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Abstract

A combination of two-aqueous asphalt emulsions was proposed for stabilization/solidification treatment of galvanic sludges prior to
landfilling. The presented procedure comprises mixing the galvanic sludge with a slow setting nonionic asphalt emulsion and subsequently
forming a secondary asphalt barrier by means of a rapid setting anionic asphalt emulsion. The method was tested on four samples of galvanic
sludge from various galvanizing plants, with various water and pollutant contents. Stabilization efficiency was assessed by water-leaching test,
TCLP test and by determining ecotoxicity of leachates. Leachate parameters exhibited very low values and favorable results of ecotoxicological
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ests indicate high efficiency of the developed procedure for galvanic sludge disposal.
2005 Elsevier B.V. All rights reserved.
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. Introduction

An inherent constituent of the majority of products, from
etty consumer goods up to complex technological devices,

s that their surface is treated for corrosion-resistance as well
s for cosmetic reasons. Electroplating, as one of the most
idely expanded technologies particularly for treatment of
etal surfaces, is at present an entirely commonplace ingre-
ient in a number of manufacturing processes. The princi-
le of electroplating, put in a greatly simplified manner, is
lectrochemically forming a thin layer of metal on an object
eing plated through the action of direct current on an elec-

rolyte solution containing cations of the metal used for plat-
ng (so-called galvanic bath). The metal plated object forms

negative electrode and the positive electrode usually (but
ot necessarily) being of a metal employed for plating. The
etals usually applied to produce electroplated coating are
r, Sn, Cu, Zn, Ni, Cd, Pb and Fe, for special purposes, Ag,
u or Pt. Besides, galvanic treatments also include anodic

∗ Corresponding author. Fax: +420 577 210 722.

oxidation of aluminum, so-called eloxal process. Galv
baths may be either acidic or basic. The acid baths m
contain sulfates, but also chlorides, nitrates, oxides or
bonates of the mentioned metals, while cyanides have a
solute majority for basic baths. After a certain period of
the galvanic bath becomes so exhausted and/or inadmi
contaminated that its replacement becomes necessary
thus becomes waste, wastewater. Apart from that, the
vanizing plant wastewaters also contain waters from rin
of finished metal plated products and also wastes prod
in necessary processes of mechanical and chemical s
treatment carried out prior to actual metal plating (degr
ing, derusting, pickling, grinding, polishing).

It is obvious from above that electroplating repres
a significant potential source of environmental pollut
Treatment of wastewaters from galvanizing processes re
in producing so-called galvanic sludge. Cyanides conta
in basic baths are oxidized by means of chlorinated lim
chlorine dioxide[1] or even Fe(VI)[2]. Acidic and basi
waters are subsequently mixed together. Present meta
then precipitated with lime in the form of oxides or h
E-mail addresses:bednarik@ft.utb.cz (V. Bednarik),
ondruska@ft.utb.cz (M. Vondruska), mkoutny@ft.utb.cz (M. Koutny).

droxides and low-soluble calcium sulfate is simultaneously
formed. The galvanic sludge originates from the precipitate
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by its dewatering. It represents hazardous waste and must
be stabilized prior to landfilling in order to prevent releasing
of present pollutants into the environment.

Herein, it must be emphasized that composition of gal-
vanic sludge is given in the first place by currently used elec-
troplating technology, and not only differs from the galvanic
sludges from various galvanizing plants, but naturally also
from sludges from the same plant depending on the particu-
lar type of plating performed.

Metal recovery from galvanic sludges has been under
study[3–7], but it is not being realized at present and will
probably not be easily implemented on a technical scale in
the case of a galvanizing plant carrying out a wide range of
electroplating treatment owing to the mentioned presence of
a number of metals and employed chemicals.

