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Article type: Research Article Biochar is commonly used to mitigate the adverse effects of the composting process and

enhance the quality of final co-compost product. In this research, municipal solid waste
(MSW) was mixed thoroughly biochar of particle sizes (B2-4mm, B1-2mm, B0.5-1mm), and
activated biochars (H2SO4-AB0.5-1mm and NaOH-ABO0.5-1mm) and co-composted. Results
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exhibiting the lowest Cd concentration in final co-compst (p < 0.05). Based on the permissible
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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 (CH4, CO2, 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 (B0.5-1 mm), 1-2 mm
(B1-2 mm), and 2-4 mm (B2-4 mm) sieves. For biochar activation, the biochar (B0.5-1mm) 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 (B0.5-1mm, B1-2mm and B2-
4mm) and activated biochars (NaOH-AB and H2SO4-AB) and co-composted for 90 days until compost
maturity. The biochar properties were analyzed using various techniques, including CHNS, FTIR and SEM,
while the co-compost samples were subjected to some physicochemical analyses. Repeated measures ANOVA
was used for the statistical analysis.

Results

The results revealed that the activation of biochar with NaOH and H2S04 solutions caused the appearance
of a mesh structure with irregularly sized cavities and deep pores by modifying the biochar surface structure.
The activation of biochar with NaOH and H2S04 compared to biochar each produced a peak of approximately
1260 to 1270 cm-1 related to the presence of C-O in aryl esters (aromatic structure). On the other hand, H2SO4-
AB produced a peak of approximately 1384 cm-1 compared to NaOH-AB and NAB (related to the presence
of C-H in CH2 or CH3 (aliphatic structure)). In co-compost, NaOH-AB (5%, w/w) showed the highest
temperature (71.5°C), the longest thermophilic period (7 days), total nitrogen content (1.37%) and germination
index (130.9%). The highest organic matter content (OM) (37.9%) was recorded in B1-2mm (10%, w/w).
Among the biochar treatments, special attention should be given to the H2SO4-AB (10%) treatment due to its
lowest Zn and Mn concentrations, the B1-2mm (10%) treatment for having the lowest Fe and Pb
concentrations, and the NaOH-AB (10%) treatment for exhibiting the lowest Cd concentration (p < 0.05). In
this research, biochar particle size had no significant effect on the temperature of compost in the thermophilic
phase (P>0.05).

Conclusion

Based on the permissible limits for heavy metals in the national standard of Iran, the composts produced
in this study contained heavy metal concentrations below the allowable limits. However, the control treatment
exhibited the highest total and DTPA-extractable heavy metal concentrations. High-quality co-compost was
produced through the incorporation of 10% biochar rather than 5% biochar (w/w). The addition of biochar,
especially activated biochar (H2SO4-AB and NaOH-AB) and biochar with smaller particle sizes (0.5 to 2 mm),
led to a reduction in both the total concentration and bioavailable of heavy metals. Therefore, further research
on co-composting and its implications is of great importance.
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1. Europian Biochar Cetificate
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1. Dehydration
2. Carboxylation
3. Methanation
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Sy ©us e sbewd (il Jlé Dehkhoda et al (2014) zoli wilea J(Enev et al, 2014) cul el (ol 4
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@ bgrye) WAY 4l )3 o 6 HaSO4 g 163,8 sbl (Kl [l lo) byl o)) 1> C-O jguas s bgaype VYV JINYS 1

2,8 bl (Sladl Jlisle) CHa L CHz > C-H g

G s ol Silows 9 eyt £lil Oluoguas ) Jgia

Properties Unit MSW B 05.1mm) B2 B*eumm  NaOH-AB**  H,SO,-AB**
Ash (/100g) YY/-0 valov 4/v0 \a/-¥ \AA WY/a8
C (&/100g) VIR DE/FY DF/FY DF/FY PR b5V
H (&/100g) -1V Vs VIS VIS V/sa VoY
N (g/100g) VYA Ve <IAA AIAD VIVY NN
S (/1002) - IV¥ JIys s s VY VAN
o) (&/100g) AAA V$/aa YY/Q¥ YYIY VF/E YV A
o/C — J¥Y vy ¥y I¥¥ Y 0¥
H/C -— o5 ¥ ¥ ¥ ¥y I¥s
CN - \Y/oy AY/AY Y S¥/-A BY/V¥ Y/¥Y
CEC (Cmolc/kg) - vo/-¥ VIVE Vs YAIFY va/ov
pH — v/av Ns5 8.5 aA Ay VIV
EC (dS/m) AIY 100 ¥Y YA ¥V \IvE
Total P (ko) ) Vs VY VAY .Ja¥ <IVY
Total K (ko) \-/55 -y -y oY \% Y/¥Y
Total Na (g/ke) \iai -IA8 -IVA -Iva Y/-¥ -I¥D
Total Fe (ko) VIYA VA V/-y LAY VA A
Total Mn (mg/kg V¥ W)+ /VA SAIVY VI AAJAY A¥/-¥
Total Zn (mg/kg) Fa/FY v/ YAY Yo/¥ ASY/V AWAIYY
Total Cu (mg/kg) ALY Y. I8V WIAD VA YE/TY VEIVY
Total Ph (mg/kg) VA- /oY VY VEY/A VEY/A WY/TY VES ISV
Total Ni (mg/kg) AR VY VV/s5 vo/Na ANA V¥/04
soluble K (/ke) dIA VY Vv Vb YA .50
soluble Na (ko) vivs I55 /b ¥y VIV A
Olsen-P (mg/ke) VEY/D DVIVD /o W YVI¥A W/
DTPA- Fe (mg/kg) OYV/YY YA/A) YS/AA va/sa Y/ XV
DTPA- Mn (mg/kg) vo/of \Ata V¥ -/ /oy /A
DTPA-Zn (mg/kg) FY/AF yo/ay Y/ oivs YYIvE ¥
DTPA-Cu  (Mg/ke) yr/¥e AIVE v/-y Valts Y vIoa
DTPA-Pb (mg/kg) /¥y oY .e¥ oY oo Y
DTPA- Ni (mg/kg) £ IrY dIVE 5140 5140 o ¥/ay
DTPA-Cd (mg/kg) Ny e oo oo e e

*B=Biochar **AB=Activated biochar
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1. Volatile fatty acids
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