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Article Info ABSTRACT

Soil contamination with heavy metals, paticularly cadmium, poses significant environmental
risks, threatening food security and human health. This study investigated the effect of
activated biochar and hydrochar derived from Chlorella vulgaris algae on various cadmium
forms in contaminated soils. Biochar and hydrochar were produced at 450 and 200°C,
respectively, and activated with potassium hydroxide. They were applied at concentrations of
Received: July. 26, 2024 0, 1, and 4% by weight to soils contaminated with cadmium at levels of 50 and 100 mg kg-1.

. Cadmium fractions in soil—exchangeable, carbonate-bound, organic matter-bound, and those
Revised: Sep. 27, 2024 associated with iron and manganese oxides—were analyzed using atomic absorption
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Accepted: Oct. 13, 2024 spectroscopy. Additionally, the surface morphology, gross calorific value, carbon, nitrogen,
. . hydrogen content, specific surface area and biomass of the activated hydrochar and biochar
Published online: Jan. 2025 were determined. The results indicated that with a cadmium concentration of 50 mg kg-1, the

addition of 4% biochar reduced the exchangeable cadmium by 2.9 mg kg-1, attributed to the
high specific surface area of biochar and hydrochar, providing numerous adsorption sites for
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Soil Amendment, ) cadmium fractions bound to organic matter and iron/manganese oxides. At cadmium
Iron and Manganese Oxides, concentrations of 50 and 100 mg kg-1, the highest amounts of cadmium in the form of iron
Pollution, and manganese oxides were 23 and 24.8 mg kg-1, respectively. This study highlights the
Enwronmen_ta_ll, potential of biochar and activated hydrochar from Chlorella vulgaris algae to promote
Gross Calorific Value. sustainable agriculture by reducing the bioavailability of cadmium in contaminated soils.
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EXTENDED ABSTRACT

Introduction

Soil contamination by heavy metals is a major environmental problem that can seriously affect food
security and human health. Heavy metals such as lead, cadmium, and zinc accumulate in the soil due to human
activities, including applying fertilizers and pesticides, irrigation with wastewater, mining, and improper waste
disposal. Agricultural products grown in contaminated soils absorb these heavy metals and enter the human
food chain, posing severe health risks. Cadmium, in particular, poses humerous environmental and health
hazards due to its high toxicity and ability to accumulate in soil. Prolonged exposure to cadmium can lead to
kidney damage and an increased risk of osteoporosis, bone fractures, and cancer. As an immunotoxicant,
cadmium can alter the function of the immune system and cause various health problems. In addition, this
heavy metal has been linked to reproductive issues.

Materials and Methods

Chlorella vulgaris microalgae stocks were obtained from the Goher Sabz Algal Culture Laboratory and
maintained under controlled laboratory conditions. The process involved maintaining the temperature at 25°C
with a photoperiod of 12 hours light and 12 hours dark. After the logarithmic growth phase of the microalgae,
the biomass was harvested, washed, and dried. Biochar and hydrochar were produced from this biomass and
activated with potassium hydroxide. To investigate the effect of biochar and hydrochar on the bioavailability
and distribution of chemical forms of cadmium, an experiment was conducted using a completely randomized
design with three replications. Cadmium nitrate was used to contaminate the soil at three contamination levels,
and the contaminated samples were incubated for 16 weeks. After the incubation period, the bioavailability of
cadmium was assessed using EDTA, and the total cadmium content was determined by the digestion method.

Results and Discussion

The results showed that applying 1% biochar and hydrochar by weight reduced exchangeable cadmium.
At a concentration of 50 mg kg™, 1% biochar reduced exchangeable cadmium by 2.9 mg kg, and at 100 mg
kg, this reduction was 4.1 mg kg?. Similarly, 1% hydrochar reduced exchangeable cadmium by 2.9 and 1.7
mg kg, respectively. The combined use of biochar and hydrochar reduced exchangeable cadmium by 45%.
Due to its high specific surface area and adsorption properties, biochar can provide numerous adsorption sites
for metal ions and reduce their mobility. In addition, the porous structure of biochar improves soil aeration
and water retention, creating favorable conditions for microbial proliferation and metabolic processes. At
concentrations of 50 and 100 mg kg, the combined use of biochar and hydrochar increased the cadmium
content in the iron and manganese oxide fractions by 23 and 24.8 mg kg™, respectively.

Conclusions

This study demonstrated that activated biochar and hydrochar produced from Chlorella vulgaris algae
can significantly reduce the mobility and bioavailability of cadmium in soil Adding these amendments at 1%
by weight reduced exchangeable cadmium by up to 45%. By increasing specific surface area and adsorption
capacity, biochar and hydrochar reduce cadmium mobility and its potential toxicityThese results recommend
using biochar and hydrochar as sustainable and effective soil amendments for managing cadmium
contamination in agricultural soils. These amendments can help protect crops and soil organisms from
cadmium toxicity and contribute to environmental sustainability.
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