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NCUBATION experiment was conducted to study the potential

effects of elemental sulfur (S) and organic matter on availability of
soil Pb and Ni in two soils. The first soil (Elgabal-Elasfar) is
representing the contaminated area with sludge and the other
representing the contaminated area with industrial contaminants
{Kaluob). Four rates of elemental sulfur was applied at 0(50). 50{550),
100(S100Y and 150(8130) mmale kg'' soil. Compost was appiied at
four rates 0(CO), 4.5(C0.3), 1{C!) and 2(C2} %. The results showed
that with S application , acidification was intense at all sulfur dosages
applied in Elgabal-Elasfar soil, pH had dropped by 1.2, 2.2 and 2.5
units for the three dosages compared with the contro! at termination of
the experiment. In the Kaluob soil, pH did not decrease as much as in
Elgabal-Elasfar soil,

DTPA-extractable Pb and Ni increased up to 7 and 6-fold,
respectively, in Elgabal-Elasfar soil, while in the Kaluob soil,
maximum increases were 6 and 4-fold.

Lead and nickel fractionation were performed by using a
sequential extraction procedure. Applied sulfur altered concentration
of Pb and Ni forms in the studied soils. Application of elemental sulfur
to soils redistributed Pb and Ni from complex form to the more
exchangeable one thus increasing Pb and Ni availability. In both
studied soils, elemental sulfur addition was the highest in increasing
the exchangeable form of Pb and Ni.

No significant differences in pH and solubility of Pb and Ni values
were found between the control and compost- treated soils.
Application of compost to the tested soils led to decrease carbonate
and oxides Pb and Ni fractions, organic Pb and Ni forms increased.
While exchangeable and residuat Pb and Ni fraction were not affected.

Keywords: Elemental suifur, Peanut compost, pH, Mobilization, Lead,
Nickel. Fraction,

Heavy metals are natural components of the earth crust (Wedepohl, 1991). In
addition to this native origin, some heavy metals may be supplied to soils by
atmospheric deposition and by agronomic practices such as fertilizer and
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pesticide applications as wsil as the disposal of municipal wastes such as.
composts and sewage sludge on agricultural Jand (Sticher & Schmidt, 1991).

The remediation of metal contaminated sites often involves expensive and
envirommentally invasive, civil engineering based, practices. This may prohibit
their use at many sites, where consequently no action is taken to adequately
assess and when necessary, reduce the risks to human health and the
environment, Without some remediation efforts, the soil from these contaminated
areas remains exposed to human contact and to erosion that may carry
contaminants off site.

Some materials traditionally used in agriculture, like animal manures and
peat, have been recently employed in different experiments on the bioremediation
of soils contaminated with heavy metals (Clemente ef /., 2007 and Walker et al.,
2004). These materials improve soil fertility and generally increase plant
production and can also increase heavy metals availability, Fresh organic wastes,
such as animal manures, are rich in soluble organic compounds which can
increase the solubility of metals shortly after the addition of these materials to the
soil (Almas e af, 1999), through formation of soluble organo-metallic
complexes, decreasing for instance Zn adsorption, particularly in sandy soils
(Shuman, 1999a).

Organic amendments such as composts or peat, which contain a high
proportion of humified organic matter (OM), can decrease the bipavailability of
heavy metals in soil by adsorption and by forming stable complexes with humic
substances (Shuman, 1999b), thus permitting the re-establishment of vegetation
on contaminated sites (Tordoff et o, 2000). This OM can re-distribute heavy
metals from soluble and exchangeable forms (extractable with solutions of
neutral salts such as CaCly) to fractions associated with OM or carbonates and the
residual fraction (Shuman, 1999b). Also, the use of organic wastes as sources of
organic matter for agricultural or ecological benefit is a way of recycling them, in
accordance with European Union Policy {(Commission of the European
Communities, 1996).