Common stabilization/solidification (S/S) of galvanic
sludges with cement or pozzolanic materials in specific cases
leads to markedly reduced leachability of pollutants[8–10],
but it is encumbered by two-adverse facts: amphoteric met-
als (Cr, Pb, Zn) can easily leach from solidified waste at high
pH value given by CaO content in cement[11], and the con-
crete matrix does not resist an acidic leaching medium attack
or other environmental influences[12]. An acidic leaching
medium has to be taken into consideration with respect to
organic acids originating in the body of landfill and to the
reality of acid rains.
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2. Experimental

2.1. Asphalt emulsions

Two-aqueous asphalt emulsions employed were as fol-
lows:

• slow setting, nonionic, clay-stabilized asphalt emulsion,
commercial product designated Gumoasfalt SA-7, asphalt
content 50–55%, asphalt softening point 42◦C, pH 11–12,
emulsifier—alkalized vinsol resin (approximately 1.5%),
stabilizer—bentonite (approximately 2.5%);

• rapid setting, anionic asphalt emulsion, commercial prod-
uct designated Silembit S-60, asphalt content 60%, asphalt
softening point 37–44◦C, pH 12–13, emulsifier—salts of
higher saturated organic acids.

Both emulsions are produced by Paramo Co., Pardubice
(Czech Republic) and are used in road construction and build-
ing industry.

2.2. Galvanic sludges

Tests were run on four samples of galvanic sludges from
four different galvanizing plants. The sludges in question
were obtained by precipitation from galvanic wastewaters
by means of lime and subsequent dehydration of precipitate
i tely
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Some other procedures for disposal of galvanic slu
ere found in literature, e.g. incorporation in ceramic m

ials [13,14]or thermal treatment[15–17].
However, due to the mentioned variability in compo

ion of galvanic sludge, a more suitable method of galv
ludges disposal seems to be that one which is universa
ndependent on current pollutant content. This requirem
an be met in the case of S/S by asphalt binders be
sphalt, as a highly hydrophobic substance, is capab

orming an immobilizing barrier efficiently preventing a
ollutant from leaching out from stabilized waste into
nvironment[18,19]. At the same time, asphalt is excepti
lly resistant to chemical and biological influences[20,21]so

hat long-term stability of asphalt-solidified wastes in a la
ll environment may rightfully be anticipated, as oppose
astes stabilized by hydraulic binders. Nevertheless, m
sphalt technology, beside well-known complications
erning asphalt melting (energy requirements, deman
andling, gaseous emissions), is applicable with diffic

n the case of galvanic sludge S/S also due to a large qu
f water (20–70%) present in the sludge. On the cont
/S of wastes employing aqueous asphalt emulsions
ot suffer from these drawbacks. Asphalt binder produ
y emulsion breaking retains all of the adhesion, dur

ty and water-resistance of the asphalt binder from which
mulsion was produced[22]. Furthermore, choice of suitab
sphalt emulsions with respect to surface charge of w
articles achieves better compatibility of the waste–as
ixture[23], and thus also achieve potentially better res

o those attained applying melted asphalt binder.
n filter press (sample 1, sludge dry matter approxima
0%; metals content in dry matter: Ca 3.6%, Cr 2.6%
8%, Ni 1.6%, Cu 1.5%, Zn 13.8%—determined by X-
uorescence spectroscopy) or centrifuging and drying (
les 2–4, sludge dry matter 30–35%; metal content in
le 3: Ca 13.4%, Cr 0.2%, Fe 8.2%, Ni 0.2%, Cu 0.7%
.4%, Cd 2.0%—determined by X-ray fluorescence s

roscopy). Sample 2 came from a galvanizing plant, w
erely chrome and zinc plating and eloxal process were

ied out; samples 1, 3 and 4 came from galvanizing plants
ying out any type of electroplating. Approximately, 20 kg
ach sludge was sampled, homogenized by mixing in a
ratory kneader and stored in airtight closed container
sed.

.3. Procedure of S/S and specimen preparation

The S/S procedure was based on empiric findings ga
n S/S of ash and salt from a waste incinerator[23] and of
oncombustible industrial waste[24].

