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LEACHING PROPERTIES OF SECONDARY
LEAD SLAG STABILIZED/SOLIDIFIED WITH CEMENT
AND SELECTED ADDITIVES

Sodium lead slag, generated during secondary lead production, is characterized as hazardous
waste. The aim of the study was to investigate leaching mechanism and behaviour of lead and arsenic
from sodium lead slag previously stabilized/solidified in concrete using additives: MgO, CaO,
Ba(OH), and gypsum. The influence of selected additives on pollutant release was also investigated.
The results of the NEN 7375 leaching test indicate dissolution of lead and arsenic from the outer
layer of specimens, followed by depletion of possible mobile forms. Analysis of leachates from sam-
ples with various compositions showed that proper selection of additives may reduce leaching of Pb
and As below the specified limits.

1. INTRODUCTION

Lead, well-known and widely used heavy metal, represents a serious pollutant for
the environment due to its toxicity and bioaccumulation. The growth in lead consump-
tion can be almost entirely attributed to the demands of the battery market, which has
increased almost seven-fold since 1960 [1]. About 50% of total lead production
worldwide is based on secondary refining of lead, mainly from waste lead-acid batter-
ies [2]. The Engitec Integrated CX System, which involves crushing of the whole bat-
teries, separation of battery components and the battery paste desulphurisation prior
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smelting, has been recognized as the best available technology (BAT) for lead recy-
cling [3].

Slag is an inevitable waste from secondary lead smelting process. Depending on
added flux during the battery paste smelting, various types of slag can be obtained:
silica slag, calcium slag and sodium slag (produced by adding Na,CO; as flux). Al-
though sodium slag contains lead (approximately 5 wt. %), soluble alkalis and decom-
poses in contact with air, Na,COs is mainly used in industry due to generated amount
of total slag, as well as reduced energy and gas consumption [4]. Secondary lead slag
is characterized as hazardous waste in European Waste Catalogue due to content of
hazardous substances in concentrations that higher than those allowed and possible
cumulative effects of multiple pollutants such as lead, arsenic and antimony [5]. Each
year, the treatment of waste batteries in Europe produces 200 000 tones of toxic and
unstable secondary lead slag [6].

As a hazardous waste, secondary lead slag should be treated and disposed of in
safe and designated dumping sites. Cementitious stabilization/solidification (S/S)
processes of waste containing inorganic materials can be an effective technique for
reducing the mobility of heavy metals. According to Hills and Pollard [7], the com-
pressive strength and leaching of pollutants are the basic parameters for assessing the
effectiveness of waste treatment by the S/S technique. Chemical and physical immobi-
lization of metals depends on successful hydration of the binders (cement) when
mixed with water to form minerals characteristic for cement-based systems [8]. Sig-
nificant role in the immobilization is attributed to the calcium silicate hydrates
(C—S—H) as the main component of hardened paste.

Lassin et al. [6] found that the secondary lead slag could not be stabilized due to
the extent of soluble fraction of the waste. Chemical and physical characteristics of the
sodium slag are the reason of its spontaneous decomposition in air, which increases its
polluting potential. Stabilization/solidification of secondary lead slag by incorporating
the slag into concrete mixture was performed in previous study done by authors [9].
The amount of the secondary lead slag in concrete and proper selection of additives
had a significant influence on the properties of S/S waste. Stabilized material had
compressive strength above required, as well as reduced leaching of Pb and Zn.

The release of pollutants from waste in contact with the atmospheric water is the
main potential hazardous source, due to the leaching phenomenon. The leaching of the
contaminant from S/S waste forms is mostly a diffusion-controlled process [10] which
may be influenced by many factors: chemical composition of the waste, pH, redox
potential, complexation, liquid-to-solid ratio, contact time, etc. [11]. The most com-
mon experimental tools for studying the leaching phenomenon are leaching tests, de-
veloped especially for mineral waste materials. Batch leaching tests are used to deter-
mine pollution potential of raw or treated waste, and dynamic tests provide
information about the release dynamics. Diffusion-leaching test EA NEN 7353 [12] is
a dynamic test that has been used in several studies [13, 14] for determination of
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leaching characteristics of pollutants from stabilized/solidified waste. According to
NEN 7375 test, different release rates of components during test period could indicate
the predominant leaching mechanism from matrices: dissolution, diffusion controlled
release and surface wash of or depletion of the component.