The effects of OM amendments on heavy metal bicavailability depend on the
nature of the organic matter, and on the particular soil type and metals concerned
{Clemente et af., 2005), usually involving the formation of insoluble contaminant
species, less likely to leach through the soil profile (Berti & Cunningham, 2000).
Organic amendments can decrease heavy metal bicavailability, shifting them
from “pEam available”” forms to fractions associated with OM, carbonates or
metal oxides (Walker ef of., 2004), with consequent reductions in the metal
uptake by the installed plants, For example, Walker et al. (2004) reported lower
Zn tissue concentration in Chenopodium album L. plants grown in compost and
manure qmended soil. Clemente er «f(2005) found the same behavior for
Brassica j Juncea L. Czern grown in OM amended contaminated soil. However, no
reduction in the accumulatlon of Zn was demonstrated for Agropyron elongatun
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and Trifolium repens growing in Zo/Pb mine tailings amended with pig manure
(Ye et al, 1999),

Heavy metal solubility, mability and, therefore, bioavailability in soils depend
' on the characteristics of the metal, but they are generally very low in neutral and
calcareous soils (Kabata-Pendias, 2001). A potential strategy o enhance heavy
metal availability is the lowering of soil pH; this can be achieved through
application of mineral acids, organic acids or acid-producing fertilizers like
sulfur-containing materials (Kaplan ef al, 2005). Elemental sulfur is oxidized to
H,80, by sulfur-oxidizing microorganisms, which may decrease soil pH. The
rate of sulfur oxidation in soils has been related to a wide number of factors such
as temperature, moisture, sulfur particle size, aeration and microbial biomass
{Germida and Janzen, 1993).

Chemical speciation plays an influential role in solubility and potential
bioavailability of heavy metals in soils. The sequential extraction procedure
(SEP) was proposed by Tessier ef al. (1979), in which soil Pb was operationally
fractionated into water soluble (WS), exchangeable (EX), weakly specifically
adsorbed (SP), Fe/Mn oxides-bound (OX), organically bound (OR)} and residual
(RE) portions (Tessier ef al., 1979 and Plangquart et a/, 1999). Results from the
SEP studies showed that in contaminated soils, Pb occurred primarily in the
residual, carbonate and exchangeable fractions (Yang er al., 2004), whereas 48.5
and 42.5% of soil Pb were bound to organic and carbonate fractions, respectively,
in a Pb battery dump soil {Pichtel ef o/, 2000). However, in unpolluted soils,
most Pb was found in the residual fraction (Wong et al, 2002). The
bioavailability and mobility of heavy metals in soil strongly depend on their
physicochemical forms in soils, Ze, chemical fraction or speciation (Kabata-
Pendias, 1993) and consequently, on soil physicochemical characteristics
(Planquart et al, 1999). Therefore, it is important to understand chemical
speciation of Pb in order to assess Pb availability and toxicity to crop plants in a
contaminated soil.

The aim of this work was to study the effect of different dosages of elemental
sulfur and organic matter (compost) on soil pH, Pb and Ni dynamics in used soils
in an incubation experiment.

Material and Methods

Soils

Soil samples were taken from two polluted sites enduring of heavy metals
contamination for a rather long time. These sites are Elgabal-Elasfar, Cairo
Governorate, Egypt which received sewage effluent as a solely source of
irrigation and the second site from Alex-Cairo Agricultural Read, Kaiuob
Governorate (Kaluob). The first site representing the contaminated area with
sludge and the other representing the contaminated area with industrial
contaminants. Top soil material was sampled from small pits of 0-20 cm depth
from the two locations and transported to the faboratory. Collected soils were air
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dried, ground and sieved passingthrough a 2mm sieve, homogenized with a
shuffle and stored unti] analysis of experiment. -

Soil pH was measured using glass electrode in a soil to water ratio of 1:2.5
(Cottenie ef al,, 1982). Electrical conductivity of soils was measured using soil to
water ratio of }:2.5(Cottenie ef ai,1982) The organic carbon content was
determined using the Walkley and Black Wet Combustion Method (Cottenie er al,
1982).The soil particles size distribution was analyzed according to Dewis and
Feritas (1970). Soils were also characterized for calcium carbonate content
(Cottenie et al., 1982).The acid neutralization capacities (ANC) of the soils were
determined by pH titration according to the method described by Susser (1987).
Available Pb and Ni were analyzed as described by Lindsay & Norvell {1978).
The supernatant was decanted and saved for Pb and Ni determination by atomic
absorption spectrophotometer {Perken Elmer - 2380). The total Pb and Ni
concentration in soils were digested by agua regia digestion according to Cottenie
et al. (1982} and determined using atomic absorption spectrophotometer,

Sequential extraction

The method of sequential extraction used in this study was outlined by
Tessier et al. (1979). Nickel and lead were partitioned into five operationally
defined fractions; exchangeable, bound to carbonates, reducible (bound to Fe-
Mn oxides), oxidizable (bound to organic matter and /or sulfides) and residual.

