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EXTENDED ABSTRACT

Introduction

Isfahan Province, as one of the arid and semi-arid regions of Iran, is facing a reduction in water resources,
and water scarcity has been increasing in this province. This issue has led to the use of unconventional water
resources, particularly municipal wastewater effluent, for agricultural irrigation purposes. Improper
management in the use of wastewater effluents, in addition to causing health problems and risks for humans
and animals, also results in various forms of soil and water resource contamination. Studies have shown that
irrigation water containing heavy metals and soil salinity are among the important environmental factors that
have significant effects on barley yield, growth, and salt uptake. Irrigation with wastewater (treated or
untreated) may lead to the accumulation of heavy metals in the soil as well as in different parts of barley,
including grains, shoots, and roots. Such accumulation may affect barley growth and development and may
pose health risks to consumers. The accumulation of toxic heavy metals in barley depends on various factors,
including barley species, the type of heavy metals, and other related factors.

Materials and Methods

Considering the importance of the potential risk of toxic heavy metals and microbial contamination
entering the human food chain, the present study was conducted to investigate the effects of microbial
contamination and heavy metals resulting from wastewater effluent irrigation on soil and seed barley plants
compared with well-water irrigation in Isfahan. For this purpose, following soil and plant sampling, chemical
analyses including salinity, pH, organic carbon, concentrations of available nutrients such as nitrogen,
potassium, and phosphorus, total concentrations of manganese, iron, zinc, copper, cadmium, lead, nickel,
chromium, and cobalt, as well as several microbial analyses including total coliforms, fecal coliforms,
Salmonella, Escherichia coli (E. coli), and helminth eggs were performed on the collected samples.

Results and Discussion

The results of this study showed that the wastewater effluent contained approximately 6-8 times higher
concentrations of total nitrogen and phosphorus, while chloride, sulfate, calcium—magnesium, sodium, and
potassium levels were approximately 5%, 12%, 30%, and 15% lower than, or similar to, those in well water,
respectively. Furthermore, the concentrations of cadmium (Cd), cobalt (Co), chromium (Cr), arsenic (As),
nickel (Ni), lead (Pb), copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn), as well as the biochemical
oxygen demand (BOD) and chemical oxygen demand (COD) parameters in the wastewater effluent, were
below the permissible limits of national and international standards. Regarding microbial contamination, total
coliforms, fecal coliforms, and Escherichia coli concentrations exceeded the permissible limits established by
the Iranian Department of Environment standards.

The results related to soil and plant samples also indicated that cadmium, nickel, chromium, cobalt, and
arsenic concentrations in soil and plants did not differ significantly compared with well-water irrigation. In
contrast, lead concentrations in soil showed no significant differences, whereas a significant increase was
observed in plant tissues. Based on the enrichment factor results, this parameter for lead and cadmium in plant
tissues exceeded 2, indicating that soils irrigated with wastewater exhibited moderate enrichment with respect
to lead and cadmium, whereas weak enrichment was observed for the other heavy metals in terms of transfer
to roots and aerial plant parts. The bioconcentration factor for lead, cadmium, nickel, chromium, cobalt, and
arsenic in aerial plant parts was lower than 1. The translocation factor for lead was greater than 1, whereas the
translocation factor for the other heavy metals under both wastewater and well-water irrigation conditions
remained below 1. Regarding microbial contamination, no significant differences in total coliforms and fecal
coliforms were observed in soil and plant samples between wastewater and well-water treatments. Twenty-
one days after the final irrigation event, the differences in total and fecal coliform counts in soil were 0 and 2.5
(MPN/qg), respectively, while in aerial plant tissues the differences in total coliforms and fecal coliforms were
1.3 and 0.4 (MPN/g), respectively. These findings indicate the reduction of microbial contamination to levels
comparable with those observed in lands irrigated with well water after twenty-one days.

Conclusion

To reduce the effects of wastewater effluent on soil and plants, it is recommended that at least twenty-
one days should elapse after the final irrigation event, and that seed harvesting should be carried out thirty days
after the last irrigation according to Standard No. 21786. Furthermore, based on the same standard, the entry
of animals into the field should be prevented for up to twenty-four hours after the final irrigation event.
Therefore, under the current conditions of water scarcity in Isfahan, wastewater effluent with relatively low
salinity and the presence of certain nutrient elements may be used for seed barley production, provided that

the aforementioned environmental and public health considerations are properly observed.
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