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Article Info ABSTRACT

In the world, attention to the content of heavy metals in the soil has increased due to their
potential risks to the environment and human health. In recent decades, many studies have
been reported on soil contamination by heavy metals in Iran, but most studies do not show
heavy metal status in soils on a national scale. On the other hand, despite the importance of
background concentration of heavy metals for the assessment of pollution and environmental
Article history: risks of these metals, no study has yet been published for soils of Iran at the national scale. In
this study, an attempt was made to provide a comprehensive understanding of the status of
heavy metals in soils of Iran on a national scale based on quantitative and qualitative analysis
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) and final reports of research projects on field monitoring of heavy metals in soils of Iran that
Accepted: June. 6, 2022 were published until November 2021 were collected. The required information (analysis

Published online: July. 23,2022  results of about 21,400 soil samples) were extracted from the studies and first evaluated in
terms of quality assurance and quality control criteria. Then, studies were classified into
agricultural, urban and industrial based on the type of land use, and after screening and
selecting studies that had the minimums required in terms of quality control, various statistics
such as weighted average, median, background concentration and pollution index for heavy
metals As, Pb, Cd, Cr, Co, Ni, Cu and Zn were calculated and analyzed.

In terms of quality control criteria of analysis in 30% of the studies reported in Iran, the
preparation method of soil samples for digestion of heavy metals was incorrect and in 35% of
the studies, the preparation method was unknown. The order of mixtures of acids used for soil
digestion to extract heavy metals was aqua regia> HNO3;> HCI-HNO3;> HCI- HCIO,-HF-
HNO;> HCIO,-HF- HNO3> other acid mixtures. About 24% of the studies used aqua regia (a
mixture of hydrochloric acid and nitric acid in a ratio of 3 to 1) for soil digestion. 18% of the
studies measured the total concentration and approximately 66% of the studies measured the
pseudo-total concentration of heavy metals. In 16% of the studies, the method of digestion was
also unknown, and consequently it is not possible to conclude whether the total concentration
of heavy metals was measured or pseudo-total. The order of use of spectrometry techniques to
detect the concentration of elements was FAAS> ICP-OES> ICP-MS> GFAAS> other
instruments. Approximately half of the studies used FAAS and more than a quarter of the
studies used the ICP-OES instrument to measure heavy metals. 19 and 45% of the studies used
FAAS to measure the concentrations of As and Cd in soils, respectively, so their results are
not reliable. About 72% of the studies did not use any quality control samples and only 21.1%
of the studies used CRM to check the accuracy of the analysis results. In 80.2% of the studies,
the number of replicates of the analysis or the standard deviation for the results was not
reported. In 82.6% of the studies, the detection limit or quantitation limit was not reported for
the method or instrument used. In general, quality control of heavy metal analysis in studies
on soils of Iran is not satisfactory and it is necessary for authors, reviewers and editors of
scientific journals to pay attention to the recommendations provided here for quality control
criteria of analysis and to consider the checklist that has been prepared in this study for the
quality control criteria of analysis in the process of publishing studies on heavy metals in soils.
The results of the studies showed that in all three agricultural, urban and industrial land uses,
the highest number of soil samples and studies were reported to determine the concentration
of Pb and Zn while the lowest number of them were reported to measure the concentration of
Co and As. In agricultural soils of Iran, the weighted average of heavy metal concentrations
were As 10.8 (range 0-1900), Cd 0.37 (range 0-365), Co 19.9 (range 2.4-519), Cr 88.6 (range
0.04-2040), Cu 28/1 (range 0-352.5), Ni 67/7 (range 0-2125), Pb 32/3 (range 0-9500) and Zn
84/5 (range 0.2-54500) mg/kg. In urban soils of Iran, the weighted average of heavy metal
concentrations were As 10.8 (range 0.36-178.9), Cd 6.6 (range 0-107.4), Cr 90.8 (range 3.8-
311), Cu 73.4 (range 2.1-1060), Ni 49.4 (range 0.96-218.1), Pb 85.9 (range 0.6-1930) and Zn
116.2 (range 2.3-6555) mg/kg. In industrial soils of Iran, the weighted average of heavy metal
concentrations were As 126.3 (range 0.32-6525), Cd 3.1 (range 0-332.7), Co 16.7 (range O-
137), Cr 74.3 (range 1-2073), Cu 54.8 (range 0.01-6572), Ni 349.8 (range 0-24070), Pb 134
(range 0-13075) and Zn 174.7 (range 3-30167) mg/kg. Background concentrations of heavy
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metals in soils of Iran based on the statistical method of Median = 2MAD achieved 21.9 for
As, 0.44 for Cd, 26.1 for Co, 139.5 for Cr, 43.8 for Cu, 116.9 for Ni, 46.6 for Pb and 130.9
mg/kg for Zn. Evaluation of heavy metal contamination in soils of Iran showed that the
pollution index (ratio of element concentration to standard concentration) for all heavy metals
studied in agricultural and urban (except Pb) soils was less than one, showing that the soils of
these two land uses are not contaminated with these heavy metals. The pollution index for As
and Ni in industrial soils was greater than five and indicates the severe contamination of the
soils with these two heavy metals in terms of environmental protection. In industrial soils,
there is also a slight contamination of Cr in terms of environmental protection.