Preparation of incubation experiment

An incubation experiment was performed to assess the influence of elemental
sulfur or compost on mobilized Pb or Ni in used soils. The organic matter used in
this study was compost resulting frem peanut residues. The characteristics of
compost were shown in Table 1.

TABLE 1. Chemical properties of peanut compost,

OM. Teotal! C/N [ pH | EC i Available DTPA extractable (mg/kg)
% | N % | ratio [(1:10)| dSm™*| nutrients %

| it P | K |Ni|Pb]| Cd ] Fe|Mn]| Zn
3680 1.4 1263} 65 1062 ) 16 |98 J001021110]130 9 11.6

100g dry soil was weighed into 200ml polyethylenc pots. Sulfur was applied
and mixed thoroughly with the soils at three rates, 50 (850), 100 (S100) and 150
(S150) mmol kg-1 soil. Other sets for two soils were mixed with compost at rates
level, 0.5 (C 0.5), 1 (C1) and 2 (C2) % and the control for two soils without
sulfur or compost appiication. There were 7 treatments with three replicates.
Fertilizer was applied at the rates of 0.05g of ammonium sulfate, 0.02g of
potassium sulfate and 0.023g of calcium super phosphate / 100g soil. During the
experiment, soil moisture content was maintained at 60 % of the water holding
capacity, by weight with water added every two days. The sample time was after
2, 4, 6 and 8 weeks of incubation,
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After incubation time, the soils were air dried ground and sieved through a
2mm sieve for chemical analysis.

Results and Discussion

Physico-chemical properties of the used soils

The physico-chemical characteristics of Elgabal-Elasfar and Kaluob soils are
summarized in Table 2. Soil collected from Kaluch was alkaline in nature (pH
8.0), while those from Elgabal-Elasfar was neutral (pH 7.1, In géneral, the
Elgabal-Elasfar and Kaluob soils have slight salinity, the EC values were 0.27
and 0.37 dS/m, respectively. The soils had very slight carbonate (CO;™%) contents
(0.4 and 1.2 % respectively). Kaluob also had relatively high clay conteiit (47 %),
in contrast, the Eigabal-Elasfar soil had higher sand content {71%} and lower clay
content (16 %). Total Pb and Ni metals content was observed in the Elgabal-
Elasfar and Kaluob soils which was 70 and 98 mg kg™’ for Pb and 78 and 87
mg kg™ for Ni, respectively.

TABLE 2. Some physical and chemical properties of the investigated soil samples.

Location| pH | EC ICaCO, [0.M[Parficle size distribution] Ni{mg/kg¥ Pb ANC
B25(125) % | % Texture | (mpgtke) {megkg’
dS/m C.S | F§8 Silt; Clay Tot. [Av.iTot] Av,

% | % %] %
Elgabal | 7.1 [027]| 04 [49(226 484 113! 16 SL 78 145170) 35 75
Elasfar
Kalugb | 80 | 0.37 12 11.01 98 [ 171 261 47 [Clayey| 87 125098 45 ! 235
ANC= Acid neutralization capacity (Susser, 1987),

Soil pH

Sulfur addition resulted in a decrease of soil pH over time in the two soils,
and clearly showed dosage dependence (Fig. 1). One important fact is the
oxidation of sulfur by certain groups of acidophilic bacteria, notably Thiobacillus
spp. in the soil (Tichy ef al, 1997 and Kayser et al,, 2000). Tichy et al. (1997)
repotted that 156 mmol of different types of elemental sulfur per kilogram of soil
were added to a gleyic cambisol with an initial soil pH between 'S and 5.5, the
soil pH decreased to 3.3 within 80 days. Kayser er al. (2000) reported that adding
36 mol S m” to the soil led to a decrease in soil pH from 7.2 to 6.9. In the present
experiment, adding S also acidified the soil, which caused the soil pH to decrease
about 0.4 ~2.5 units within 8 weeks.

