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Abstract: Humic acids (5% wiw) was added to heavy merals contaminated soil containing
Cd. Cu, Cr, Ni, Pb. and Zn. The stabilization/solidification by Portland cement was done for
humic acid added soil (S-HS) and original contaminated soil (S-OS). The solubilisation of
the metals from both conicretes was investigated at different pH of leachant ranging from 1-
12. Regarding the dissolution of the metals in leachates from both materials. the results
showed that the dissolution was mainly controlled by the pH at equilibrium. Leaching
behaviors of the same metal from both materials were different. Cadmium, copper, nickel,
and zinc were better dissolvad form S-OS than S-HS. In acidic medium. chromium and lead
had the similar leaching beliavior as other metals, but in basic region their release from S-HS
was greater than that from S-OS. Humic acids can reduce the dissolution of the metals.

Introduction: The land disposal of industrial wastes is one of the becoming serious
problems. Heavy metals are concerned because of their increasing abundance in the
environment which are released into soils from a wide range of natural and anthropogenic
sources, moreover their relatively high toxicity even at low concentration. Once released mto
the soil matrix, heavy metals can impact environmental quality and human health via ground
water and surface water. Humic acids are composing the greatest part of the organic
substances (biomass) on the Earth. They are yellow to dark brown polymers, contained in all
soils, waters, and organic-containing sediments [1]. Knowledge of the complexation of heavy
metals with humic acids is of great importance in the understanding of metal (bio)availability
and mobility in natural aquatic systems. Accordingly. man has set up complex treatment
processes or immobilization technologies to prevent and control the pollution. Most common
treatment options for metals-contaminated sites are stabilization and solidification (S/S)
technology. The partial use of solidified materials in civil engineering applications, such as
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landfill and construction materials is of great interest nowadays. However, it is necessary to
develop appropriate tools for the envirenmental behaviour assessment in order to avoid
abusive use of the materials obtained by waste solidification. The study of the pollutant
release from a material under specified leaching conditions represents one of the
environmental assessment tools [2]. This research focus on the Acid Neutralisation Capacity
test (ANC). aimed to study the pH influence on the waste constituents release (solubilisation)
in steady state conditions and to study the influence of humic acids on solubilisation of heavy
metals from cement-based stabilised contaminated soil.

Methodology: Original contaminated soil {OS) was sampled and the contents of Cd. Cu. Cr.
Ni. Pb, and Zn were determined. Humic acids (3% wiw) was added into this soil (HS). The
stabilization/solidification by Portland cement was done for humic acid added soil (S-HS)
and original contaminated sofl (S-OS). The experimental study of metal solubility according
to the leachant pH was carried out on finely-homogenized, crushed materials in order to
rapidly reach solid/liquid steady state conditions in sealed PE bottles. Contact solutions using
maintained at various pH values between 0.5 and 12 by addition of nitric acid or sodium
hydroxide solutions, regulated the liquid to solid ration (L/S) of 10. About 5.0 g of 2 mm
ground S-OS and S-HS (5%w/w HA added} was weighed in 75 ml PE bottle. Then 25 mL of
deionised water was added into bottle. After that. the mixture pH was potentiometrically
adjusted to maintain equilibrating at values ranging from 0.5 to 12 by addition of 0.5 M nifric
acid/sodium hydroxide. This mixture was mechanical shaken for 30 min. The suspension was
settled for 7 days. After that, the mixture was filtrated two times through Whatman no.42
filter paper. The filtrate finally was measured the pH and re-acidified to pH around 2 by
nitric acid addition. The amounts of metal were determined by an ICP-OES. Each batch was
run in duplicate. The TCLP test was performed for both materials.

Results, Discussion and Conclusion: The leaching of heavy metals from crushed mortar at
various pH values was shown in Fig. 1. The extent of metal solubilization depended on the
pH. degree of complex ability of humic acids, and the nature of chemical pollutants. For S-
OS. the amount of released metals increased as the pH of the system was decreased. In
principle, this will be related with the solubility constant. K. For all studied heavy metals.
they were encouraged as they had some similarities in their chemisuy in solution that
depends on pH. However. the shapes of the solubilization curves were different as seen in
Figs. 1. The amounts of Cd. Cu. Ni. Zn, and Pb (except for Cr) being leached from the S-HS
were relatively lower than form S-OS under the leachant pH of 6-8.

These results also indicated that metals in the concrete matrix were strongly retained in such
a solidified matrix. For S-HS, the leached amount of cadmium proportional decreased with
increasing of leachant pH. The solubilization of nickel species was comparable to the
cadmium one; however, under alkaline condition its solubilization was invariable.

In the case of lead solubilization under different pH conditions presented in Fig. 1. there was
a valley feature. The least aggressive leaching (pH ~ 12) resulted in more increasing of lead
release caused by a high pH maintained at the surface. Owing to the amphoteric
characteristic of lead at lugh and low pH of leachant, its solubilization was low for the
natural pH-leachant. It indicated that releasing of lead was prone to the chemical conditions.
The chromium solubilization under different pH conditions was presented: the solubilization
vs. pH relation was a hill features (pH of 5-12): contrasting to lead one. The amount of
leached chromium increased as the pH of the system was downward to about 5. and then
leached amount increased with pH increasing up to 10 followed by descending of leached
amount again. These features were also observed in the copper. lead. and zinc releasing



illustrated in Fig. 1. respectively. In the last, it can be concluded that the metal solubilization
in stabilized soil was a function of pH of leaching medium and the presence of humic acids.
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added soil (S-HS: ) and (b) stabilized orginal soil (S-OS; =)

Concentration of Cd. Cr, Cu. Ni. Pb. and Zn versus pH of (a) stabilized humic acid

The TCLP results of S-OS showed that the concentration of all metals leached were below
the TCLP regulatory levels. While. the concentration of Cd leached from S-HS was higher

than the TCLP regulatory levell
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