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This study was conducted to determine the concentrations of heavy metals in the tailings
dam of an iron ore processing plant located in Central Iran and to evaluate their ecological
and human health risks. A total of nine tailings samples were collected in autumn 2024
and combined into three composite samples for analysis. After acid digestion according
to the USEPA protocol, concentrations of arsenic (As), cadmium (Cd), chromium (Cr),
copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), and zinc (Zn) were determined using
ICP-MS. Several contamination and risk indices, including the Contamination Factor
(CF), Contamination Degree (CD), Geo-accumulation Index (Ige0), Ecological Risk Index
(Eri), Potential Ecological Risk Index (RI), Hazard Index (HI), and Carcinogenic Risk
(CR), were calculated. The mean concentrations (+ SD) of As, Cd, Cr, Cu, Hg, Ni, Pb,
and Zn were (34.14+3.14), (9.75+7.18), (30.17+6.81), (105+25.91), (0.005+0.002),
(234.4+124.9), (38.91+12.46), and (84.38+31.08) mg kg~ 1, respectively. According to
the Iranian Department of Environment standards and the lgeo index, most metals were
within acceptable limits; however, cadmium showed elevated contamination levels and
represented the primary ecological concern. The calculated CD and RI values were 44.1
and 1042.58, respectively, indicating a very high ecological risk category mainly driven
by Cd accumulation. In contrast, the health risk assessment revealed that both HI and CR
values remained within acceptable ranges, suggesting no significant adverse health effects
for workers under current exposure conditions. Nevertheless, due to the limited number
of samples, the findings should be interpreted as representative only of the sampled
locations. Continuous environmental monitoring and appropriate management measures
are therefore recommended to minimize potential long-term ecological impacts.
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Introduction

Mining activities generate large quantities of waste materials and tailings that are commonly stored in
tailings dams. Because these materials may contain considerable concentrations of heavy metals and
potentially toxic elements, they can act as long-term sources of contamination for soils, surface waters,
and groundwater resources. The release of heavy metals through weathering, erosion, and chemical
dissolution may pose risks to ecosystems and human health. Metals such as cadmium, arsenic, lead, and
mercury are of particular concern due to their toxicity, persistence, and bioaccumulation potential.
Although iron ore tailings generally differ from those of many metal mines, they may still contain
significant concentrations of heavy metals. Therefore, assessing contamination levels and associated
ecological and human health risks is essential for sustainable mine waste management. This study aimed
to determine heavy metal concentrations in the tailings dam of an iron ore processing plant and to
evaluate contamination status, ecological risk, and potential health impacts using commonly applied
contamination and risk indices.

Material and Methods

The study was conducted at the tailings dam of an iron ore processing plant located in the Central Plateau
of Iran. Sampling was carried out during autumn 2024. To minimize the influence of atmospheric
deposition and surface contamination, samples were collected from a depth of 20 cm. Nine samples
were collected from different locations within the tailings dam and combined into three composite
samples. After drying, sieving, and acid digestion, concentrations of arsenic (As), cadmium (Cd),
chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), and zinc (Zn) were measured using
Inductively Coupled Plasma—Mass Spectrometry (ICP—MS). Contamination levels were evaluated using
the Contamination Factor (CF), Contamination Degree (CD), and Geo-accumulation Index (lgeo).
Ecological risk was assessed through the Ecological Risk Factor (Eri) and Potential Ecological Risk
Index (RI). Human health risks were evaluated according to the USEPA framework using the Hazard
Index (HI) and Carcinogenic Risk (CR). Background concentrations used in the calculations were
obtained from published scientific sources. Given the limited sample size, the study was descriptive in
nature and no inferential statistical analyses were performed.

Results

The mean concentrations (xSD) of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn were 34.14 + 3.14, 9.75 + 7.18,
30.17 + 6.81, 105 + 25.91, 0.005 + 0.002, 234.4 + 124.9, 38.91 + 12.46, and 84.38 + 31.08 mg kg~ ¢,
respectively. Nickel and copper exhibited the highest concentrations, whereas mercury showed the
lowest concentration. Comparison with reference values indicated that most elements were within
acceptable limits. However, cadmium exceeded its background concentration and represented the
principal contributor to contamination. The CF results classified cadmium as exhibiting very high
contamination, whereas the remaining metals ranged from low to moderate contamination levels. The
calculated CD value was 44.1, indicating a high overall contamination level. Similarly, lIgeo values
suggested that most elements were uncontaminated to slightly contaminated, while cadmium displayed
a notably higher contamination status. Ecological risk assessment revealed that cadmium was the
dominant contributor to ecological risk. The Rl value was calculated at 1042.58, placing the site within
the category of very high ecological risk. Most of this risk was attributable to cadmium, while the
contributions of the other metals were relatively minor. The human health risk assessment produced an
HI value of 0.2228, which is below the threshold value of 1, indicating a low likelihood of significant
non-carcinogenic effects for exposed individuals. The calculated carcinogenic risk (CR) was
approximately 1.8 x 10~ ° , falling within the acceptable range recommended by USEPA. Therefore,
under the exposure scenarios considered, the investigated metals were not expected to pose significant
carcinogenic or non-carcinogenic risks to workers or nearby populations.

Discussion and Conclusion

The findings indicate that, despite generally acceptable concentrations of most investigated metals,
cadmium represents the primary environmental concern within the studied tailings dam. Its elevated CF
and Eri values, together with its dominant contribution to RI, highlight its critical role in determining
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the ecological condition of the site. This result is consistent with the high toxicity and environmental
significance of cadmium reported in previous studies. The study also demonstrated that ecological risk
and human health risk assessments may lead to different conclusions. While cadmium generated a very
high ecological risk, the calculated HI and CR values remained within acceptable limits. This difference
reflects the fact that human health risk assessments depend not only on contaminant concentrations but
also on exposure pathways, duration of exposure, and toxicological parameters. Several limitations
should be considered when interpreting the results. Only nine samples were collected and subsequently
combined into three composite samples, limiting the ability to characterize spatial variability across the
entire tailings dam. Consequently, the findings should be considered representative only of the sampled
locations. In addition, important physicochemical properties, including pH, organic matter content,
texture, and moisture, were not measured and may influence metal mobility and bioavailability. Despite
these limitations, the study provides a useful preliminary assessment of heavy metal contamination in
the investigated tailings dam and offers baseline information for future monitoring and management
programs. Expanded sampling campaigns, measurement of key physicochemical parameters, and
detailed geochemical investigations are recommended to improve understanding of metal distribution
patterns and support more effective environmental risk management.
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for waste materials under different land-use scenarios
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