Cite this article: Shahbazi, K., Fathi-Gerdelidani, A., & Marzi, M. (2022) Investigation of the status of heavy metals in soils of Iran:
A comprehensive and critical review of reported studies. Iranian Journal of Soil and Water Research, 53 (5), 1163-
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4 Inductively coupled plasma mass spectrometry

5 Inductively coupled plasma atomic emission spectroscopy
6 Atomic absorption spectroscopy
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1 United States Environmental Protection Agency
2 Environmentally Available
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TiSe Sb Pb NiNa Mo Mn Mg K Hg Fe LCu LCr.Co .Cd.CaBe BaAs Al Ag des j| paic Y& 4l p
(USEPA, 1995) 545 o 4uogs ZN 5V
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9 &yl (S0 Jloin] wuam a5l3 Job )3 miamw (990 b 0gMa (Siaka et al., 1998) cowl saiSains g pScdy LS o,
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SK 5l cpSow O3 z1 50wl 5152 ISO g USEPA suaw! puid s 19, (Jboal duslio .Y Jous

s b5 It o €99 RI > 292 S S 53 R (g
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S5 Ay 2995w HNO, USEPA 3051

S5 Ay 2995w HNO5-HC1 USEPA 3051A
5 L 299,50 HNO,-HC1-HF USEPA 3052

JSas i ONICAN HNO3-HC1 ISO 11466: 1995
5 it ol Slo HNO,-HF- HCIO, ISO 14869-1: 2001

S5 Ay 2995w HNO5-HC1 1SO 12914: 2012

S5 Ay 52995 HNO, ISO 16729: 2013
5 Lo 5995 HNO;-HF- HCIO, ISO 14869-3: 2017
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.(and Prasad, 2021
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.al., 2017; Diarra and Prasad, 2021
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Wright and Stuczynski, 1996b; Skoog et al., 2017; Diarra and Prasad, ) ssa ,$3 YU ;5 byl jiis 45 395 0 d9dxe
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Wright and Stuczynski, 1996b; Skoog et al., 2017; Diarra ) cuwl Hg (gly ks (hgy cpl ol ool b sl jim y &350

1 Graphite furnace atomic absorption spectroscopy
2 Hydride generation atomic absorption spectroscopy
3 Cold vapor atomic fluorescence spectrometry
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1 Inductively coupled plasma atomic emission spectroscopy
2 Inductively coupled plasma optical emission spectrometry
3 Electrothermal vaporization

4 Laser ablation

5 Inductively coupled plasma mass spectroscopy
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1 Neutron activation analysis
2 Quality assurance

3 Quality control

4 Bias error

5 Accuracy

6 Linearity
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