due to the higher ionic strength of CaCl,.

Table 1: Dry mass content, pH, results of CNS analysis and total
metal concentrations in SS and LTSS sample.

parameter SS LTSS
dry mass [%] 14.0£0.12 21.5+0.30
pH (in H,0) 6.6 13.0
pH (in CaC,) 6.71 9.44
C [%] 34.9 24.7
N [%] 6.01 4.01
S [%] 0.69 0.47
Cr [mg/kg] 40.1 0.3 28.4 0.7
Ni [mg/kg] 36.5+0.1 223+04
Cu [mg/kg] 288 0.6 177 £ 6.6
Zn [mg/kg] 678+ 6 466 + 3.7
As [mg/kg] 3.89 +0.7 2.67 0.7
Cd [mg/kg] 1.38 £ 0.07 0.78 +0.02
Pb [mg/kg] 52.8+0.3 35.1+0.3
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3. 1. Partitioning of Metals in Untreated and
Lime-treated Sewage Sludge

The partitioning study of metals in SS and LTSS
was performed by applying Tessier's five-step sequential
extraction procedure.* The results of the partitioning study
for Cr, Ni, Cu, Zn, As, Cd and Pb in both sludge samples
are presented in Figures 1 and 2.

The main fractions between which Cr was partitio-
ned in SS as in LTSS were the residual (52%, 61% respec-
tively), organic (23%, 25% respectively) and Mn and Fe
oxide fractions (13%, 20% respectively). Addition of lime
to sewage sludge had a negligible effect on the exchan-
geable and carbonate-bound fraction. The main shift in re-
distribution of metals caused by lime addition was obser-
ved in the reducible fraction, leading in an increase of re-
sidual fraction concentrations.

The highest proportion of Ni in the SS sample was
associated with carbonate-bound (32%), exchangeable
(25%) and residual (22%) fractions. Lime addition slight-
ly increased the Ni concentration in the easily soluble exc-
hangeable fraction (30%), resulting in a decrease in the
carbonate-bound fraction (19%). These changes agree
with the changes reported by Staelens et al.'® A significant
increase in Ni concentration (from 1 to 24%) in the exc-
hangeable metal fraction after lime addition to sewage
sludge was reported by S¢ancar et.?

Of the heavy metals which commonly occur in se-
wage sludge, Cu has a relatively high affinity for organic
ligands.'” The results of sequential extraction showed that
in the SS sample Cu is predominantly partitioned between
the organic (75%) and residual fractions (14%). Lime
treatment caused the Cu contained in sewage sludge to be-
come unstable. Only 26% of Cu in LTSS was associated
with the organic fraction, whereas 55% of Cu was found
in the exchangeable fraction. This phenomenon was also
observed by other authors." > The alkaline lime can neu-
tralize organic acids and thus reduce the formation of me-
tal-organic matter complexes.?' The data of Sims showed
an increase in plant uptake of Cu due to increasing liming
rate in soils amended with composted sewage sludge.*
There was no change in the Cu concentrations observed in
the carbonate-bound fraction after lime addition.

In both sludge samples Zn was mainly associated
with Mn and Fe oxides (30% for SS and 42% for LTSS),
residual (29% and 32%, respectively) and organic frac-
tions (12% and 26%, respectively). A smaller share of to-
tal Zn was bound to carbonates (9% and 11%, respecti-
vely) and to exchangeable fractions (3% and 5% respecti-
vely). The addition of lime decreased the exchangeable
and organic fraction associated Zn concentrations and in-
creased Zn concentrations in the carbonate-bound, redu-
cible and residual fractions.

A major redistribution of metal due to lime treat-
ment of sewage sludge was observed for As, too. In SS As
was mainly associated with carbonates (51%). The exc-

hangeable fraction portion represented 28% of the total As
concentration. In LTSS As was redistributed from the car-
bonate fraction to the most sparingly soluble residual frac-
tion that represented 42% of the total As concentration.
The exchangeable fraction still contained 23% of total As,
whereas the remaining fraction in LTSS was distributed
between the reducible fraction (11%), organic matter
(15%) and carbonate-bound fractions (8%).

