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EXTENDED ABSTRACT

Introduction

Water shortage has compelled the use of unconventional water resources such as municipal and industrial
wastewater in agriculture. While wastewater provides essential nutrients (N, P, K), it often contains toxic heavy
metals that can accumulate in soils and enter the food chain. Sewage sludge, a byproduct of wastewaters
treatment, is also nutrient-rich but may increase soil contamination risks. This study focused on evaluating the
effects of industrial wastewater irrigation and sewage sludge application on soil chemical properties, heavy
metal bioavailability, and their accumulation in Portulaca oleracea L. (purslane), with emphasis on ecological
and food safety risks.

Materials and Methods

A pot experiment was carried out in the greenhouse of Bu-Ali Sina University, Hamedan, Iran, using a
completely randomized design. Treatments included contaminated and uncontaminated soils, irrigated with
industrial wastewater, with and without sewage sludge (5% w/w). Soils were artificially contaminated with Cd
(10 mg kg™'), Cu (300 mg kg?), Ni (300 mg kg1), and Zn (600 mg kg?). Soil parameters (pH, EC, CEC,
exchangeable cations, and DTPA-extractable heavy metals) were analyzed, and heavy metal contents in plant
tissues (root, stem, leaf) were determined using atomic absorption spectrometry. Bioaccumulation factor
(BCF), translocation factor (TF), estimated daily intake (EDI), and hazard quotient (HQ) were calculated to
assess ecological and human health risks. In this study, the calculation of the BCF was carried out based on
the DTPA-extractable heavy metals present in the soil.

Results and Discussion

Industrial wastewater exhibited moderate salinity (EC ~ 2.39 dS m™), high nitrate (25.7 mg L") and
phosphorus (2.2 mg L) contents, making it nutritionally beneficial but posing long-term risks of salinity
buildup. Application of sewage sludge in contaminated soil, increased CEC but also raised available Cd, Cu,
Ni, and Zn levels up to 98.7, 71.8, 109.9 and 129.4 times higher than control soil, respectively. Due to the high
BCF for studies heavy metals in most treatments, purslane can be used as a monitor plant. Nevertheless, HQ
values for Cd exceeded the safety threshold (HQ > 1), implying health risks upon consumption. These findings
highlight a dual role: wastewater and sludge can enhance soil fertility but simultaneously promote heavy metal
mobilization and accumulation in edible plants.

Conclusion

The combined use of industrial wastewater and sewage sludge in contaminated soil, improves soil nutrient
status but significantly increases the risk of heavy metal accumulation in soil-plant systems. In this study, the
calculation of the BCF was based on the DTPA-extractable heavy metals in the soil. Accordingly, the Portulaca
oleracea L. demonstrated strong phytoremediation capacity, particularly for Cd, Ni and Cu yet its edibility
under contaminated irrigation conditions poses serious food safety concerns. Sustainable management requires
continuous monitoring, controlled application, and risk-mitigation strategies to balance agricultural benefits
with environmental and health safety.
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