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EKSTRAKCYJNE USUWANIE OLOWIU Z GLEBY

Oznaczono catkowita zawarto$¢ olowiu w glebie z terenu wytworni akumulatoréow oraz
przeprowadzono analiz¢ specjacyjna metoda sekwencyjnej ekstrakcji wg Rudda. Stwierdzono, ze
olow wystepuje gtownie w mato ruchliwej, ale potencjalnie dostepnej dla roslin, formie zwigzanej
organicznie oraz umiarkowanie ruchliwej formie weglanowej. Przeprowadzono ekstrakcje otowiu
z gleby przy uzyciu soli sodowej kwasu etylenodiaminatetraoctowego oraz wodorotlenku sodu,
a takze proby jego elektrochemicznego wydzielenia z roztworow tugujacych. Ekstrakcja roztworem
Na, —EDTA umozliwia usunigcie 86% otowiu z gleby, jednak roztwoér po elektrochemicznym
wydzieleniu Pb ma znacznie mniejsza zdolno§¢é ponownego lugowania. Ekstrakcja roztworem
NaOH daje gorsze wyniki, umozliwia mianowicie usunigcie 70% olowiu z gleby, ale roztwor po
elektrochemicznym wydzieleniu Pb zachowuje wigksza zdolno$¢ ponownego tugowania.

Summary

The total content of lead in soil from the battery plant site was determined and a speciation
analysis of this element was carried out using Rudd’s method of sequential extraction. It was found
out that lead is present in soil samples mostly in a low mobility organically bound form, which
under certain conditions can, however, be absorbed by plants, and in a moderately mobile car-
bonate form. Lead was extracted from soil using sodium salt of ethylenediaminetetraacetic acid
and sodium hydroxide solution and tests were also conducted to separate it from leaching solu-
tions electrochemically. Extraction with Na, —EDTA solution makes it possible to remove 86% of
lead from soil, but the solution shows much lower lead extraction power when used for renewed
leaching after having been electrochemically freed of lead. Extraction with NaOH solution gives
worse results, namely only 70% of lead can be removed from soil, but the solution after having
been electrochemically freed of Pb shows higher Pb leaching power when used for renewed
leaching than in the case of Na, — EDTA solution.

INTRODUCTION

Polluted soils, on account of the possibility of leaching the pollutants con-
tained in it by rain water and transferring them into ground water, pose a se-
rious threat to the natural environment. Among various techniques being used
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for the restoration of soils to their original condition the most advantageous are
those which ensure a complete removal of toxic substances. The soil cleaning
methods that have been developed in recent years can be divided into two groups:
those methods which do not require the excavation of polluted soil (in situ) and
those which require its excavation (ex situ) and subjecting soil to reconditioning on
site or after its delivering to a waste processing plant (off site) [1, 9].

Among the methods used for pollutant removal: biological, thermal and
physico-chemical, only the latter make it possible to free soil both of organic
and inorganic (heavy metals) pollutants. Heavy metals content is one of the
major parameters characterising the soil quality, while both their concentration
and the form of their occurrence, so-called speciation, are of importance.
Knowledge of the quantitative fractions of the individual element forms enables
us to assess the bioavailability of the elements in question and makes it also
possible to suggest the ways of reducing toxic metal content in soil.

Mobility of chemical elements in soil, which constitutes a criterion of their
bioavailability, can be evaluated by various methods [4, 13]. Most often sequen-
tial chemical extraction is used, consisting in successive treatment of a sample
with chemical agent solutions of various leaching power for metals and their
compounds. The methods developed by Rudd and Tessier [15, 18] are regar-
ded as the standard. Water-soluble, exchangeable and adsorbed, and some-
times carbonate-bound metal fractions are generally thought to be the most
mobile, i.e. easily soluble and readily absorbed by plants. Metal fractions,
which are more strongly bound to solid phase (to iron and manganese oxides
as well as to organic matter and also the sulphide fraction), also show some
bioavailability potential but metals are released much more slowly from them.
The least mobile is the “residue”, a fraction which can be leached only by
concentrated mineral acids.

The presence of lead in soil is the most dangerous for the environment. Due
to their poor solubility, both lead and its compounds do not undergo a mic-
robiological degradation and accumulate in soil thereby influencing the meta-
bolic processes unfavourably [2, 12].