The first step involved mixing galvanic sludge with sl
etting asphalt emulsion in the chosen ratio and hom
nizing the produced mixture for approximately 15 m
he mixture, in a quantity of 100–130 g, was subseque
ut into a duralumin cylindrical mold of 40-mm i.d., co
acted under pressure about 0.4 MPa and then pushe
roducing thus a cylinder-shaped test specimen of h
bout 100 and 40 mm in diameter. This test specimen
ept freely in air for 48 h to ensure complete break
f the asphalt emulsion. It was then hung on polyam
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thread, sprayed with the rapid setting asphalt emulsion
and left for additional 24 h so that excess emulsion could
drip off creating a stiff asphalt coating. In order to ensure
that a continuous, nonporous asphalt coating was formed
on its surface, the specimen was briefly dipped into the
rapid setting asphalt emulsion, and subsequently left hang-
ing again for another 48 h till the asphalt coating com-
pletely dried up. Based on dimensions and weights of test
specimens, measured prior to and after formation of as-
phalt coating, the thickness of the coating was estimated at
0.2–0.8 mm.

2.4. Leaching tests

Leachability of untreated galvanic sludges was evalu-
ated using two-standard leaching methods: TCLP test (EPA
method no.1311) with extraction liquid #2 (aqueous solution
of acetic acid, pH 2.88± 0.05, liquid/solid ratio 20:1, leach-
ing time 18 h) and leaching test with deionized water (DIN
38414 S-4, liquid/solid ratio 10:1, leaching time 24 h).

Evaluating stabilization/solidification of galvanic sludges
utilized the same leaching tests; however, disintegration of
the test specimens prior to leaching down to the particle size
specified by the leaching tests instructions was not carried
out. Tests were run on monolithic test specimens provided
w d in
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• bacteriumPseudomonas putida(ISO 10712:1995, growth
inhibition test);

• higher plantLatuca sativa(OECD 208/1984, terrestrial
plants, growth test);

• freshwater algaScendesmus subspicatus(ISO 8692:1989,
growth inhibition test);

• crustaceaArtemia salina.

In the test with crustacea, the percentage of immobilized
organism was evaluated in media containing various leachate
contents during a 72-h exposure. The basic medium em-
ployed was synthetic seawater (ISO 10253:1995).

3. Results and discussion

3.1. Characterization of tested galvanic sludges

All four samples of galvanic sludges were subjected to
the mentioned leaching tests (Tables 1 and 2). Table 1sum-
marizes contents of relevant metals and values of selected
parameters in aqueous leachates. Despite the fact that gal-
vanic sludges contain considerable quantities of metals, it
is obvious from results that aqueous leachates contain these
metals in relatively low concentrations. This contradiction
is merely apparent because metals are present in the form
of low-soluble oxides and/or hydroxides or carbonates. This
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ith the asphalt coating, preparation of which is describe
ection2.3.

.5. Analysis of leachates

Metals were determined by atom absorption spectro
tometer (AAS) (GBC 933 AA, GBC Scientific Equipme
Pty. Ltd., Australia).
Specific conductivity was measured with microproce
conductometer LF 3000 with automatic temperature
rection to 25◦C (Wissenschaftlich Technische Werksta
GMBH, Germany).
Determination of DOC (dissolved organic carbon) w
performed employing carbon analyzer TOC 5000A (S
madzu Corp., Japan).
F− anions were determined by potentiometry applyin
fluoride ion-selective electrode.
CN− were determined by spectrophotometry in ac
dance with ISO 6703-1; absence of cyanides was pr
through highly selective qualitative test based on
Konig–Zincke reaction.
Determination of other inorganic anions was perform
by the ion chromatography method (LC Module I, Wat
USA) with conductance detection (Cl−, SO4

2−, HPO4
2−)

and UV detection at 230 nm (NO3−, NO2
−).

.6. Ecotoxicity tests

Ecotoxicity of leachates of untreated wastes and leac
f prepared test specimens was assessed it tests with:
hemical form yields leachability values, which as the t
ndicates, meets limit values II/CZ (seeTable 1), which would
ignify the given waste is not hazardous when viewed f
he standpoint of toxic metals leachability by water. Value
ther determined parameters are variable, which corresp

o the already mentioned fact that galvanic sludge com
ion is given in the first place by electroplating technol
n actual use (see high nitrite content with sample 3, e.
igh chloride content with sample 2 and the like). Neglig
oncentrations of cyanides prove efficiency of their rem

n galvanizing plants. According to Sharma et al.[2], nitrites
an be formed during oxidation of cyanides. Their notice
resence was detected in leachate of the sample 3. O
atter, presented in the table as the parameter DOC

ound in leachates of all four samples of galvanic slud
nly in negligible concentrations.