In the Elgabal-Elasfar soil, acidification was intense at all sulfur dosages
applied, pH had dropped by 1.2, 2.2 and 2.5 units for the three dosages compared
with the control at termination of the experiment (8 weeks), The magnitude of the
drop in soil pH increased with increasing the incubation time up to 8 weeks.

In the Kaluob soil pH did not decrease as much as in the Elgabal-Elasfar soil.

The decrease in soil pH was slight in 850 treatment. In contragt, the higher
dosage led to markedly lower soil pH. A decrease from 74 t0 6.0 was. observed
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in the S150 treatment between the beginning and the termination of the
experimeni. :

Effects of sulfur application on acidification were consistent with the acid
neutralization capacity (ANC, Table 2) of the treated soils and therefore

decreased in the order Elgabal-Elasfar < Kaluob.

The ANC of the Kaluob soil is accounted for to a large extent by the dissolution
of CaCQO;. According to Schwertmann ef of. (1987) and Furrer & Sticher (1999) the
dissolution of 1 mole of CaCO; will result in the consumption of 2 or 3 moles of
protons, respectively. Given the data shown in Table 2 and assuming that only 2
protons are consumed per equivalent of CaCO;, the ANC of the Elgabal-Elasfar and
Kaluob soils were made up to approximately 94% of CaCO;.
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Fig. 1. Changes in soil pH after sulfur and compost application during 8 weeks of
incubation. :
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The oxidation of 1 mole of sulfur will result in the production of 2 moles
of protons. Hence, if all sulfur applied to the soil was oxidized, this would 3
fold the ANC of the Elgabal-Elasfar soil in the S100 treatment, while it
would only account for §0% of the ANC of the Kaluob soil. At the highest
dosages the m moles of protons in Efgabal-Elasfar was more exceed than
Kalucb soil. The percentages of mmoles of protons in Kaluob soil were 80
and 133.3 % of ANC at the rate 100 and 150 m moles, respectively. While
they were 266 and 400 % of ANC in Elgabal-Elasfar. Consequently, if proton
buffering capacity was not kinetically or spatially limited, a shift in pH would
be expected in the Elgabal-Elasfar soil. The fact that pH decreased also in the
Kaluob soil when compared with controls, hence indicates kinetic and/or
spatial limitation of proton buffering capacity most likely attributable to
heterogeneous distribution of sulfur in the soil matrix. Mixing of sulfur
powder with soil material may result in predominant coverage of the surfaces
of soil aggregates that leads to a heterogeneous distribution of zones of sulfur
carichment. When the sulfur is oxidized, protons wiil be produced equally
heterogeneously.

As a result, the sulfur coated surfaces of soil particles may be exposed to
greater acid production than the remainder of the soil, as was also indicated in an
aggregate fractionation experiment performed by Kayser ef a/. (2000). Reactive
soil components involved in acid neutralization, on the other hand, may be
distributed differently than the sulfur particles mixed into the soil and may be
outcompeted at sites of intensive acid production. This could result in local
acidification even in soils with a high ANC.

This hypothesis is in agreement with findings obtained from a comparative
study on the proton buffering behavior of disturbed and undisturbed forest soils
using batch suspensions and undisturbed soil columns (Kaupenjohann and
Hantschel, 1987). Results showed that less acidity could be neutralized in the
percolated soil columns than in the suspensions.

No significant differences in pH values were found between the control and
compost-treated soils (Fig. 1} due to the high buffering capacity of these soil or
the high C:N ratio of the used compost (26.3:1). Romero ef al. (2005) found that
the pH of mine tailings was scarcely affected by the application of sludge of olive
mill waste (SOMW). Piotrowska et o/ (2006) found no significant differences
between unamented soil and soil treated with olive-mill wastewater at different
rates (18 and 36 ml 100 g of soil), for a slightly alkaline soil. However, Nogales
et al. (1997) showed a decrease in soil pH (0.6 unit) after olive-mill wastewater
disposal in a calcareous soil, whilst Clemente et /. (2007) found that the pH of
the calcareous soil used in their experiment decreased by 0.3 units in a field
experiment with SOMW (51 ton of SOMW per ha).