The sequential analysis of lead in soils, sediments and composts is discussed
in several papers [7, 11]. Organic and inorganic acids, bases, complex com-
pounds and surface active agents can be used for the extraction removal of
heavy metals from soil, including lead and its compounds using the off-site
method [9]. Comparative studies were conducted to evaluate the metal extrac-
tion capabilities of ethylenediaminetetraacetic acid (EDTA) and nitrilotriacetic
acid (NTA) [8]. The study focused on the removal efficiency of the two che-
lating agents when mixed with a contaminated soil from a former battery re-
cycling facility that contained 211000 mg/kg Pb. Comparing EDTA and NTA
concentrations from 0.01 M to 0.08 M over a pH range of 4— 12, the authors
found that, given equal concentrations of reagents EDTA was generally a more
effective extracting agent then NTA. Pb removal efficiency of EDTA ranged
from about 35% at pH = 10.5 and a concentration of 0.02 M to approximately
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95% at pH =4 and a concentration of 0.08 M. Pb extraction using NTA
ranged from about 11% at pH = 11.5 and a concentration of 0.01 M to
roughly 63% at pH = 10 and a concentration of 0.06 M. Laboratory studies
were conducted on both acids and chelating agents to evaluate their ability in
extracting heavy metals from contaminated soils [12]. Several samples of soil
contaminated with lead, cadmium and chromium were selected for use in this
study. Lead concentrations in the various soils ranged from 4000— 30000
mg/kg. Pb removal efficiency of EDTA ranged from about 34% at con-
centration of 0.01 M to approximately 61% at concentration of 0.1 M. The
remediation process involves mixing polluted soil with washing solution, sepa-
rating the cleaned soil from the solution, regenerating the washing solution and
utilising of the pollutant-containing precipitate [16]. Acid extraction of soils
and metal removal from post-extraction solutions are described in [10, 20].
Copper, zinc and cadmium were, for example, removed in this way to reduce
their concentration to levels conforming to the Dutch standards in a pilot
plant [3]. The authors of this paper removed, among others, lead from com-
posted municipal waste in a similar way obtaining a very low final metal
content (52 mg/kg) [5]. Nitric and sulphuric acid solutions were used as the
leaching agents. High consumption of acid resulting from the neutralisation of
the basic components of compost or soil is a disadvantage of this method.

The process of the remediation of soil containing heavy metals, utilising
a combination of extraction with organic acids and electrochemical cleaning of
extractant to make it suitable for renewed leaching is described in [19]. Lead,
antimony and cadmium were in this way removed from soil in the area around
the battery producing plant. The starting content of lead in the soil was 110
g/kg. Acetic acid of 6 M concentration was used for the extraction. The acidity
of the solution was adjusted by adding concentrated nitric acid until pH = 2.
In spite of leaching the same portion of soil twice, only 65% of the starting lead
content could be removed.

In the experiments made, the concentration of lead in the soil at the battery
plant site was determined, the sequential extraction of lead from soil was
performed to find out the forms of lead occurrence in it and tests were con-
ducted to remove lead from soil by extraction and to electrochemically sepa-
rate lead from the post-extraction solution.

EXPERIMENTAL

Equipment and reagents:
e atomic absorption spectrometer Perkin Elmer 3300, fuel: air-acetylene mix-
ture, resonance line wavelength A = 283.3 nm,
e shaking machine WU-4 with continuously variable rotation control,
e potassium nitrate(V), potassium fluoride, sodium pyrophosphate(V), EDTA
(disodium salt), conc. nitric(V) acid, conc. chloric(VII) acid, ammonium ni-
trate(V), ammonium acetate, sodium hydroxide, ammonium carbonate, amino-
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acetic acid, ammonium chloride, sodium phosphate(V) (all reagents: analyti-
cally pure grade),
e lead(Il) standard solution, 1 g/dm?® (Merck).

A soil sample was dried until constant weight at 25°C, ground and then
homogenised. In order to determine the total lead content in the soil the
following procedure was adopted: to four weighed dry soil samples, 2.5000 g
each, 10 cm? of concentrated nitric(V) acid and 5 cm? of concentrated chlo-
ric(VII) acid were added. The content was heated on a heating plate at
90— 100°C for 1 hour and then evaporated to dryness. 15 cm? of 4 M nitric(V)
acid was added to the dry residue, which was heated at 90— 100°C for 1 hour.
The mixture was then filtered while quantitatively transferring the solution into
50 cm® measuring flask and made up to the mark with redistilled water. Lead
content was determined in the solutions obtained by atomic absorption spect-
rometry. The average lead content was found to be 32320 mg/kg of soil.

SEQUENTIAL ANALYSIS

In order to determine the forms in which lead occurs in soil, the sequential
extraction technique of Rudd [15] was used. Water, solutions of potassium
nitrate(V), potassium fluoride, sodium disphosphate(V), sodium salt of ethyle-
nediaminetetraacetic acid, nitric(V) acid and a mixture of nitric(V) and chlo-
ric(VII) acid were used as extractants.