The aim of this study was to investigate leaching mechanism and behavior of pol-
lutants from sodium lead slag generated during CX process stabilized/solidified in
concrete using cement as hydraulic binder and selected additives (magnesium oxide,
calcium oxide, barium hydroxide and gypsum). Inorganic additives are used to im-
prove the performance of concrete [15], but there are no available data in literature on
their effect on leaching of certain elements from S/S lead slag. Content of CaO deter-
mines the thermodynamics and kinetics of the S/S process, i.e. formation, structure
and morphology of C—S—H gel [16]. Oxides of calcium and magnesium were used in
order to investigate the possibility of using dolomitic lime (calcium-magnesium oxide)
as a potential natural additive in the manufacture of concrete. Barium(Il) hydroxide
was used to increase the stabilization of sulfates in concrete [17]. Gypsum was se-
lected for its influence on mechanical properties of concrete. Previous studies have
shown that the addition of up to 5% of gypsum improves compressive strength and
reduce leaching of lead from materials [18].

2. EXPERIMENTAL

Sodium lead slag. During the process of lead recovery from automotive batteries,
charge for rotary furnace consisted of desulfurized paste, metals from grid, Na,CO;,
Fe” and reducing agent (coke). Samples of sodium slag, generated in short rotary fur-
nace, were collected after each charge throughout 20 days of campaign. Collected
samples were mixed to form one representative sample of sodium slag and left to age
on air.

After ageing period of ten days [9], total amount of delivered slag was prepared by
drying to constant weight and sieving. A coarse fraction >1 mm (ca. 15 wt. %) was
rejected and returned to smelting, while fraction <1 mm (ca. 85 wt. %) was used as an
experiment material. Chemical compositions of prepared slag, determined by atomic
absorption spectrometry (AAS) and typical composition of sodium lead slag [19] are
presented in Table 1. The slag contained high amounts of Na and Fe, considerable
amounts of Pb, Si and Ca, trace amount of Cr, Cu, Zn and As, as well as Cr from re-
fractory lining. Residual carbon, as reducing substance, and sulphur from paste and
coke, were also present in the slag.

The pollution potential of the slag was evaluated by the European standard test,
EN 12457-2 [20]: powdered slag (<1 mm fraction) was agitated in distilled water for
24 h at 10:1 liquid-to-solid ratio.
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Table 1

Chemical composition of the secondary lead slag [wt. %]

. Composition Typical composition
Constituent of pre;)ared slag | of s}cl)lc)iium leadpslag [19]

Na (Na,O and Na,SO,) 34.60 20.00-35.00

Fe (FeS and Fe,03) 20.10 2.00-20.00

Pb (PbS and PbO) 7.43 5.00-10.00

Si (8i0,) 4.71 2.00-12.00

Ca (Ca0O) 3.42 1.00-9.00

Cr (Cry,03) 0.13 —

Cu (CuS) 0.25 —

Zn (ZnO) 0.12 0.00-0.50

As (As,05) 0.078 0.01-0.2

C 9.40 5.00-10.00

S (total) 3.30 3.00-6.00

Stabilization/solidification of sodium lead slag. The cement mixtures were made
using commercial Portland cement (PC 35M (V-]) 32.5R), aggregates (coarse aggre-
gate <5 mm; fine aggregate <0.5 mm), water, slag (<1 mm faction) and powdered
additives: magnesium oxide (p.a.), calcium oxide (p.a.), barium hydroxide (p.a.) and
gypsum (technical grade). Additives replaced 5 wt. % of cement, slag replaced 15 and
30 wt. % of aggregates, making 10 and 20 wt. % of the total concrete mixture, respec-
tively. All samples were made using water to binder (cement) ratio (w/b) of 0.60 by
weight, where the workability requirements were met. Compositions of the mixtures
are presented in Table 2.

Table 2

Proportions of concrete mixtures [wt. %]

Constituent Ml [ M2 | Cl |C2|B1|B2|Gl|G2

Cement 22 | 22 |22 |22 |22 |22 |22 |22
MgO 1 1 -l -1l -1-=-1-1+=-
CaO - - 1 1 - | = — —
Ba(OH), — — - | = 1 1 - -
Gypsum — — - - — — 1 1

Coarse aggregates | 21 | 21 | 21 | 21 | 21 | 21 | 21 | 21
Fine aggregates 33 1 23 |33 |23 3323|3323
Slag 10 | 20 [ 10 | 20 | 10 [ 20 | 10 | 20
Water 13 | 13 [ 13 13 ] 13|13 |13 |13