Table 2summarizes determined contents of relevant
ls in TCLP leachates. Appreciable dissolving of metals o
usly takes place during acid leaching, as opposed to lea
y water. Concentrations of metals under observation a
igh levels from which it follows that simple landfilling
alvanic sludges is unacceptable. Comparing test resu

eachability by water and by acidic leaching medium in
ates that water leachability alone is an insufficient crite
or assessing leachability of metals from the waste.

.2. S/S by asphalt emulsions

As noted previously in Section2.3, the applied proce
ure for S/S of galvanic sludges was based on the pro
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Table 1
Determination of relevant metals contents and selected parameters in aqueous leachates of untreated galvanic sludges

Parameter Sample 1 Sample 2 Sample 3 Sample 4 II/CZ DWS/CZ

Cd (mg L−1) <0.005 0.010 <0.005 <0.005 0.05 0.005
Cr (mg L−1) <0.1 <0.1 <0.1 <0.1 1.0 0.05
Pb (mg L−1) <0.1 <0.1 <0.1 <0.1 0.5 0.01
Ni (mg L−1) <0.05 <0.05 <0.05 0.10 0.5 0.02
Ag (mg L−1) – <0.05 <0.05 <0.05 0.1 0.05
Zn (mg L−1) <0.1 0.854 <0.1 0.105 5.0 N/A
Cu (mg L−1) 0.082 0.055 <0.05 0.184 1.0 1.0
Fe (mg L−1) <0.1 <0.1 <0.1 <0.1 N/A 0.2
Al (mg L−1) – <0.2 2.63 0.19 10.0 0.2
pH value 9.16 8.01 9.08 8.08 5.5–12 6.5–9.5
Specific conductivity (mS m−1) 132.3 312 251.3 226.6 600 250
Dissolved substances (mg L−1) 665 2450 2150 1725 N/A 1000
DOC (mg L−1) 9.62 4.57 3.03 5.01 30.0 5.0
F− (mg L−1) 0.88 0.4 <0.3 0.35 5.0 1.5
Cl− (mg L−1) 186 1211 139 42.8 N/A 100
NO2

− (mg L−1) <0.05 <0.05 9.0 <0.05 1.0 0.5
NO3

− (mg L−1) <1.0 <1.0 4.4 <1.0 N/A 50
SO4

2− (mg L−1) 203 918 1085 865 N/A 250
HPO4

2− (mg L−1) <1.0 <1.0 <1.0 <1.0 N/A N/A
CN− (mg L−1) 0.38 <0.1 <0.1 0.1 0.5 0.05

II/CZ, limit value of leachability class II for aqueous leachates of wastes according to Czech regulations; DWS/CZ, drinking water standard valid inCzech
Republic; –, parameter was not determined; <, determined value of parameter was below given detection limit of analytical method used; N/A, limit value is
not prescribed. Bold values exceeded limit II/CZ or DSW/CZ, where II/CZ is not prescribed.

developed for S/S of dry loose wastes. Nevertheless, com-
pletely dry wastes rather pose a complication in S/S by asphalt
emulsions: the dry waste can take water out of asphalt emul-
sion, which causes its premature breaking, and consequently
makes waste–emulsion mixing more difficult. This problem
was solved in the two-mentioned studies by adding water to
the blended waste–asphalt emulsion mixture. In the case of
galvanic sludges, which already contain a certain quantity
of water, mixing is easy and no additional water is needed.
For this reason, galvanic sludges containing up to 70% water
were deliberately used, in a condition in which they usually
leave the galvanizing plants if they are not dried. In this case,
mixing galvanic sludge with asphalt emulsion is quite easy,
as it comprises mixing liquid (asphalt emulsion) with a pasty
form of galvanic sludge. Excess water spontaneously evapo-
rates from the mix.

