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Article Info ABSTRACT

For this study, all research published up to the end of 2024 regarding the monitoring of heavy
metal concentrations in Iranian agricultural products was collected, evaluated in terms of
methodology and quality control, and compared against the benchmarks of a standard study.
Subsequently, the assessment of heavy metal concentrations in Iranian agricultural products
was carried out using data only from reports that met the minimum standards of a valid study.
The methodological evaluation revealed that only 70.4% of the studies had applied proper
sampling and sample preparation methods, and just 28.6% had used validated measurement
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techniques. Furthermore, quality assurance and control indicators were considered in only
24.1% of the studies. The concentration analysis showed that the weighted mean concentration
of cadmium (mg/kg fresh weight) was as follows: rice 0.0376, wheat 0.0111, barley 0.0097,
maize 0.0129, bean 0.0256, chickpea <LOQ, potato 0.0075, onion 0.0046, cucumber 0.0045,
tomato 0.0038, pepper 0.0028, lettuce 0.0044, spinach 0.0150, fresh herbs 0.0400, apple
0.0076, and orange 0.0038. For lead, the respective concentrations were 0.0726, 0.0350,
0.0124, 0.0543, 0.0150, 0.0320, 0.0280, 0.0211, 0.0075, 0.0133, 0.0064, 0.0259, 0.0326,
0.0660, 0.0250, and 0.0193 mg/kg. The mean arsenic concentration in rice grain was 0.0831
mg/kg (range: ND-0.8720). The findings of this study indicated that the mean concentrations
of cadmium, lead, and arsenic in the assessed products were lower than the maximum
permissible limits recommended by the Iranian National Standard and other international
standards. Therefore, there is no major concern regarding excessive levels of these elements
in edible agricultural products on a broader national scale.
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EXTENDED ABSTRACT

Objectives

Given the growing concerns regarding the contamination of agricultural products with heavy metals and
their potential impacts on human health, this study was conducted with the aim of providing a comprehensive
and systematic assessment of the concentrations of three heavy metals—cadmium (Cd), lead (Pb), and arsenic
(As)—in edible agricultural products produced in Iran. A key component of this research also involved a
gualitative evaluation of the methodologies used in previous studies, including sampling procedures, sample
preparation, digestion, measurement techniques, and quality control, in comparison with standard
methodological requirements. Additionally, the study sought to present an integrated overview of the sources
of heavy metals, their uptake, translocation, accumulation, and effects on plants, along with standard analytical
methods and data validation procedures.

Methodology

In this review study, all scientific sources—including Persian and English articles, theses, and research
project reports—related to the monitoring of heavy metals in Iranian agricultural products published up to the
end of 2024 were collected and analyzed. After initial screening, 199 relevant sources were selected and
evaluated against the criteria of a standard study. The qualitative assessment revealed that only 70.4% of the
studies employed appropriate sampling and sample preparation methods, and only 28.6% used standard-
compliant measurement technigques. Moreover, indicators of quality control and assurance were considered in
just 24.1% of the studies. In total, 134 studies (equivalent to 67.3%) met the methodological requirements and
were included in the final analysis of heavy metal concentrations.

Results

Based on the analysis of validated data, the weighted mean concentration of Cd in various agricultural
products was as follows (mg/kg fresh weight): rice 0.0376, wheat 0.0111, barley 0.0097, maize 0.0129, bean
0.0256, chickpea <LOQ, potato 0.0075, onion 0.0046, cucumber 0.0045, tomato 0.0038, pepper 0.0028, radish
0.0467, sugar beet 0.0116, lettuce 0.0044, spinach 0.0150, fresh herbs 0.0400, apple 0.0076, orange 0.0038,
and pistachio 0.0131. The corresponding concentrations for Pb were 0.0726, 0.0350, 0.0124, 0.0543, 0.0150,
0.0320, 0.0280, 0.0211, 0.0075, 0.0133, 0.0064, 0.0909, 0.0927, 0.0259, 0.0326, 0.0660, 0.0250, 0.0193, and
0.0523 mg/kg, respectively. The mean As concentrations in rice, chickpea, and pepper were 0.0831, 0.0101,
and 0.0085 mg/kg, respectively.

Conclusion

The findings of this study indicate that the mean concentrations of Cd, Pb, and As in edible agricultural
products produced in Iran are below the maximum permissible limits set by the Iranian National Standard as
well as international guidelines such as Codex and the European Union. Therefore, from a public health
perspective, there is no significant concern regarding excessive levels of these elements in agricultural products
on a national scale. However, the insufficient adherence to methodological principles and quality control
procedures in a substantial portion of the reviewed studies may lead to high levels of uncertainty in the reported
data, thus hindering scientific interpretation and evidence-based policymaking. Accordingly, the design and
implementation of monitoring programs based on standardized protocols and rigorous quality assurance are
essential for the reliable assessment of agricultural product safety in the country.
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1. Lemna minor L.

2. Microtubule

3. Alocasia macrorrhiza L.
4. Water channel proteins
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