The mixtures were cast into moulds and cured for 28 days in order to determine
leaching behaviour. The leachability of elements from the concretes was evaluated by
modified EA NEN 7375 diffusion-leaching test [12]. The monolithic concrete cubes
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(40 mm x 40 mm % 40 mm), after curing for 28 days, were immersed in leaching
agent (distilled water, pH = 4 with HNOs), for the test period of 64 days, with sequen-
tial total renewal of leachant after a fixed period time, with 8 extractions (0.25, 1, 2.25,
4,9, 16, 36, 64 days). A liquid/solid ratio was 5. The eluate was collected in separate
fractions after a fixed period of time and analysed. For all experimental assays, the
eluates were analysed for pH, £4 and concentrations of elements and presented results
were the main value of three. After determination of pH and E#/, a portion of the
leachate obtained after each renewal was collected for the determination of the sul-
phates by ion chromatography (IC). The remaining eluate samples were filtered and
acidified at pH 2 with HNO; and then analysed for cations by inductively coupled
plasma mass spectrometry (ICP-MS) on Agilent ICP-MS 7500ce device.
Cumulative leaching according to NEN 7375 was calculated from [12]:

&=y E for n=1.,N (1)
i=1

where &, is the measured cumulative leaching of a component for period # comprising
fractions i =1 ton, in mg/m’ of sample surface area, E., is the measured leaching of the

component in fraction i in mg/m® and N is the total number of leachant renewal periods.
Cumulative derived leaching is also calculated according to the formula [12]:

o
o= B @

where &, is the derived cumulative leaching of a component for period 7 comprising
fraction i=1, ..., n, in mg/m2, E. is the measured leaching of the component in frac-
tion i, in mg/mz, t; is the replenishment time of fraction iin s and ¢, is the replenish-
ment time of fraction i — 1. Derived leaching values can be used to evaluate leaching

behaviour, mobility and mechanism of pollutants leaching [12]. EA and pH data were
used in EA—pH diagrams for further investigation of leaching mechanism.

3. RESULTS AND DISCUSSION
3.1. POLLUTION POTENTIAL OF SECONDARY LEAD SLAG (EN 12457-2 TEST)
The leachability of selected elements (Cr, Fe, Zn, As, Pb) from the slag was exam-
ined using the EN 12457-2 leaching test [20]. Iron was not detected in the leachate. Cr

and Zn concentrations were below the limits. The concentrations of Pb and As were
higher than the specified limit values for those elements (Table 3), which confirmed
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classification of secondary lead slag as hazardous waste. pH of the leachates was
12.00, which indicated the alkaline nature of waste.
Table 3

Pollution potential of secondary lead slag determined by
the EN 12457-2 leaching test [mg/kg of dried material]

Element Cr Fe Zn As Pb
Concentration 0.10 | n.d.* | 0.10 | 12.0 | 21.6
Limit value®[20] | 100 | — | 50.0 | 2.0 | 10.0

# n.d.— not detected, under detection limit.
® For non-hazardous waste.

3.2. LEACHING PROPERTIES OF STABILIZED WASTE (NEN 7375 TEST)

The alkaline nature of the S/S matrix could significantly change the initial pH of
the leachant. Dissolution of hydroxides and hydrates in acidic medium increases pH
(ca. 12) of the leachates [21]. pH and conductivities of leachates, measured during 64
days, showed the same trend for all cement mixtures (Fig. 1).

0 10 20 30 40 50
Time [days]

I Al
60 70
—&— M1 —~®-M2 —&—C1 —A—C2 /37

-110 T|—*—B1 --%-B2 —0—G1 —-0-—G2

30 40 50 60 70
Time [days]

Fig. 1. pH and E/ values during 64 days of the leaching test
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pH values at the end of each extraction were much higher than initial pH (4.0) of
the leachate. The maximum pH occurred on the first day of the leaching test, followed
by slight decrease on 2.25th day and renews increase on the 4th and 9th day. After
9 days of leaching, pH displayed steady decrease until the end of the test.

Comparing mixtures with same additives, pH values were higher in samples con-
taining 20% of the slag (M2, C2, B2, G2) than in samples with 10% due to more alka-
line nature of the waste. The highest pH on the first day (12.28) was found in the mix-
ture C2 with CaO as additive and 20% slag. pH decreased with progressive extraction
and the lowest value of pH after 64 days was found in the mixture prepared with gyp-
sum and 10% slag (G1).