Egypt. J. Soil. Sei. 49, No. 1 (2009}
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Solubilization of Pb and Ni

The relative efficiency of elemental sulfur in enhancing soil Pb and Ni
solubility in the soils were assessed and is presented in Fig. 2 a and b. When
sulfur was added, the extracted Pb concentrations in the soil exiracts was higher
by four to seven times and one to six times compared to no sulfur treatments in
Elgabal-Elasfar and Kaluob soils, respectively. For Ni, it was higher by three to
seven times and two to four times compared to no sulfur treatments in Elgabal-
Elasfar and Kaluob soils, respectively.

Elgabl-Elasfar Kaluob
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Fig. 2a. Changes in availability of nickel after sulfur and compost application during
8 weeks of incubation.

The addition of elemental sulfur significantly increased the concentration of
extracted Pb and Ni in soils. For example, without elemental sulfur addition, the
concentration of extractable Pb in Elgabal-Elasfar and Kaluob soils were 5.5 and
5mg kg, which increased immediately to average 38 and 30 mg kg’ at the
highest rate of elemental suifur. Our results also demonstrate that increasing the
rate of elemental sulfur addition resulted in a significant increase in mobilized Pb
over the study period.
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Fig. 2b. Changes in availability of lead after sulfur and compost application during 8
weeks of incubation.

Concentration of Pb and Ni extractable by DTPA showed a clear relation to
soil pH. Fig. 3 shows that metal solubilization increased with decreasing pH in
the two soils. Lead concentrations increased 7-folds in Elgabal-Elasfar soil
between pH 6.7 and pH 4.2 between the control and the highest rate of elementat
sulfur (8150) treatment measured at the end of the experiment. The highest
concentration accounted for 54.3% (38 mg kg™') of the total Pb present in the soil.
For Kaluob, this increase was less pronounced (6-folds), leading to an increase in
DTPA-extractable Pb to 30 mg kg at pH 6.0, or 30.6 % of the total Pb.

Nickel solubility increased with decreasing soil pH. Its concentrations
increased 6-folds in Elgabal-Elasfar soil between pH 6.7 and pH 4.2 between the
control and the highest rate of elemental sulfur (S150) treatment measured at the
end of the experiment. The highest concentration accounted for 44.9 % (35 mg
ke') of the total Ni present in the soil. For Kaluob, this increase was less
pronounced (4-folds), leading to an increase in DTPA-extractable Ni to 30.5 mg

ke at pH 6.0, or 35.1 % of the total Ni.
Egypt. J. Soil. Sci. 49, No. 1 (2009)
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_ Generaily, our results are in good agreement with findings of other
investigators who described soil pH as a key factor governing the solubility of Pb
and Ni in soils (Arnfalk et o/, 1996).

Differences existed, however, between soils. At a given pH, much higher
soluble metal concentrations were found in Elgabal-Elasfar soil, as can be seen
in Fig. 3, where the percentage of total solubilized metals are presented.
Moreover, the proportion of the total contents of these metals solubilized was
different between soils, suggesting that metal speciation is different in the
Elgabal-Elasfar and Kaluob soils, presumably as a result of different origin of the
pollutants. This is supported by our next findings from sequential extraction
performed on these soils.
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Fig. 3. Percentage of solubilized Pb and Ni as a function of soil pH.

The obtained results of adding compost to soils are presented in Fig. 2.
Availability of Pb and Ni were not significant increase with increasing compost
application to the soil. Except, at the highest level of compost (2%) at the end of
the incubation experiment caused a slight increase in extractable Pb and Ni in
both Elgabal-Elasfar and Kaluob soils. This may be due to small change in soil
pH, soil pH in Elgabal-Elasfar and Kaluob soils range of 6.7-6.4, Tandy ef al.
(2004) reported that Pb extraction by EDTA, at low chelate to metal ratio,
depends on soil pH and shows a strong positive relation up to a soil pH of 6.0.
The effects of OM amendments on heavy metal bicavailability depend on the
nature of the organic matter and on the particular soil type and metals concerned
(Clemente ef al, 2005) usually involving the formation of insoluble contaminant
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species, less likely to leach through the soil profile (Berti and Cunningham,
2000). Organic amendments can decrease heavy metal bioavailability, shifting
them from ‘‘plant available’” forms to fractions associated with OM, carbonates
or metal oxides (Walker et al, 2004) with consequent reductions in the metal
uptake by the installed plants,

