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Extended Abstract

Introduction

The increasing use of effluents for irrigation, particularly in regions facing water scarcity, poses a substantial threat
to agricultural sustainability due to the high level of heavy metals. These metals can accumulate in soil and plants,
posing risks to food safety and human health. To address this issue, researchers have explored various remediation
techniques, including the use of layered double hydroxides (LDHs). The LDHs can potentially capture the heavy
metals through multiple mechanisms. These include ion exchange, where positively charged layers attract and bind
negatively charged metal ions. Surface complexation involves the formation of complexes between metal ions and
hydroxyl groups on the LDH surface. The intercalation allows larger metal ions to enter the interlayer space and
interact with anions. In addition, the precipitation of metal hydroxides within the interlayer space can further
immobilize heavy metals. These mechanisms, acting synergistically, contribute to the remarkable adsorption
capabilities of LDHs for heavy metal removal. However, the efficiency of LDHs can be further enhanced by
incorporating biochar into their structure. Biochar, a carbonaceous material produced from the pyrolysis of
biomass, possesses a high surface area and porosity, enhancing the adsorption capacity of LDHs. The combination
of LDHs and biochar (BCLDH) creates a synergistic effect, resulting in a more efficient and sustainable
remediation approach. Therefore, the aim of this study is to investigate the effect of LDH and BCLDH on reducing
the uptake of some heavy metals, including lead, cadmium, nickel, and zinc, in basil plants during irrigation with
landfill leachate and industrial wastewater.

Materials and Methods

The LDH and BCLDH were synthesized using the co-precipitation method. The landfill leachate was sampled
from the Sari landfill site, and the industrial wastewater was collected from Sari Industrial Park No. 1. A split-plot
design with 3 replications was used for this study, where the main factor was the type of irrigation water, including
two types: landfill leachate and industrial wastewater. The sub-factor consisted of treatments with LDH and
BCLDH amendments, arranged in a completely randomized design with 7 treatments as follows: 1- Control, 2-
LDH 0.25%, 3- LDH 0.5%, 4- LDH 1%, 5- BCLDH 0.25%, 6- BCLDH 0.5%, and 7- BCLDH 1%. After mixing
various amounts of LDH and BCLDH with 6 kg of dry soil, 10 basil seeds were planted in each pot. The irrigation
method was based on weight loss, meaning that before planting the seeds, the pots were first saturated with tap
water according to their pore volume, and the weight of each pot after draining excess water was recorded as the
initial weight. Two weeks after seed germination, irrigation with landfill leachate and industrial wastewater was
conducted over 8 weeks based on the plants' evapotranspiration and the reduction in pot weight (after reducing the
available water up to 75%). Finally, after harvesting the plants, the levels of heavy metals in the soil and plants
were measured.

Results and Discussion

The results indicated an increase in soil pH up to 7.8 following the application of 1% BCLDH, probably due to
the effective role of biochar in raising soil pH. Moreover, the results showed that the LDH and BCLDH
amendments in irrigation with industrial wastewater had no significant effect on the levels of heavy metals in the
soil and the basil in the roots/shoots. In contrast, the application of LDH and BCLDH during irrigation with landfill
leachate successfully minimized the metal levels in the soil and plant organs, with a BCLDH 1% showing the best
performance. The lowest concentrations of lead, cadmium, and nickel in the soils were measured in the BCLDH
1% treatment, with values of 2.44, 0.18, and 1.64 mg/kg, respectively. Moreover, this treatment in landfill leachate
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irrigation reduced the concentrations of lead, nickel, and zinc in the shoots by 75.5%, 62%, and 36.4%,
respectively. This effect is attributed to the clear role of LDH and its contribution in increasing soil pH, cation
exchange, electrostatic adsorption, and the precipitation of metals into insoluble compounds in the soil. In addition,
the modification of LDH with biochar improved its structure, increased its surface area, and enhanced its porosity,
thereby reducing pore diameter. This led to the increased surface adsorption capacity, enhanced electrostatic
adsorption, and more effective removal of heavy metals, which reached its peak in the BCLDH 1% treatment.