Cumulative concentrations of selected elements (Cr, Fe, Zn, As, Pb) and SO;

ions, calculated according to Eq. (1) for all mixtures after 64 days are presented in
Table 4. Concentrations of Cr leached were in the range from 3.59 (G2) to 7.85 (B1)
mg/m’ and they were well below the limit value of 150 mg/m®. Concentrations of
SO; Eh ions were in the range from 3240 (B2) to 18 020 (G2) mg/m’, below the con-

centration limits of 25 000 mg/m’. Zinc ions were not detected in M1 mixture,
whereas the maximum concentration of 14.96 mg/m* was measured in B1 sample, also
well below 200 mg/m” as limit. There are no limitations for leaching of Fe which con-
centrations reached 79.16 mg/m* (G2). Leaching of As and Pb will be discussed in
more detail.

Table 4

Cumulative metal leached in NEN 7375 test [mg/m?]

Sample Cr | Fe Zn As Pb Noje
Ml 6.46 | 13.99 [ 0.00 | 579 | 40.88 | 6350
M2 462 | 510 | 1.47 | 8.00 | 63.96 | 8650
Cl 6.98 | 2098 | 0.95 | 588 | 40.01 | 6140
2 427 [11.62 | 0.84 | 896 | 77.99 | 8690
Bl 7.85 | 14.59 [ 14.96 | 12.87 | 60.89 | 3470
B2 4.89 | 846 | 1.99 | 12.01 | 42.99 | 3240
Gl 4.45 [ 51.99 | 1.84 | 4.00 | 102.13 | 10 660
G2 3.59 | 79.16 | 2.86 | 13.78 | 115.89 | 18 020
Limit value [12] | 150 200 | 27 100 | 25000

Cumulative concentrations of As and Pb (mg/m®) and measured pH values after
each extraction period during 64 days were plotted together against time for all inves-
tigated systems (Figs. 2 and 3, respectively). During 64 days of the leaching test sev-
eral regimes of lead leaching could be observed that were accompanied by changes in
the pH value of leachates (Fig. 2). pH of the system influences leaching, fixation and
speciation of metals in the stabilized/solidified matrix [22].
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Lead is amphoteric in nature and its theoretical lowest solubility point occurs at
pH 8.5. Leaching rate increases as the pH deviates from this pH. Decrease of pH value
on the 2.25th day caused slight delay in Pb release. After that point, further pH in-
crease up to the 4th day is followed by increased release of lead. Around 95% of
leached lead has been released during the period of the first 4 days. Steady pH de-
crease after the 9th day is accompanied with almost constant amount of leached Pb.

Similar to lead, arsenic release is accelerated after the 2.25th day with the increase
of pH value. Until the 4th day, around 70% of leached As has been released. During
the next 60 days, there can be observed slow increase in As concentration with the
decrease of pH value (Fig. 3).
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Fig. 4. Time dependence of derived cumulative leaching of Pb and As
for all investigated mixtures

The leaching of elements from the stabilized/solidified matrix is mostly diffusion
controlled and a test like NEN 7375 characterizes detailed leaching mechanism and
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rate of release under mass-controlled leaching scenario. For assessment of the leaching
behaviour, the derived cumulative leaching g, of Pb and As for each individual mix-
ture was calculated (Eq. (2)) [12]. The time dependences of derived cumulative leach-
ing of Pb and As are presented in Fig. 4 as log—log plots.

According to NEN 7375 test the slope of linear regression of presented log—log
plots indicates the predominant leaching mechanism. Following conditions are given
for the different slope values [12]. The value less than 0.35 indicates surface wash or
depletion of the component, the slope value between 0.35 and 0.65 indicates diffusion
controlled release and the value greater than 0.65 indicates dissolution.

Leaching mechanisms of Pb and As were determined for all time intervals (incre-
ments) in a given order: 2—7, 5-8, 4-7, 3-6, 2—5 and 1-4. The eluate fraction for time
increment 2—7 (from 24 h to 36 days) is considered as a “total increment” for the en-
tire diffusion test. The first and the last fraction are not included in order to eliminate
interpretative errors due to wash-off effects and possible depletion of a component
during the test. Cumulative leachinge, , identified diffusion-controlled increment,
calculated slope of linear regression of the derived cumulative 14 &, versus time
(log—log plots) and standard deviation of slope for that increment as well as estimated
64 days release based on diffusion controlled interval (mg/m?) [13] for Pb and As are
presented in Table 5.

