b a‘fm%
Al-Qadisiyah Journal For Agriculture Sciences (QJAS) Y(# QIAS V
ISSN : 2618-1479 Vol.15, Issue. 1,(2025), pp. 32-37 \‘L;T},“"’“,J;L‘L“TEI/
https://jouagr.qu.edu.ig/ !m_" “_mo.

Enhancing Copper-Contaminated Soil Remediation Using
Walnut and Sunflower Residues

Tara Mohammed Hassan

Department of Biology, College of Education, Salahaddin University, Erbil, Irag.

E-mail: Tara.hassan@su.edu.krd

Abstract. Soil contamination with heavy metals, particularly copper (Cu), poses a significant
challenge to environmental health and agricultural. This study evaluates the potential of
organic amendments, including walnut shell biochar (produced at 700°C), sunflower husk
biochar (produced at 500°C) and nutshell flour, to reduce Cu availability in contaminated soils.
The amendments were applied at two concentrations (2.5% and 5%) to soils spiked with 2,000
mg/kg Cu. The untreated control soil exhibited the highest mean Cu availability (342.7 mg/kg),
highlighting the severity of contamination. Upon treatment with 2.5% walnut shell biochar, Cu
availability decreased significantly to 231.6 mg/kg, while 2.5% sunflower husk biochar, further
reduced Cu availability significantly to 222.2 mg/kg. A more substantial reduction was
achieved with 2.5% nutshell flour, which lowered Cu availability significantly to 181.4 mg/kg.
At the higher application rate (5%), the amendments showed enhanced efficacy. Walnut shell
biochar and sunflower husk biochar reduced Cu availability to 223.2 mg/kg and 190.7 mg/kg,
respectively. Notably, 5% nutshell flour exhibited the highest immobilization potential,
decreasing Cu availability significantly to 142.9 mg/kg. While in other hand study also
investigates the effects of walnut shell biochar, sunflower husk biochar, and nutshell flour on
the pH of Cu-contaminated soil (2,000 mg/kg Cu), The untreated control soil had a neutral pH
of 7.52, while Cu contamination significantly reduced pH to 6.47, reflecting increased acidity.
Application of 2.5% and 5% walnut shell biochar and 2.5% sunflower husk biochar
significantly elevated the pH to 8.0, 8.21 and 7.96, respectively, achieving near-neutral or
slightly alkaline conditions. Conversely, 2.5% nutshell flour resulted in a marginal pH increase
to 6.59, indicating limited neutralizing potential.
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1. Introduction

Soil contamination by heavy metals, particularly copper (Cu), has become a significant environmental
concern due to its persistence, bioaccumulation, and toxic effects on ecosystems. The primary sources
of Cu pollution are anthropogenic activities, including the excessive application of Cu-based
fungicides and fertilizers in agriculture, industrial emissions, mining, and wastewater discharge [1,2].
Although Cu is an essential micronutrient for plants and microorganisms, elevated concentrations can
disrupt soil microbial communities, reduce fertility, and hinder plant growth. Beyond its impact on
agricultural productivity, Cu contamination also increases the risk of heavy metal transfer within food
chains, leading to potential health hazards for humans and animals [3]. Consequently, the development
of sustainable and environmentally friendly strategies to mitigate Cu contamination is essential. In
recent years, biological adsorbents have emerged as an effective and efficient alternative for removing
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heavy metals from contaminated environments. Biosorption, a process that employs low-cost
biological materials to capture toxic heavy metals, offers several advantages over conventional
remediation methods. These include the reusability of biomaterials, low operating costs, high metal
selectivity, rapid processing times, and the absence of chemical sludge production [4]. The adsorption
process involves the interaction between a solid surface (adsorbent) and dissolved metal ions
(adsorbate), resulting in the accumulation of heavy metals onto the adsorbent material.

A wide range of agricultural byproducts can serve as effective adsorbents due to their high adsorption
capacity, selectivity, thermal and chemical stability, and low solubility in water. Examples of such
materials include rice husks, coconut shells, walnut and almond shells, peanut shells, tea leaves, fruit
peels, sugarcane bagasse, sawdust, tree bark, neem leaves, and biochar. These natural materials not
only provide a cost-effective solution for heavy metal removal but also contribute to waste
management and environmental sustainability [5,6]. Traditional remediation techniques, such as soil
washing, chemical stabilization, and phytoremediation, often present challenges in terms of cost,
efficiency, and potential environmental risks [7,8]. Therefore, investigating sustainable, cost-effective
approaches for mitigating Cu contamination remains a crucial focus in environmental management
and agricultural sustainability.