The following procedure was adopted; a homogenised soil sample was
mixed with a portion of extractant (with solid to liquid phase ratio = 1:10)
and shaken periodically (for 15 minutes each hour) for a total of 72 hours. The
samples were then centrifuged, the solid phases washed with water and treated
with successive extractant type while determining lead contents in the extracts
obtained by AAS method. The contents of the individual forms of lead in the
soil examined as determined on four parallel samples are shown in Table 1.

Table 1. Content of various forms of lead occurrence in the soil determined by the sequential
extraction method

Extraction conditions Contents of the specific
Form Extractant Concentration RER R R TR

M mg/kg
soluble H,0 - 10
exchangeable KNO, 1.0 490
adsorbed KF 0.5 10
organically-bound Na,P,0, 0.1 18390
carbonate EDTA 0.1 10320
sulphide HNO, 6.0 2330
insoluble conc. HNO,, conc. HCIO, — 770
Sum 32320
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LEAD REMOVAL EXTRACTION

The sequential analysis extraction resulis show that a major part of lead
contained in soil can be leached using sodium salt of ethylenediaminetetra-
acetic acid. Literature data show that also other extractants can be used for
leaching heavy metals from soil, sediments and composts [6, 17]. Therefore,
experiments were made of leaching lead with such extractants as solutions of
ammonium nitrate(V), ammonium acetate, ammonium carbonate, ammonium
chloride, sodium hydroxide, aminoacetic acid, sodium phosphate(V), sodium
disphosphate(V) and Na, —EDTA. The extraction was performed as follows:
5 g of soil was introduced to 50 cm?® of extractant and shaken periodically for
15 minutes each hour, for a period of 24 hours in total. Then the sample was
centrifuged, the solution was additionally filtered and the lead content in it
determined using AAS method. The results are shown in Table 2.

Table 2. Lead content in the solutions after extraction

Extractant Lead content

) in the solution
Formula Concentration mg/kg*
NH,NO, 1M 660
CH,COONH, 1M 4200
NH,CH,COOH 1M 12400
(NH,),CO, 1M 320
NH,CI 1M 1260
NaOH 2M 22800
Na,P,0, 01 M 24050
Na,P,0,+EDTA (1:1) 01 M 27600
Na,PO, 01 M 200
EDTA 01 M 28 100

* as converted to the original soil sample

The results obtained have shown that among the agents tested Na, — EDTA
solution shows the highest extraction power. This agent was just used for the
extraction removal of lead from soil.

In order to select proper leaching conditions when using Na, — EDTA
solution, the influence of its concentration, the ratio of extractant volume to
solid phase and phase contact time on the amount of lead leached were inves-
tigated. The results are given in Tables 3, 4, 5.

Table 3. The dependence of the amount of lead leached on EDTA concentration

EDTA concentration
M

Amount of lead leached
mg/kg

0.1 0.05 0.01 0.005 0.001

27600 | 25100 15800 7400 2000
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Table 4. The dependence of the amount of lead leached on the EDTA solution volume to solid
phase ratio

Extractant volume
to solid phase ratio 10 8 6 5 4 3 2
cm®/g

Amount of lead

27260 | 23200
leached mg/kg 28100 | 28080 | 28050 | 28030 | 28020

Table 5. The dependence of the amount of lead leached on the phase contact time

Time, h 1 2 4 6 24

Amount of lead leached, mg/kg | 25850 | 27240 | 28020 | 28040 | 28060

Based on the results given in Tables 3, 4 and 5, Na,—EDTA solution
concentration of 0.1 M, the EDTA solution volume to solid phase ratio of
4 and phase contact time of 4 h were used in further experiments.

No significant relationship between pH and the leaching results was found
when additionally examining the influence of the solution acidity on the leaching
results. Na, — EDTA solution of pH = 4.4 (without correcting its pH) was used
in further experiments.

Removal extraction of lead irom soil was conducted under steady state
conditions of the extraction process. 120 cm® portions of 1 M Na,—EDTA
solution were mixed with soil samples, 30 g each. The content of the flask was
mixed (100 rpm) for 4 hours, then the solid phase was separated by centrifuging
and the solution was additionally filtered. The extract I (the solution after 1st
leaching) was subjected to a preliminary analysis for lead content and then lead
was separated by electrolysis. An electrolytic cell equipped with Ti/Pt anode
with dimensions of 30 x 30 mm and two Pb cathodes of the same dimensions
placed on the both anode sides at the distance of 1 cm from the anode surfaces
was used for the separation of lead from the leaching solution.