Lead and Nickel distribution in chemical fractions

The Behavior. of heavy metals in soils depends net only. on the level of
contamination as -expressed by the total content, but also on the form of the
metal. Sequential extraction techniques which provide a useful tool to understand
the chemistry of metals in soils. As described previously, the partitioning of the
metals in the studied soils is based on the sequential extraction procedure of
Tessier ef al (1979) that evaluates the distribution of metais among the
exchangeable, carbonate, oxide, organic and / or sulfide and residual fractions or
forms. A high significant correlation coefficient value was obtained between the
determined total metal in soils and sum of the different extracted fractions
yielding 0.96 and 0.94 for Pb and Ni, respectively. Therefore, the fractionation
procedure used proved to be satisfactory.

In untreated soils, in Elgabal-Elasfar, Pb and Ni were mainly present in the Res.
and Org. forms, where the lowest values were for Exch. form, with the order being:
Res.> Org.> Oxide> Carb.>Exch. { Fig. 4). On average, the metal part existing in the
Res., Org, Oxide, Carb.,, and Exch. fractions were represented by 34.6, 29.7, 14.4,
11.3 and 9.3 % of the sum of Pb fractions, respectively. A strong association of Pb
with organic matter was described by Kabata-Pendias and Pendias (1992) based on
the results of many investigators. For Ni, they were represented by 25.6, 234, 23,1,
15.3 and 12.5 % of the sum of Ni fraction, respectively. While in Kaluob soil, Pb and
Ni were mainly found in the Res. form followed by Oxide, while the lowest values
were for Exch.form. Chlopecka ef ol (1996) and Ramos e ol (1994) however, found
most of the Pb to be bound to Fe and Mn oxides.

Concerning distribution of Pb and Ni in soil fraction due to application of
sulfur through successive extraction of Elgabal-Elasfar soil, data presented in
Fig. 4 show that application of elemental sulfur decreased Carb., Oxide, Org. and
Res.-Pb, while increased Exch.-Pb, which reached 6-folds than that of the
control. Also, application of elemental sulfur to this soil decreased Carb., Oxide,
Org. and Res.-Ni by 57.1, 63.2, 37.5 % and 4.7% less than the control treatment,
respectively. In contrast, Exch.-Ni increased with the application of elemental
sulfur recording 3.6-folds than that of the control treatment.

Application of organic compost to the tested soils led to decrease Carb. and
Oxide-Pb. The decrease represented 58.8 and 16.7 % compared to the control,
respectively. For Ni, these decrease recorded 15 and 20% compared to that
control, respectively. On the other hand, Org.-Pb and Ni forms increased with
compost application reaching 48.9 and 22.9 for Pb and Ni above the control,
respectively, while Exch and Res-Pb and Ni fractions were not affected.

Egypt. J. Soil. Sci. 49, No. 1 (2009)



166 SH.SH.HOLAH er al.

El Gabal El Asfar Ealuch
Ni mg'kg Ni mg/kg

III_E::h. GCarh. ®0xide- 0Org. mRes:

Control 5150

Treatmenis Treatments
Pb mg'kg Phmglkg

[ SlE\ Tl U0 PR '8 Exch. & Carb. € Oxide- 3 Org. 8 Res.

5150 a Control  §150 €2
Treatments Treatments

Fig. 4. Effect of sulfur and organic compost application on Pb and Nifractions in
Elgabal-Elasfar and Kaluob soils.

In Kaluob soil, data presented in Fig. 4 show that application of elemental
sulfur decreased Carb. Oxide and Res.-Pb, such decreases recorded 55, 60.6 and
15.9% less than control, respectively, but elemental sulfur application did not
alter Res.-Pb fraction. Similarly, elemental sulfur also decreased Carb. Oxide and
Org.-Ni, such decreases recorded 63.6, 75.6 and 42.6 % less than control,
respectively, while Res.-Ni in the two soils seemed t¢ be not affected. Exch.-FPb
showed similar trend to those of Ni recording 3-folds that of the control
Application of organic compost to the tested soils led to the same trend in
Elgabal-Elasfar soil.
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