Conclusion

The present study focused on the beneficial role of LDH and BCLDH amendments in reducing the uptake of heavy
metals (lead, cadmium, nickel, and zinc) by basil plants under irrigation with landfill leachate and industrial
wastewater. The results do not support the hypothesis of use of these amendments for industrial wastewater
irrigation, which is likely due to the inefficiency of amendments at low concentrations of heavy metals. On the
other hand, the results demonstrated the high efficiency of BCLDH in reducing the uptake of heavy metals by basil
during landfill leachate irrigation. The lowest levels of heavy metals were observed in the BCLDH 1% treatment
in soil, roots, and shoots. This outcome highlights the successful synthesis of biochar onto LDH, which improved
the structure and increased the metal adsorption capacity of BCLDH. In addition, the BCLDH 1% treatment
increased soil pH, electrostatic adsorption, and cation exchange, thereby reducing metal uptake by basil. Given
that the uncontrolled use of effluents may lead to excessive accumulation of metals in the edible parts of plants
and heightened concerns about human health, the application of BCLDH emerges as an effective approach for
significantly improving plant performance and reducing heavy metal uptake and its associated consequences.
However, before making the final recommendations, further studies should be conducted at the field scale, over
multiple years, and using different plant species to ensure the effective and reliable outcomes.
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Figure 1- An image of plants in the late growth stages of basil
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Figure 2- The FE-SEM (A, B) and XRD (C) images of the powdered LDH and BCLDH samples.
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Table 3- Analysis of variance of the pH and heavy metals in soil irrigated following the application of amendments
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** and ns indicate significant difference at one percent probability levels and no significant difference, respectively
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Table 4- Comparison of the mean effects of amendments on soil pH and cadmium levels
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0.23b 7.6¢c LDH 0.5%
0.2¢ 7.6¢c LDH 1%
0.2¢ 7.6¢c BCLDH 0.25%
0.2¢ 7.7b BCLDH 0.5%
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Columns with at least one similar letter indicate no significant difference at the five percent probability level based on the LSD test.

SB 595 ol 2 SHlel O £95 51 (wKibo anmlio -0 Jouo

Table 5- Comparison of the mean effects of irrigation water type on soil zinc levels
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Columns with at least one similar letter indicate no significant difference at the five percent probability level based on the LSD test.
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Figure 2- Comparison of the mean interaction effects of landfill leachate (LL) and industrial wastewater (IWW) irrigation, and

different amounts of LDH and BCLDH on the soil levels of lead and nickel. Columns with at least one similar letter indicate no significant
difference at the five percent probability level based on the LSD test.
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Table 6- Analysis of variance of the heavy metals in basil roots irrigated following amendments application
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** and ns indicate significant difference at one percent probability levels and no significant difference, respectively
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Figure 3- Comparison of the mean interaction effects of landfill leachate (LL) and industrial wastewater (IWW) irrigation, and

different amounts of LDH and BCLDH on the levels of lead and nickel in basil roots. Columns with at least one similar letter indicate no
significant difference at the five percent probability level based on the LSD test.
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Table 7- Comparison of the mean effects of irrigation water type on basil roots zinc levels
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Columns with at least one similar letter indicate no significant difference at the five percent probability level based on the LSD test.

g9 Jlize 51 g boaiSeMol (o)l ol g5 yito 4 52 51 (1o ise) olmy stlgp I (i 1515 E-F
Jeisl s )3 59y 5 o slp oniSdMol 5 )bl Pl > i s Slupe :0ke (bl &jod (o)
Caddy (pelio 4Bl o S5 (612 el 035y Jbline 2o p> Sy 2 ixie oS g Slowy Dy b sdbig)lul olou, 2lge
2oy B Jis! gaw jd )l Ol g 5l a8 glis ol b el S plSae 5ol flis A Jods 5o oSNl 5,8 il

Dy ybolise 0500 o jl g Jbline sled Al paredls” liue p Lo yuxie

ouiS Mol 3,25 51 )3 easdg bl oy (2lsd 11 43 (e I3 (il 2525 -A g

Table 8- Analysis of variance of the heavy metals in basil shoots irrigated following amendments application
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** * and ns indicate significant difference at one and five percent probability levels and no significant difference, respectively
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Figure 4- Comparison of the mean interaction effects of landfill leachate (LL) and industrial wastewater (IWW) irrigation, and

different amounts of LDH and BCLDH on the levels of lead, nickel and zinc in basil shoots. Columns with at least one similar letter
indicate no significant difference at the five percent probability level based on the LSD test.
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