Due to slightly basic pH of galvanic sludges (Table 1) and
also to presence of heavy metal ions in galvanic sludges, it

was not considered to employ acidic cationic asphalt emul-
sions, which are used more frequently in road construction,
and are thus commercially more available. Cationic emulsi-
fiers used in cationic emulsions require an acid environment,
which would naturally lead to increased solubility of metals
contained in galvanic sludges and that would be inconsistent
with the purpose of S/S. Therefore, a basic, nonionic, clay-
stabilized, slow setting asphalt emulsion was used. Mixtures
of individual samples of galvanic sludges with this slow
setting asphalt emulsion were prepared in such manner that
asphalt content in mixtures was 5–20 wt.%. This quantity
of asphalt is too small for complete encapsulation (i.e. for
complete coating of all waste particles with asphalt binder),
nevertheless is enough to form a coherent, relatively firm ma-
trix of solidified waste. The formed matrix; however, is quite
porous and does not significantly prevent pollutant leaching.
Consequently, a compact asphalt coating was produced
on test specimens prepared from the mentioned mixtures,

Table 2
Relevant metals contents in TCLP leachates of untreated galvanic sludges

Parameter Sample 1 Sample 2 Sample 3 Sample 4 UTS RL

Cd (mg L−1) 0.267 0.758 17.75 0.529 0.11 1.0
Cr (mg L−1) 0.62 1.36 0.16 2.52 0.60 5.0
Pb (mg L−1) <0.05 <0.1 <0.1 <0.1 0.75 5.0
Ni (mg L−1) 39.6 <0.05 2.98 43.7 11 N/A
A <
Z 1 A
C
F
A

U ulation egulations,
4 of par , limi
i

g (mg L−1) – <0.05
n (mg L−1) 549 889
u (mg L−1) 8.64 2.57
e (mg L−1) 0.10 30.7
l (mg L−1) – 3.91

TS, Universal Treatment Standards (USA, Code of Federal Reg
0CFR261.24); –, parameter was not determined; <, determined value

s not prescribed.
0.05 <0.05 0.14 5.0
66 147 4.3 N/
2.80 14.0 N/A N/A
0.15 2.55 N/A N/A
3.21 437 N/A N/A

s, 40CFR268.48); RL, Regulatory Level (USA, Code of Federal R
ameter was below given detection limit of analytical method used; N/At value
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Table 3
Aqueous leachate conductivities of asphalt coated specimens of solidified
galvanic sludges

Asphalt binder
content (wt.%)

Specific conductivity (mS m−1)

Sample 1 Sample 2 Sample 3 Sample 4

5 1.47 0.68 0.56 1.69
10 1.46 0.44 0.53 0.47
15 1.32 2.66 1.04 0.49
20 1.34 2.02 1.07 1.46

Specific conductivity of pure leaching medium was 0.11 mS m−1; blank
test specific conductivity (glass body of dimensions corresponding to test
specimens, provided with asphalt coating and leached by the same procedure
as test specimens) was 0.30 mS m−1.

representing a secondary barrier against leaching, an effi-
ciency of which had already been proved in studies mentioned
earlier. Its formation involved use of a rapid setting, basic
anionic asphalt emulsion. Choice of an anionic emulsion for
formation of the secondary barrier was again based on the
same criteria as in the case of an emulsion for primary mixing
with waste (i.e. preventing dissolution of metals in emulsion
and suitable surface polarity to ensure asphalt breaking).

Test specimens of solidified galvanic sludges provided
with secondary barrier were subjected to the water-leaching
test in which the only studied parameter was specific conduc-
tivity of leachate, as a highly sensitive and easily measurable
variable informing on ion leaching. Results of this test are
summarized inTable 3, and as it is apparent from these val-
ues, they do not indicate any obvious trend. This means that
leachability is independent on asphalt binder content in the

solidified waste matrix, but dependent on quality of the cre-
ated asphalt coating, i.e. on the secondary barrier. Concerning
absolute values of the obtained conductivities, they may be
said to attain low values in all cases which means that per-
formed S/S was efficient. Some results are even of the same
order of magnitude as the results of blank test (asphalt coated
glass body, conductivity 0.30 mS m−1).

