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Effect of Biochar Particle Size and Che

Some Heavy Metals in Co-Comp
ABSTRACT

Biochar is commonly used to mitigate the adverse cts of the compo,
product. In this research, municipal solid waste (MS

mposted. Results demonstrated that chemical activation of
and more irregular structures. In co-composting, NaOH-AB (5%)
emperature (71.5°C), total nitrogen content (1.37%) and germination
as recorded in Biamm (10%). Among the biochar treatments, special
attention should be gw B (10%) t t due to its lowest Zn and Mn concentrations, the Bi-2mm (10%) treatment

for having the lowest

final co-compst (p < 0.
concentrations of Fe, Zn, Mn, d Cd in the composts produced in this study were all below the allowable limits. However,
the control exhibited the lhighe al and DTPA-extractable HM concentrations. Overall, the addition of biochar, especially
activated bioch
concentration and bioa
sizes (0.5-2 mm)—to
research on co-com

y of HMs. In conclusion, the addition of biochar—particularly activated biochar and smaller particle
uring composting reduces both the total and bioavailable concentrations of HMs. Therefore, further
and its implications is of great importance.
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EXTENDED ABSTRACT
Introduction

Municipal solid waste (MSW) management is a global concern due to the continuous increase in MSW generation driven by
industrialization and population growth. Without urgent intervention, MSW production is projected to reach 3.8 billion tons by 2050.
The environmental impacts of illegal dumping or improper management of MSW include climate change, biodiversity loss, and
contamination of air, water, and soil. Therefore, effective MSW management-aimed at minimizing waste generation, maximizing
reuse, recycling, composting, and utilizing environmentally friendly alternative materials-must be rigorously implemented.
Composting is of interest in various waste management strategies due to its low operating costs as well as social and environmental
benefits. However, compost production and application face challenges such as greenhouse gas emissions (CHs, COz2, and N20), odor
generation, nitrogen loss, and contamination of water and soil resources with heavy metals. To mitigate these negative effects and



improve compost quality, the use of additives such as biochar at the initial stage of composting-known as co-composting-has been
proposed. This study aims to investigate the effects of biochar particle size and its activation by NaOH and H2SO4 on the mobility of
macronutrients and heavy metals in MSW compost with a low initial C/N ratio.

Materials and methods

MSW was collected from the Municipal Waste Management Organization, Tabriz, Iran. The waste biomass for the production of
biochar, was prepared by mixing the pruning branches of plum and pomegranate trees. Biochar was produced by slow pyrolysis at
400 °C with a heating rate of 10 °C per minute and a one-hour holding time at the target temperature. The biochar was separated
using 0.5-1 mm (Bos-1 mm), 1-2 mm (B1-2mm), and 2-4 mm (Bz-4 mm) Sieves. For biochar activation, the biochar (Bo.s-1mm) Was activated
with solutions of 2M NaOH and/or H2SO4 at a solid-to-solution ratio of 1:2 (w/v) with gentle stirring for 2 hours. In this research, the
MSW were mixed thoroughly with different-sized biochars (Bos-imm, Bi-2mm and Bz-amm) and activated biochars (NaOH-AB and
H2S04-AB) and co-composted for 90 days until compost maturity. The biochar properties were analyzed using varigus techniques,
including CHNS, FTIR and SEM, while the co-compost samples were subjected to some physicochemical an Repeated
measures ANOVA was used for the statistical analysis.

Results

compared to biochar each produced a peak of approximately 1260 to 1270 cm™ relat
structure). On the other hand, H2SO4-AB produced a peak of approximately 1384 cm-
the presence of C-H in CHz or CHs (aliphatic structure)). In co-compost, NaOH-AB (
(71.5°C), the longest thermophilic period (7 days), total nitrogen content (1.37%) an

irregularly sized cavities and deep pores by modifying the biochar surface structure.\The activation of b h nd H2SO4
0 the presence of C-(Q esters (aromatic

NAB (related to
/w) showed highest temperature
ation inde)g130.9%). The highest

12mm (10%) treatment for having the
lowest Fe and Pb concentrations, and the NaOH-AB (10%) treatme r exhibit est Cd concentration (p < 0.05). In this

research, biochar particle size had no significant effect on theggemperattite o

given to the H2S04-AB (10%) treatment due to its lowest Zn andg concentrations,
0

Conclusion

Based on the permissible limits for heavy metals in the national sta
heavy metal concentrations below the allowable limits. Howev
extractable heavy metal concentrations. High-quality co-compost was p
5% biochar (w/w). The addition of biochar, especially activated bioc
particle sizes (0.5 to 2 mm), led to a reduction in b e total concent
research on co-composting and its implications is of gieat importance.

an, the composts produced in this study contained
rol treatment exhibited the highest total and DTPA-
uced through the incorporation of 10% biochar rather than
(H2S04-AB and NaOH-AB) and biochar with smaller
ion and bioavailable of heavy metals. Therefore, further
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