Cd in the SS sample was mainly associated with car-
bonates (38%). The remaining fraction was distributed
between the residual (21%), Mn and Fe oxides (18%), or-
ganic matter and exchangeable (12%) fractions. In LTSS
the proportion of total Cd bound to carbonates was redi-
stributed to the Fe and Mn oxide (35%) and residual frac-
tions (40%).

100% 1
80%
60%
40%

20%

0%

Cr Ni Cu Zn As Cd Pb

B exchangeable fraction B bound to carbonates O reducible fraction

O™ oxidizable fraction M residual

Figure 1: Partitioning of heavy metals in SS.
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Figure 2: Partitioning of heavy metals in LTSS.

In SS Pb was predominantly partitioned between the
residual (up to 76%) and organic fractions (16%). In LTSS
the percentage of Pb in the organic matter fraction decrea-
sed to less than 1%, with an increase in the residual frac-
tion to 90%, while the proportion in the other fractions re-
mained broadly the same.
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Table 2: Comparison of total metal concentrations in SS and LTSS samples with sum the of concentrations determined in separate steps of sequen-

tial analysis.
sample unit Cr Ni Cu Zn As Cd Pb
untreated sequential extraction [mg/kg] 37.7 36.7 280 650 3.98 1.31 51.8
sludge total metal [mg/kg] 40.1 36.5 288 678 3.89 1.38 52.8
recovery % 94.0 100.4 97.4 95.8 102.3 95.1 98.1
lime-treated sequential extraction [mg/kg] 28.2 22.5 180 457 2.61 0.72 34.1
sludge total metal [mg/kg] 28.4 22.3 177 466 2.67 0.78 35.1
recovery % 99.6 101.2 101.9 97.9 97.7 922 97.2
To check the precision of the analytical work, the 25

concentrations of heavy metals in steps 1-5 of the ex-
traction procedure were summed and compared to the
total metal concentration. This comparison of results is
presented in Table 2. The sum of the concentrations of
the separate steps of the sequential extraction procedure
ranged from 94 to 102% of the total metal concentra-
tion.

3. 2. Water and Acetic Acid Extraction
of Sewage Sludge Mixtures

Addition of hydroxyapatite to sludge samples has a
negligible influence on the pH of the samples. The pH of
sludge mixtures determined in CaCl, suspension shifted
from 6.7 in sample B1 to 6.8 in sample B5, and from 9.4
in sample A1 to 9.2 in sample AS.

Results of water and acetic acid extraction of SS
and LTSS and hydroxyapatite mixtures are presented in
Figure 3-5. The efficiency of immobilization was propor-
tional to the amount of hydroxyapatite added for all me-
tals.

The mobility of Cr in the environment depends on
its oxidation state. Cr stabilization mainly involved Cr re-
duction from its toxic and mobile hexavalent form Cr(VI)
to the rather stable Cr(III) form in natural environments.
Water leachable concentrations of Cr in SS represented
only 0.7% of total Cr concentrations, confirming that in
sewage sludge, due to its high organic matter content, the
majority of Cr is in the less mobile Cr(III) oxidation state.
Although alkaline materials like lime that increase soil p-
H above neutral favour the oxidation of Cr(III) to Cr(VI),
the leachable concentrations of Cr in LTSS was compa-
rable with the Cr leachable concentrations in untreated
sludge. In acetic acid media the solubility of Cr increased
to 2% of the total Cr concentration. Results showed that
hydroxyapatite did not have a high stabilization efficiency
for Cr. The water leachable Cr concentration in sample B5
was reduced by only 30% in comparison with sample B1.
The same result was obtained for LTSS mixtures with
hydroxyapatite. A comparable stabilization efficiency of
HA (27%) was observed for the acetic acid soluble metal
fraction of untreated (without lime) sewage sludge sam-
ples, too.
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Figure 3: Water leachable metal concentrations in SS mixtures
with hydroxyapatite. Results are represented as the average of two
duplicates with + deviations as error bars. Water leachable Cd con-
centrations are below the LOD for Cd (< 0.01 mg/kg).
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Figure 4: Water leachable metal concentrations in LTSS mixtures
with hydroxyapatite. Results are represented as the average of two
duplicates with + deviations as error bars. Water leachable Cd con-
centrations are below the LOD for Cd (< 0.01 mg/kg). To improve
the clarity of the figure, water leachable concentrations of Cu (> 75
mg/kg) are omitted.