Due to the fact that the higher content of asphalt binder
in a specimen of solidified galvanic sludge does not bring
about the smaller ion leachability in the presented S/S proce-
dure, higher dosage of asphalt emulsion appears to be useless
and economically inconvenient. Accordingly, such dosage of
asphalt emulsion was selected that entailed 5% content of
asphalt binder in the solidified galvanic sludge. Several test
specimens of the solidified galvanic sludge containing 5% of
asphalt binder were prepared from each sample of galvanic
sludge, all specimens were provided with the secondary as-
phalt barrier, and three test specimens of each sample were
subjected to the leaching tests in both aqueous as well as
acidic leaching medium. In the prepared leachates, those pa-
rameters and metals were determined which had been found
in leachates of untreated galvanic sludges. Results are pre-
sented inTables 4 and 5. Values of all observed parameters
may be stated to be very low. Primarily, a positive result is
the fact that no present metals leach even by acid leaching
medium. This reality confirms again the universality of as-
p ous
w king
w s of

Table 4
Determination of selected parameters in aqueous leachates of test specime ens

Parameter Sample 1 Sample 2 Sa

pH 7.31 6.02 5.33
Specific conductivity (mS m−1) 1.47 1.04 0.21
Cl− (mg L−1) <0.3 2.1 <0.3
NO2

− (mg L−1) <0.05 <0.05 0.17
NO3

− (mg L−1) <1.0 <1.0 <1.0
S <0.1

I tes ac d in
R <, dete analytic
m of mea

T
D s provid

P ple 3

C
C
N
Z
C
F
A

U DWS/C king water
s
N

O4
2− (mg L−1) <0.1 4.4

I/CZ, limit value of leachability class II for aqueous leachates of was
epublic; DWS/EPA, drinking water standard according to US-EPA;
ethod used; N/A, limit value is not prescribed. Values are averages

able 5
etermination of relevant metals in TCLP leachates of test specimen

arameter Sample 1 Sample 2 Sam

d (mg L−1) <0.01 0.017 <0.01
r (mg L−1) <0.05 <0.05 <0.05
i (mg L−1) <0.05 <0.05 <0.05
n (mg L−1) <0.05 0.45 0.75
u (mg L−1) <0.05 <0.05 <0.05
e (mg L−1) <0.1 <0.1 <0.1
l (mg L−1) – <0.2 <0.2

TS, Universal Treatment Standards (according to 40CFR268.48);

tandard according to US-EPA; –, parameter was not determined; <, determ
/A, limit value is not prescribed. Values are averages of measured leachate
halt barrier against leaching of any ions. All is quite obvi
hen these results are compared to limit values for drin
ater (Czech and EPA drinking water standards). Value

ns provided with secondary asphalt barrier, asphalt content in specim5%

mple 3 Sample 4 Limit value

II/CZ DWS/CZ DWS/EPA

5.77 5.5–12 6.5–9.5 6.5–8.5
0.56 600 250 N/A

<0.3 N/A 100 250
<0.05 1.0 0.5 1.0
<1.0 N/A 50 10

1.8 N/A 250 250

cording to Czech regulations; DWS/CZ, drinking water standard valiCzech
rmined value of parameter was below the given detection limit of theal
sured leachate parameters of three test specimens.

ed with secondary asphalt barrier, asphalt content in specimens 5%

Sample 4 Limit value

UTS DWS-CZ DWS-EPA

<0.01 0.11 0.005 0.005
<0.05 0.60 0.05 0.1
<0.05 11 0.02 N/A

0.12 4.3 N/A 5
<0.05 N/A N/A 1.0
<0.1 N/A 0.2 0.3
<0.2 N/A 0.2 0.05–0.2

Z, drinking water standard valid in Czech Republic; DWS/EPA, drin

ined value of parameter was below given detection limit of analytical methodused;

parameters of three test specimens.
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Table 6
Ecotoxicity of TCLP leachates of untreated and stabilized/solidified galvanic sludges