The application of organic amendments, particularly plant-based residues, has gained significant
attention as an effective strategy for immobilizing heavy metals in contaminated soils while enhancing
overall soil quality. Recent research has highlighted the potential of bio-based materials, such as
walnut and sunflower residues, in stabilizing heavy metals through mechanisms like sorption,
complexation, and pH modification [9,10]. Specific research has shown that biochars derived from
different raw materials vary in their ability to sorb and transform heavy metals like Zn in soil [11].
However, some studies have suggested that certain heavy metals adsorbed onto biochar can undergo
desorption, potentially impacting their long-term stabilization [10]. Given that biochar properties
depend on feedstock type and pyrolysis conditions, optimizing production methods is crucial to
maximize its effectiveness in remediating contaminated soils [12]. For example, peanut shell biochar
has been tested for its effectiveness in immobilizing Pb and Zn in contaminated soils [11]. This study
presents a novel comparative evaluation of three distinct organic amendments—walnut shell biochar,
sunflower husk biochar and nutshell flour—for their effectiveness in immobilizing copper (Cu) in
highly contaminated soils (2,000 mg/kg Cu). While biochars have been widely studied, this work
uniquely highlights the underexplored potential of nutshell flour, particularly at higher application
rates, as a superior agent for Cu immobilization. Additionally, the study provides new insights into the
pH-modulating effects of each amendment under identical contamination conditions.

2. Material and Methods
This study employed a controlled model experiment to assess copper contamination stabilization in
Fluvisol.

2.1. Soil Sampling and Analysis

Soil samples were collected from the upper 20 cm layer of an undisturbed site, distant from pollution
sources. Before the experiment, soil samples were dried, ground to <1 mm, and cleared of plant debris
and large fragments. Physicochemical analysis revealed a soil pH of 7.3, with 48.1% physical clay
(<0.01 mm), 28.6% silt (<0.001 mm), 3.7% organic carbon, and 0.1% carbonates. The cation
exchange capacity (CEC) was measured at 36 cmol (+) kg™ [13]. Portions of 100 g soil were placed in
plastic containers and thoroughly mixed with an aqueous copper acetate solution 2,000 mg/kg. After a
two-week incubation period, % biochar was added—equivalent to 200 kg per 100 m? (or 20 t/ha for
the top 20 cm of soil). Moisture was maintained at 60% of total capacity, and contaminated soil was
incubated at room temperature under natural light. Biosorbent production followed a three-stage
pyrolysis process, optimizing meso- and micropore distribution and surface area.

2.2. Experimental Setup

We accomplished model experiments to study the efficiency of the recultivation of the contaminated
soil based on biosorbent. For this purpose, Soil — 100g. Options with soil contamination and the use of
biochars (from sunflower husks and nut shells), as well as powdered nut shells in raw form - in two
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repetitions. Total - 2.4 kg of soil for the experiment. we sampled the upper humus horizon (0—20 cm)
of the clay loamy Fluvisol in the Kamenka district (Rostov region). The pollutant was represented by
Cu (300 mg/kg per pure element). Before starting

e Common chernozem (Haplic Chernozem) unpolluted (background) represented by C.
Chernozem (background) +2000 mg/kg Cu (CuCH3COO)2) represented by (T1).
Chernozem (background) +2000 mg/kg Cu +2.5% biochar from nut shell represented by (T2).
Chernozem (background) +2000 mg/kg Cu +2.5% biochar from sunflower husk (T3).
Chernozem (background) +2000 mg/kg Cu +2.5% nut shell flour (T4).
Chernozem (background) +2000 mg/kg Cu +5% biochar from nut shell (T5).
Chernozem (background) +2000 mg/kg Cu +5% biochar from sunflower husk (T6).
Chernozem (background) +2000 mg/kg Cu +5% nut shell raw (T7).

2.3. Biochar Production

The process of preparation biochar involved a 30 minute sample holding time, a final temperature of
700°C for walnut shell biochar, and 500°C for sunflower husk biochar a heating rate of 15°C per
minute. The treatments were added in different concentration of %2.5 and %35 for walnut shell biochar
(produced at 700°C), sunflower husk biochar (produced at 500°C) and nutshell flour.