The electrolysed solution was then once again analysed in order to deter-
mine lead content and then used again for leaching lead from a new soil
portion. Lead was determined using the atomic absorption spectrometry in the
extract II (the solution after the 2nd extraction).

It was found that 28 020 mg of Pb per one kilogram of soil is transferred to
a solution on the first leaching. The electrolysis process conditions and the
results of lead content determination in the solution after electrolysis and after
the 2nd leaching are shown in Table 6.

From the data summarised in Table 6 it was found that the amount of
lead being transferred to the solution on the 2nd leaching was only
14000 — 15200 mg/kg. This weakened leaching power of the solution regene-
rated by electrolysis was presumably due to decarboxylation of EDTA during
electrolysis.
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Table 6. Conditions and results of the electrolysis process after EDTA solution leaching of soil

Terminal Electro- pH of solution Amount of | Amount of
Pos Current voltage, lysis lead after lead after
’ mA v time after 1st after electrolysis |2nd leaching
starting | final h leaching | electrolysis mg/kg mg/kg
1 2 3 4 5 6 7 8
1 300 5.3 5.0 1.5 4.7 59 24250 -
2 600 6.0 5.7 1.5 4.7 74 2550 —
3 600 6.0 54 3 4.7 8.1 900 —
4 600 6.0 5.3 4 4.8 82 700 -
5 600 6.0 5.3 4 4.8 82 690 15200
6 600 6.0 5.2 4 4.8 83 600 14 500
7 600 6.0 5.2 4 4.8 8.3 580 14000

As it became evident that repeated use of Na, — EDTA solution for leaching
lead from soil is not possible, a search for another leaching agent was necessary.
Bearing in mind that lead and some of its compounds have amphoteric proper-
ties, experiments with leaching soil with sodium hydroxide solution were un-
dertaken. Leaching was performed using 0.25—2.0 M NaOH solution under
similar conditions as in the case of leaching with Na, — EDTA. Under these
conditions (at pH above 13), lead ions are present as [Pb(OH),]*>~. Lead was
separated electrolytically from the leachate on Ti/Pt electrodes using 600 mA
current. The electrolysis time was 1.5 h. The solution after electrolysis was
again used for leaching another soil portion. The results are shown in Table 7.

Table 7. The results of soil leaching with NaOH solution and its electrolysis

Lead content in solution
mg/kg NaOH solution concentration
M
Operation 0.25 0.5 1.0 1.5 20
Leaching I 7150 12600 | 21100 | 22000 | 22800
Electrolysis 200 1400 2100 2300 2600
Leaching II 5500 11200 18 200 18900 | 19100

DISCUSSION AND CONCLUSIONS

Lead content in polluted soil was determined, sequential analysis and remo-
val extraction of lead from soil using Na, — EDTA and NaOH solution were
carried out. Electrochemical separation of lead from leachates was also inves-
tigated.

It was found that the sample of soil taken shows a high concentration of
dangerous pollutant —lead; its content is 32 320 mg/kg. Based on the sequential
analysis results it was found that lead occurs mostly in an organically bound
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form of low mobility but potentially available for uptake by plants and in
a moderately mobile carbonate form.

Among the extractants tested, Na, — EDTA has proven to be the best and
was used for removal extraction of lead from soil. Under the selected leaching
conditions (concentration 1 M, pH = 4.4, extractant to solid phase ratio = 4,
time 4 h) 86% of lead can be removed by extraction. From Na,—EDTA
solution after leaching lead was separated electrochemically. It was found, that
it was possible to separate ca. 97% of Pb contained in soil when using the
electrolysis process for Na, — EDTA solution regeneration, however, the solu-
tion regenerated in this way shows much lower lead leaching power than the
primary Na,—EDTA solution used in the 1st leaching, which is presumably
due to its decarboxylation. This means that regeneration by electrolysis and
renewed use of the leaching solution regenerated in this way is in practice
impossible. Therefore, the possibility of using NaOH solution as a leaching
agent was examined. It was found that using 2 M NaOH solution enables 70%
of the total content of lead in soil to be removed by leaching, so much less as in
the case of Na, — EDTA. Contrary to Na, —EDTA however, NaOH solution
regenerated by electrochemical separation of lead shows a higher capacity for
renewed leaching of lead and its compounds from soil. A drawback of leaching
with sodium hydroxide solution is a risk of soil impoverishment.

In the literature cited, only several cases corresponds to a similarly high
content of lead in polluted soil from the battery plant site [8, 12, 17]. Based on
the results presented in the paper, and comparing them to those reported in the
literature, it can be stated that it was possible to leach lead from the soil to
a higher degree in spite of using less concentrated leaching agents.
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