17% and 23% of total Ni concentration in SS and
LTSS are water leachable. S¢ancar et al. also reported an
increase in water soluble Ni concentrations after sewage
sludge treatment with lime, but to a much higher extent.'®
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Figure 5: Acetic acid leachable metal concentrations in SS mixtu-
res with hydroxyapatite. Results are represented as the average of
two duplicates with + deviations as error bars. To improve the cla-
rity of the figure, water leachable concentrations of Zn (> 55
mg/kg) are omitted.

The extent of stabilization of hydroxyapatite is 45%
(comparing samples B1 and B5) in SS and only 16% in
LTSS. The stabilisation efficiency of Ni with hydroxyapa-
tite was even smaller for the acetic acid leachable fraction
of Ni (15%), where the leachable Ni concentration in sam-
ple Al represents 62% of the total Ni concentration. The-
re are only a few reports in the literature dealing with Ni
stabilization. Misra et al. reported a 40% decrease in Ni
bioavailability after application of 1% of hydroxyapatite
to soil artificially contaminated with NiSO, - 7H,0.> A
much higher stabilisation rate (up to 60%) of Ni was re-
ported by Zupandic et al., but a quite high addition of
hydroxyapatite was used.?

As can be already observed in determination of the
partitioning of metals by Tessier’s extraction procedure,
the mobility of Cu in sewage sludge increased to a great
extent by addition of lime. The water leachable Cu con-
centration at sample B1 represented 2.7% of the total Cu
concentration, while in lime-treated sludge the proportion
increased to 53%. Addition of hydroxyapatite reduced Cu
mobility by 47% in untreated sludge (sample B5 in com-
parison with sample B1). In lime-treated sludge Cu reduc-
tion was only 20%. The results for the acetic acid leachab-
le Cu fraction in LTSS were similar. The acetic acid leac-
hable Cu concentration represented 3% of the total Cu
concentration, while reduction in the leachable concentra-
tion in sample AS was 45%.

Water leachable Zn concentrations represented 3.4%
of the total Zn concentration in SS and 2.7% at LTSS. The
stabilisation efficiency of hydroxyapatite for Zn in SS was
quite high (68% for sample B5), whereas in LTSS it reac-
hed only 28% in sample AS5. The acetic acid leachable
concentration of Zn represents 7.4% of the total Zn con-
centration, but the stabilisation efficiency was surprisingly
only 24%. A higher stabilisation efficiency of hydroxya-

patite for the acetic acid extractable Zn fraction was ob-
served by Zupandic et al., but a higher amount of hydrox-
yapatite was used.”

Water leachable As concentrations in SS represented
28% of the total concentration and 14% in LTSS, while
the acetic acid concentration increased to 72%. It was ex-
pected that addition of HA to sewage sludge would lead to
higher As mobility due to phosphate-arsenate competition
for the sorption complex of the solid sewage sludge phase.
Results showed that hydroxyapatite reduced As mobility
by 25% in sample B5 and 16% in sample AS in the water
leachable fraction and by 13% in sample B5 in the acetic
acid leachable fraction.

The water leachable concentrations of Cd in SS and
LTSS samples were below the LOD, while the acetic acid
leachable fraction represented 30% of the total metal con-
centration, with a stabilisation efficiency of HA of 20%.