2.4. Copper Determination
The Procedure for measuring the mass fractions of mobile metals: copper samples of soils was by
flame atomic absorption spectrometry [3].

2.5. Statistical Analysis
Duncan’s Multiple Range Test (DMRT) is a post-hoc statistical method used to compare the means of
different treatment groups after a significant result has been found using analysis of variance
(ANOVA). Based on the results, treatments with the same letter (e.g., "a", "b", "c¢", "d", etc.) in their
mean values do not differ significantly, while those with different letters are significantly different at a
given confidence level.

3. Results and Discussion

3.1. Cu Availability in Soil

As shown in Fig. (1), the uncontaminated control (C.) was significantly different (p < 0.05) from all
other treatments as indicated by its unique grouping ("e"). The contaminated control (T1) belonged to
group "a," confirming that Cu contamination drastically increases its availability in the soil. The
highest Cu availability (342.7 ppm) was observed in the soil contaminated with 2,000 mg/kg Cu
without any amendments. The addition of 2.5% Walnut Shell Biochar (T2) reduced Cu availability to
231.6 ppm (group "b"), showing a significant reduction compared to the contaminated soil but not the
most effective treatment. Similarly, 2.5% Sunflower Husk Biochar (T3) also fell into group "b,"
indicating a comparable effect to walnut shell biochar. In contrast, 2.5% Nutshells (Flour Form)
belonged to group "c," showing a statistically significant improvement over treatments in group "b"
and demonstrating superior Cu immobilization, reducing Cu availability to 181.4 ppm.

Increasing the walnut shell biochar concentration to 5% (Soil + Cu + 5% Walnut Shell Biochar)
remained in group "b," suggesting that a higher biochar concentration did not significantly enhance Cu
immobilization. However, 5% Sunflower Husk Biochar showed a significant improvement over the
2.5% treatment and belonged to group "c." The most effective treatment was 5% Nutshells (Flour
Form), which belonged to group "d" and resulted in the lowest Cu availability among all Cu-treated
soils, indicating the highest Cu immobilization efficiency. Bakshi et al [14] demonstrated that biochar
application reduced Cu leaching loss from approximately 47% to 10% in Cu-spiked Alfisol and from
48% to 9% in Cu-spiked Spodosol. The study attributed this reduction to Cu retention on biochar
surfaces through complexation, converting Cu from an available pool to more stable forms [15] found
that biochar amendments decreased exchangeable Cu and increased Cu bound to organic matter and
residual fractions in contaminated soils. This shift led to reduced Cu bioavailability and enhanced
plant production, notably in Solanum lycopersicum, which exhibited up to 12 times more growth than
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plants in non-amended soil [16] reported that biochar significantly reduced the concentration of Cu in
sweet corn and soybean under Cu stress. The study suggested that biochar addition decreased soil
acid-soluble Cu and increased residual Cu, thereby reducing Cu bioavailability and uptake by crops
[17]. examined the effectiveness of biochars derived from soybean and pine feedstocks in
immobilizing lead (Pb) and Cu in contaminated soils. The study confirmed that these biochars
effectively reduced the mobility and bioavailability of these heavy metals.
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Figure 1. Effect of different treatment of amendments on Cu availability mg/kg.

3.2. PH level of the Soil

As shown in Fig. (2), the unpolluted control (C. column had a pH of 7.52, while the polluted control
(T1, soil + 2,000 mg/kg Cu) experienced a significant decrease in pH to 6.47, indicating strong
acidification due to copper contamination. Heavy metals such as copper (Cu) are known to lower soil
pH by increasing hydrogen ion (H*) concentration [18,19]. The addition of Walnut Shell Biochar at
2.5% and 5% increased soil pH to 8.0-8.215 (group "a"), significantly neutralizing the acidity
compared to both control and Cu-only soil. Similarly, 2.5% Sunflower Husk Biochar raised the pH to
7.965 (group "a"), while 5% Sunflower Husk Biochar had a moderate effect, increasing pH to 7.635
(group "ab"). Biochar, being alkaline in nature, neutralizes soil acidity by releasing basic cations
(Caz*, Mg?*, K*), which helps reduce copper toxicity [9,20].