Table 5

Table 5. Cumulative measured release (&,) of lead and arsenic according to NEN 7375 test

and estimated 64 day emission based on the diffusion controlled increment

Diffusion Slope of logg,—logt Estimated
Element | Mixture | &, [mg/m*] | controlled o 64 day release
increment Value | Standard deviation [mg/m?]
M1 40.88 2—7 0.47 0.19 65.60
M2 63.96 2-7 0.48 0.18 102.01
Cl 40.01 2-7 0.48 0.19 65.07
b C2 77.99 2-7 0.48 0.17 123.09
Bl 60.89 2-7 0.57 0.19 108.56
B2 42.99 2-7 0.52 0.17 69.29
Gl 102.13 3-6 0.47 0.32 209.25
G2 115.89 2-7 0.51 0.18 189.73
M1 5.79 3-6 0.63 0.33 12.36
M2 8.00 2-7 0.63 0.21 14.37
Cl 5.88 3-6 0.64 0.33 12.81
As C2 8.96 2-7 0.62 0.20 16.08
Bl 12.87 3-6 0.59 0.33 27.21
B2 12.01 3-6 0.61 0.32 25.64
Gl 4.00 2-7 0.62 0.18 5.84
G2 13.78 2-7 0.61 0.21 23.81
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The “total increment” (2—7) was identified as diffusion controlled increment of
lead release for all systems, except for G1, indicating that Pb leaching from these ma-
trices was most likely governed by diffusion. But, almost all Pb had been released
during first 4 days of the test, which corresponded to 14 increment. The slopes of

linear regression of the derived cumulative leaching &, calculated for 1-4 increment

of all systems were greater than 0.65. If the slope is greater than 0.65 then there is
a possibility of dissolution of the component although the test piece is not dissolving.
In that case, according to NEN 7375 test, dissolution of the particular component has
no permanent character and dissolution is only occurring from the outer layer of the
test piece. For the rest of the test period (5—8 increment) calculated slope value was
lower than 0.35. According to NEN 7375 test, if the slope is lower than 0.35, it can be
explained by the fact that chemical conditions have changed, as a result of a different
diffusion level, or that a mobile chemical form becomes depleted whilst a different
leachable form of that component remains (more strongly) bonded in the matrix [12].
When there is an evidence of depletion, the calculated 64 days release based on diffu-
sion controlled interval might provide an overestimate of the actual leaching. The up-
per limit of leaching in that case is the cumulative measured leaching over the test
period [13].

Leaching mechanism of arsenic, identified by the slope of “total increment”, was
diffusion for M2, C2, G1 and G2 systems. In other systems the slope of the “total in-
crement” was greater than 0.65 indicating dissolution of As. Similar to lead release, in
first 4 days of the test period, leaching mechanism was most likely governed by disso-
lution of the component from the outer layer of the test piece, and in the second part of
the test period (next 60 days, 5—8 increment), by depletion. The cumulative curves,
(Fig. 3), indicate that the depletion of the available As is not complete by the end of
the test, because no plateau was reached, and As release could continue after 64 days.
Similar results were obtained by Coussy et al. [14].

Existence of different mobile chemical forms of Pb and As ions are confirmed in
pH-Eh diagrams for metal (Pb, As)-Ca—S—H,O systems according to concentration of
ions in solutions of analyzed mixtures.

Figure 5 shows the EA—pH diagram of Pb. Measured values of £k and pH of all
investigated mixtures are in the area of stable 3PbO-PbSO, form for pH between 8.8
and 11.6 and dissolved Pb(OH)O™ ions for pH around 12. In G1 mixture, one measur-
ing point (pH = 8.24) is in the area of dissolved Pb(OH)", which is consistent with the
results of increased Pb leaching from this mixture. It can be seen that for high pH val-
ues, occurring during the first four days of the test period, Pb was in the form of dis-
solved ions. This is in good agreement with the dissolution mechanism determined
based on the slope for 1-4 increment. Lower pH values, measured during the second
period of the test (next 60 days), correspond to the area of stable 3PbO-PbSO, form,



160 M. STULOVIC et al.

which is consistent with the results of decreased Pb leaching and depletion of more
mobile form.
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Fig. 5. Eh—pH diagram of Pb for all analyzed systems
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Fig. 6. Eh—pH diagram of As for all analyzed systems

Figure 6 shows Eh—pH diagram of As. For measured pH and £/ of analyzed sys-
tems, values around pH = 12 are in the area of stable Ca;(AsQ,), and the rest are in the
area of dissolved HAsO; ions. Stable form will influence the fixation of arsenic,

while mobile dissolved ions will result in increase of As leaching. It can be concluded
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that during the first period of the test, leaching mechanism of As was probably con-
trolled by the release of HAsO; ions and partially dissolved Ca3(AsOy), from the

surface, followed by diffusion and depletion of mobile HAsO; ions during the second

period of the test. The cumulative curves, presented in Fig, 3, which have not reached
a plateau, also indicate the existence of mobile form at the end of leaching period.