Far the best stabilization efficiency of HA was ac-
hieved for Pb. The water leachable concentrations repre-
sented only 0.4% of the total Pb concentration in sample
B1 and 0.6% in sample Al. The decrease in water leac-
hable concentration was 40% for sample B5 and 45% for
sample A5. In the acetic acid fraction leachable concen-
trations represented 2.1% of the total metal concentration,
while the stabilization efficiency of hydroxyapatite was as
high as 72%. It is well known that phosphate amendments
added to contaminated soil efficiently reduce Pb mobility
by ion exchange and precipitation of pyromorphite-type
minerals [Pby(PO,),X; X = F, Cl, B or OH].** USEPA
even included phosphate application, alone or in conjunc-
tion with lime, in the manual on Best Management Practi-
ces for lead in outdoor shooting ranges.”

4. Conclusions

Data from this partitioning study indicate that As is
the most mobile metal in the SS sample since 28% of total
As was extracted in the first step and 51% in the second
step of Tessier’s sequential extraction procedure. Slightly
less mobile are Ni and Cd. The major portion of Cu was
associated with the organic fraction and the major portion
of Zn was partitioned between Fe and Mn oxides, organic
and residual fractions. In SS Pb and Cr are less mobile and
mainly extracted in the most sparingly soluble residual
fraction.

However, despite the beneficial effects of liming, the
increase of pH can also cause negative effects such as an
increase in the mobility of some metals. The data on metal
fractionation of LTSS indicate that special consideration
should be given to sewage sludge containing high concen-
trations of Cu.

According to the metal water leachable fraction in
SS samples, hydroxyapatite demonstrated the highest sta-
bilization efficiency for Zn and Pb, followed by Cu, Ni, Cr
and As. In the LTSS sample the stabilization efficiency of
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hydroxyapatite for metals decreases in the order Pb > Cr >
Zn > Cu > Ni > As. For the acetic acid fraction in SS sam-
ples the highest stabilization efficiency was observed for
Pb, followed by Cu, Cr, Zn, Cd, Ni and As. Although the
addition of hydroxyapatite to LTSS samples decreased Cu
mobility, the water leachable Cu concentrations in LTSS
samples with the highest addition of hydroxyapatite (sam-
ple AS5) are still ten times higher than in the SS sample
without hydroxyapatite (sample B1).

The results of our study showed that in general lime
had a higher stabilization efficiency than hydroxyapatite.
If we compare samples Al (6% of lime on a dry sewage
sludge mass) and sample B5 (20% of hydroxyapatite on a
dry sewage sludge mass), there was a better imobilization
by hydroxyapatite only for Pb.
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V prispevku so prikazani rezultati raziskave mobilnosti kovin v dveh vzorcih odpadnega blata — surovo dehidrirano od-
padno blato in dehidrirano odpadno blato s 6 % (na suho teZo) dodatkom apna. Mobilnost kovin v obeh vzorcih smo
ovrednotili s Tessierjevo zaporedno ekstrakcijo. Rezultati so pokazali, da je v odpadnem blatu najbolj mobilen As, sle-
dita mu pa Ni in Cd. Dodatek apna je mo¢no zmanj$al mobilnost kovin, razen Cu, katerega mobilnost je mo¢no porasla,
opazili pa smo tudi rahel porast mobilnosti Ni. Proucevali smo tudi spremembo mobilnosti kovin v obeh blatih ob do-
datku fosfatnega vezalca hidroksilapatita. Spremembo mobilnosti smo opazovali v frakciji izluzljivi z vodo in frakciji
izluzljivi z ocetno kislino. Dodatek hidroksilapatita je mo¢no zmanjsal predvsem mobilnost Pb in Zn. V splo$nem kaze
apno vecjo mo¢ stabilizacije kot hidroksilapatit. Posebno pozornost je potrebno nameniti odpadnemu blatu z visjo vseb-

nostjo Cu.
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