In contrast, nutshell amendments had a limited effect on soil pH. The 2.5% nutshell treatment resulted
in a pH of 6.595 (group "b"), and 5% nutshells further decreased pH to 6.37 (group "b"), showing no
significant alkalizing effect compared to the control. This suggests that nutshells are less effective in
neutralizing soil acidity than biochar [10,11,21]. These findings are consistent with previous studies
that emphasize biochar's capacity to ameliorate soil pH and stabilize heavy metals, making it an
effective soil amendment for contaminated environments.
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Figure 2. Effect of different treatment of amendments on PH level.

Conclusions

The reductions in Cu availability across all treatments are statistically significant compared to the
control (p < 0.05), with effectiveness ranking as follows: nutshell flour > sunflower husk biochar >
walnut shell biochar. The use of nutshell flour at higher concentrations proved to be the most effective
strategy for cu availability, suggesting its potential as a sustainable and low-cost amendment for
remediating Cu-contaminated soils. At the 5% application rate, walnut shell biochar demonstrated the
highest pH improvement, followed by sunflower husk biochar, both significantly neutralizing the
acidic conditions. These findings provide critical insights into the role of biochar and organic residues
in mitigating heavy metal contamination, emphasizing their application in sustainable soil
management and environmental protection strategies.

Further research is recommended to evaluate the long-term stability and ecological impacts of these
amendments in field conditions.

Acknowledgments
I would like to express my sincere gratitude to Salahaddin University for its invaluable support in
facilitating my research and providing the necessary resources for my scientific articles.

References

[1] Alloway BJ. 2013. Sources of heavy metals and metalloids in soils. Heavy metals in soils: trace metals
and metalloids in soils and their bioavailability:11-50 https://doi.org/10.1007/978-94-007-4470-7_2

[2] He ZL, Yang XE, Stoffella PJ. 2005. Trace elements in agroecosystems and impacts on the
environment. Journal of Trace elements in Medicine and Biology 19:125-40
https://doi.org/10.1016/j.jtemb.2005.02.010

[3] Minkina TM, Fedorenko GM, Nevidomskaya DG, Pol’shina TN, Fedorenko AG, et al. 2021.
Bioindication of soil pollution in the delta of the Don River and the coast of the Taganrog Bay with
heavy metals based on anatomical, morphological and biogeochemical studies of macrophyte (Typha
australis Schum. & Thonn). Environmental Geochemistry and Health 43:1563-81
https://doi.org/10.1007/s10653-019-00379-3

[4] Shruthi K, Pavithra M. 2018. A study on utilization of groundnut shell as biosorbent for heavy metals
removal. International Journal of Engineering and Technology 4:411-5.

[5] Witek-Krowiak A, Szafran RG, Modelski S. 2011. Biosorption of heavy metals from aqueous solutions
onto peanut shell as a low-cost biosorbent. Desalination 265:126-34
https://doi.org/10.1016/j.desal.2010.07.042

| University of Al-Qadisiyah , College of Agriculture 36
DOI: 10.33794/qjas.2025.158650.1200 This is an open access article under the CC BY 4.0 licence (https://creativecommons.org/licenses/by/4.0/)



https://doi.org/10.1007/978-94-007-4470-7_2
https://doi.org/10.1016/j.jtemb.2005.02.010
https://doi.org/10.1007/s10653-019-00379-3
https://doi.org/10.1016/j.desal.2010.07.042

Al-Qadisiyah Journal For Agriculture Sciences (QJAS) \‘%/g QJAS
ISSN : 2618-1479 Vol.15, Issue. 1,(2025), pp. 32-37 \ix\ﬁ?fj,““"“,dﬁ&"ﬁi
https://jouagr.qu.edu.ig/ !m N “_m..

[6] Qaiser S, Saleemi AR, Umar M. 2009. Biosorption of lead (II) and chromium (VI) on groundnut hull:
Equilibrium, kinetics and thermodynamics study. Electronic journal of Biotechnology 12:3-4
https://doi.org/10.2225/vol12-issue4-fulltext-6

[7] Liang L, Liu W, Sun Y, Huo X, Li S, Zhou Q. 2017. Phytoremediation of heavy metal contaminated
saline soils using halophytes: current progress and future perspectives. Environmental Reviews 25:269-
81 https://doi.org/10.1139/er-2016-0063

[8] Ali H, Khan E, Sajad MA. 2013. Phytoremediation of heavy metals—concepts and applications.
Chemosphere 91:869-81 https://doi.org/10.1016/j.chemosphere.2013.01.075