The effect of changes in pH values on the leaching rate of Pb and As is evident
(Figs. 2 and 3). However, pH values of matrices with different compositions were very
similar during 64 days of the leaching test, although the leaching of constituents dif-
fers. This indicates a significant effect of various additives on the leaching of metals
from concrete matrices.

CaO and MgO as additives had very similar results in immobilization of Pb and
As. The lowest concentration of leached Pb and low concentration of As were detected
in systems with MgO and CaO as additives and 10% slag (M1 and C1).There are few
papers dealing with the influence of MgO on S/S process of waste. It is assumed that
its influence is mostly based on the control of pH in the range of minimal solubility of
metals [23]. CaO is a constituent of cement which participates in hydration reaction
during hardening of concrete and has positive influence on performances of solidified
waste and stabilization of pollutants [21]. Its addition influences immobilization of As
ions by precipitation of formed Ca-As salts [24] but could have reverse effect on Pb
leaching due to the amphoteric nature of lead [25]. This was confirmed by increased
leaching of Pb in system with CaO and 20% of slag. In systems with MgO, CaO and
gypsum, release of Pb and As was higher with increased slag content (20%), which
was expected. However, this was not the case in systems with Ba(OH), as additive. In
these samples, leaching of metals from B1 (10% of slag) were higher than from B2
(20% of slag). The reason for this could be the formation of BaSO4 which was noted
in the work done by Karatasios et al. [17] who investigated sulfate leaching from lime-
-based barium mortars, and also implied by the multiple reductions in SO; Eh ions

leaching from these samples. New formed salt could increase densification of matrices
and physical encapsulation of metal ions. The highest concentrations of leached Pb
and As were in samples with gypsum as additive and 20% of slag. The reason for this
could be poor bonding between cement and slag in the presence of gypsum which was
confirmed elsewhere [9].

4. CONCLUSION

The paper presents an analysis of the leaching behaviour and mechanism of pol-
lutants from sodium lead slag stabilized/solidified in concrete using cement as hydrau-
lic binder and selected additives (magnesium oxide, calcium oxide, barium hydroxide
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and gypsum). High pollution potential of the slag was confirmed by the EN 12457-2
leaching test due to release of Pb and As above specified limits for those elements.
During 64 days of the NEN 7375 leaching test there can be observed several re-
gimes of lead and arsenic leaching that are accompanied by changes in pH values of
leachates. According to NEN 7375 test, leaching of Pb and As for the first 4 days
could be governed by dissolution of the component from the outer layer of the test
piece followed by depletion of dissolved chemical form during the next 60 days of the
test, whilst a different leachable form of that component remains (more strongly)
bonded in the matrix. Existence of different mobile chemical form of Pb and As ions
was confirmed in pH—E#/ diagrams for the metal (Pb, As)-Ca—S—H,0 systems. At high
pH values, during the first four days, Pb was probably in the form of dissolved ions.
Lower pH values, measured during the next 60 days of the test period, corresponded to
a stable 3PbO*xPbSO, form, which is consistent with the results of decreased Pb leach-
ing. Throughout the test period, As was probably in the form of dissolved HAsO;

ions which depletion could be likely continued after the completion of the test.

Systems with 10% of slag and CaO and MgO as additives gave similar leaching
results, while in systems with 20% of slag, the sample with CaO showed more signifi-
cant lead release. With increased slag content, release of elements also increased, ex-
cept from samples with Ba(OH), as an additive, probably due to formation of BaSO,.
G1 and G2 samples did not meet leaching limitation as a result of poor bonding be-
tween cement and slag in the presence of gypsum as additive. Although the results of
the leaching test indicate the same leaching mechanism of lead and arsenic from sam-
ples with different composition, proper selection of additives may reduce leaching of
Pb and As below the specified limits. Best results in stabilization of Pb and As were
obtained when using CaO as an additive and 10% of slag (C1 sample).
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