Test EC50 (vol.%)

Pseudomonas putida Latuca sativa Artemia salina Scendesmus subspicatus

Sample 1 Untreated 0.98 26 25 3.0
Treated LT (93) LT (90) LT (80) LT (80)

Sample 2 Untreated 0.12 70 8.1 1.5
Treated LT (93) LT (90) LT (80) LT (80)

Sample 3 Untreated 14 52 LT (80) 13
Treated LT (80) LT (90) LT (80) LT (80)

Sample 4 Untreated 0.13 23 LT (80) 3.2
Treated LT (93) LT (90) LT (80) LT (80)

EC50, TCLP leachate content (vol.%) in culture medium producing 50% inhibition of given parameter; LT, low toxicity. EC50 value was not attained even with
maximum possible content (vol.%) of leachate in culture medium, which is given in brackets.

parameters obviously correspond in almost all cases to re-
quirements for drinking water. This comparison with drink-
ing water standards was carried out to compensate for the fact
that no pertinent limits are specified for leaching of mono-
lithic bodies.

3.3. Ecotoxicological assessment of S/S

Although leaching test results showed that galvanic
sludges stabilized/solidified by the presented procedure re-
leased only negligible quantities of pollutants, this could not
been taken as evidence that the stabilized galvanic sludge
would not affect negatively in the environment. Hence, a
series of ecotoxicological tests were applied for assessing
efficiency of proposed S/S process (Table 6). The EC50 val-
ues given in the table represent a percent content of TCLP
leachate in medium inducing 50% inhibition of the observed
parameter. The lower is the EC50 value, the more toxic is the
leachate, and thereby the waste. The results showed while un-
treated galvanic sludges exhibited some level of toxicity, par-
ticularly when tested in the most sensitive test withP. putida,
after realized stabilization/solidification the determined tox-
icity in all cases dropped below the detection limit.
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sion corresponding to an approximately 5% content of
asphalt binder in the blended mixture proves to be ade-
quate for sufficient solidification of galvanic sludges. The
quantity of asphalt binder needed to form a secondary bar-
rier depends on dimensions of the block of solidified mix-
ture and on thickness of produced coating. On laboratory
scale, it amounts to further approximately 5–10% asphalt
binder related to weight of primary mixture, consump-
tion on a technical scale may be expected to be somewhat
lower.

• The universal character of asphalt coating as a secondary
barrier that prevents leaching of any pollutants was con-
firmed.

• All tested samples of galvanic sludges, in their untreated
form, represent hazardous waste. After treatment by the
presented method, leachability of relevant pollutants de-
creased to a very low level approaching standards for drink-
ing water.

• Ecotoxicity tests showed that toxicity of leachates of stabi-
lized galvanic sludges was negligibly low compared to rel-
atively high toxicity of untreated galvanic sludge leachates.

• Results of S/S of galvanic sludges by means of asphalt
emulsions demonstrated advantages of this kind of stabi-
lization: a highly universal character based on ability to
produce a immobilizing barrier against pollutant leaching,
possible stabilization of wet wastes, highly hydrophobic

y sta-
si-
on a
and
road

A
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G 663
a tion
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. Conclusions

A two-stage procedure of S/S by aqueous asphalt e
sions, consisting of a primary mixing of waste with sl
setting asphalt emulsion, and subsequent formation o
ondary asphalt barrier by means of rapid setting as
emulsion, was applied to galvanic sludges represe
hazardous, noncombustible wastes of variable com
tion and of relatively high water and toxic metals cont
Water present in sludge facilitates its mixing with asp
emulsion.
Leachability of waste treated by the presented meth
virtually independent on asphalt binder content in the m
ture; quality of asphalt coating forming the secondary
rier appears to be the decisive factor. Quantity of em
character of asphalt binder, inertness and extraordinar
bility in the environment. Regarding realization, it is po
tive that asphalt emulsions are commercially produced
mass scale, their application is wide and sophisticated
has already become current practice in present-day
construction.
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