[9] Park JH, Choppala GK, Bolan NS, Chung JW, Chuasavathi T. 2011. Biochar reduces the bioavailability
and phytotoxicity of heavy metals. Plant and soil 348:439-51 https://doi.org/10.1007/s11104-011-0948-
Yy

[10] Ahmad M, Rajapaksha AU, Lim JE, Zhang M, Bolan N, et al. 2014. Biochar as a sorbent for
contaminant management in soil and water: a review. Chemosphere 99:19-33
https://doi.org/10.1016/j.chemosphere.2013.10.071

[11] Chao X, Qian X, Han-Hua Z, Shuai W, Qi-Hong Z, et al. 2018. Effect of biochar from peanut shell on
speciation and availability of lead and zinc in an acidic paddy soil. Ecotoxicology and environmental
safety 164:554-61 https://doi.org/10.1016/j.ecoenv.2018.08.057

[12] Zha Y, Zhao L, Wei J, Niu T, Yue E, et al. 2023. Effect of the application of peanut shell, bamboo, and
maize straw biochars on the bioavailability of Cd and growth of maize in Cd-contaminated soil.
Frontiers in Environmental Science 11:1240633 https://doi.org/10.3389/fenvs.2023.1240633

[13] Ryan J, Estefan G, Rashid A. 2001. Soil and plant analysis laboratory manual. I[CARDA.

[14] Bakshi S, He ZL, Harris WG. 2014. Biochar amendment affects leaching potential of copper and
nutrient release behavior in contaminated sandy soils. Journal of environmental quality 43:1894-902
https://doi.org/10.2134/jeq2014.05.0213

[15] Meier S, Curaqueo G, Khan N, Bolan N, Cea M, et al. 2017. Chicken-manure-derived biochar reduced
bioavailability of copper in a contaminated soil. Journal of Soils and Sediments 17:741-50
https://doi.org/10.1007/s11368-015-1256-6

[16] Yang W, Pan Y, Yu X, Xiao S, Wang W, Lu M. 2022. Biochar & cropping systems changed soil copper
speciation and  accumulation in  Sweet Corn and  Soybean. Plants  11:2375
https://doi.org/10.3390/plants 11182375

[17] Salam A, Bashir S, Khan I, Shahid Rizwan M, Afzal Chhajro M, et al. 2018. Biochars immobilize lead
and copper in naturally contaminated soil. Environmental Engineering Science 35:1349-60
https://doi.org/10.1089/ees.2018.0086

[18] Lehmann J, Joseph S. 2024. Biochar for environmental management: science, technology and
implementation. Taylor & Francis.

[19] Verheijen F, Jeffery S, Bastos A, Van der Velde M, Diafas 1. 2009. Biochar application to soil-a critical
scientific review of effects on soil properties, processes and functions. EUR 24099:149pp.

[20] Yao Y, Gao B, Zhang M, Inyang M, Zimmerman AR. 2012. Effect of biochar amendment on sorption
and leaching of nitrate, ammonium, and phosphate in a sandy soil. Chemosphere 89:1467-71
https://doi.org/10.1016/j.chemosphere.2012.06.002

[21] Xu C, Chen H-x, Xiang Q, Zhu H-h, Wang S, et al. 2018. Effect of peanut shell and wheat straw
biochar on the availability of Cd and Pb in a soil-rice (Oryza sativa L.) system. Environmental Science
and Pollution Research 25:1147-56 https://doi.org/10.1007/s11356-017-0495-z.

| University of Al-Qadisiyah , College of Agriculture 37
DOI: 10.33794/qjas.2025.158650.1200 This is an open access article under the CC BY 4.0 licence (https://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.2225/vol12-issue4-fulltext-6
https://doi.org/10.1139/er-2016-0063
https://doi.org/10.1016/j.chemosphere.2013.01.075
https://doi.org/10.1007/s11104-011-0948-y
https://doi.org/10.1007/s11104-011-0948-y
https://doi.org/10.1016/j.chemosphere.2013.10.071
https://doi.org/10.1016/j.ecoenv.2018.08.057
https://doi.org/10.3389/fenvs.2023.1240633
https://doi.org/10.2134/jeq2014.05.0213
https://doi.org/10.1007/s11368-015-1256-6
https://doi.org/10.3390/plants11182375
https://doi.org/10.1089/ees.2018.0086
https://doi.org/10.1016/j.chemosphere.2012.06.002
https://doi.org/10.1007/s11356-017-0495-z

