
1. Introduction 
The management and protection of natural resources 
such as air, water, and soil are vital in both developing and 
developed countries (1–3). Soil is undoubtedly one of the 
most valuable natural resources and a vital component 
in the environment upon which over 95% of the human 
food chain depends (4,5). In addition to ensuring food 
security, the purifying properties of the soil make it an 
essential compound (6,7). Therefore, any kind of soil 

contamination directly or indirectly affects both human 
health and the environment (8,9). In recent years, various 
environmental problems, including the generation of large 
amounts of waste, have emerged as a result of population 
growth, urbanization, changes in consumption patterns, 
and the development of industries, mining, and agriculture 
(10,11). Approximately 2.01 billion tons of municipal 
solid waste are annually generated worldwide (12), with an 
average production rate of 0.74 kg per day per capita (13). 
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Abstract
Heavy metals from hazardous waste, such as batteries, electronics, cleaning products, and 
cosmetics, can be transported to soil through landfill leachates. Due to their persistent structure, 
toxic metals such as chromium (Cr), cobalt (Co), lead (Pb), and cadmium (Cd) accumulate in 
the soil and can cause various ecological and health risks. Hence, this study aimed to assess the 
extent of heavy metal pollution in the soil of landfill sites in Iran. The present study reviewed 
previous research on the assessment of heavy metal contamination such as Pb, arsenic (As), 
Cr, Cd, zinc (Zn), Co, and nickel (Ni) in soils of landfill sites. For this purpose, “Magiran”, 
“SID”, «IranMedex», “Scopus», “PubMed”, “ScienceDirect” and “Web of Science” databases 
were searched for related articles published until 2024. Persian and English keywords including 
heavy metals, waste disposal sites, soil, and Iran were used for search. Eventually, out of 206 
articles, 21 studies met our inclusion criteria and were included in the study. The concentrations 
of heavy metals, including Pb, As, Cr, Cd, Zn, Co, and Ni, were found to be higher than national 
and international standards in some soil samples. Therefore, landfill sites, as an anthropogenic 
resource, have the potential to transmit pollution to the soil. Contamination levels depend 
on waste composition, hazardous content, leachate production and migration, landfill age 
and design, soil characteristics, and operating conditions. Health and ecological risks can be 
mitigated by reducing hazardous waste, recycling heavy metal-containing wastes, installing anti-
seepage systems, and maintaining continuous monitoring.
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This amount of waste generation is predicted to reach 3.4 
billion tons by 2050 (14). In Iran, the estimated average 
waste generation is 800 g per capita per day, resulting 
in the daily production of approximately 64 000 tons of 
waste. This equates to roughly 292 kg of waste per capita 
per year (15), more than the waste produced by other 
developed countries (16,17). Solid waste management is 
considered one of the biggest urban challenges, especially 
in developing countries (18,19). This is due to the high 
volume of waste generated and significant costs associated 
with its collection, transportation, and disposal. There 
are several ways to manage municipal solid waste, 
including waste reduction, recycling and reuse, energy 
and material recovery, incineration, and landfilling 
(20,21). These methods can be prioritized based on their 
environmental impact and effectiveness. In developed 
countries, municipal solid waste management includes 
waste reduction, segregation at the source, and recycling 
(22,23). However, in developing countries like Iran, 
landfilling is a common waste disposal way (24) that can 
cause the production of unpleasant odors, toxic gaseous 
pollutants, soil contamination, water pollution, and 
environmental pollution (25,26). Improper management 
practices of landfill sites made them significant sources 
of soil contamination (27,28). This adverse effect is 
attributed to several factors, including leachate runoff, 
the movement of particulate matter, contamination from 
non-sanitary waste transportation and disposal, as well 
as the co-disposal of hazardous household waste with 
municipal waste. Among soil pollutants, heavy metals are 
of utmost importance due to their stable structure, non-
degradability, and high accumulation potential (8,27). 
Heavy metals are elements having atomic weights ranging 
between 63.5 and 200.6 g/mol and densities greater than 
5 g/cm3 (29–31). Certain metals such as cobalt (Co), 
copper (Cu), chromium (Cr), iron (Fe), manganese 
(Mn), molybdenum (Mo), nickel (Ni), selenium (Se), 
and zinc (Zn) are essential for normal bodily function 
(32,33). Excessive intake of these elements can cause 
serious health problems like carcinogenicity, mutagenic 
effects, and so forth (34,35). In addition, some heavy 
metals such as mercury (Hg), lead (Pb), and cadmium 
(Cd) are highly toxic even at low concentrations (36,37). 
Their gradual accumulation in the body can cause severe 
long-term effects, including toxicity, carcinogenicity, and 
mutagenicity in both humans and other living organisms 
(38,39).

Numerous studies have been conducted to investigate 
and measure the concentrations of heavy metals in landfill 
soils. For instance, Shakeri and Yousefi examined soil 
contamination in the vicinity of Kermanshah municipal 
landfill and found that the average concentration of heavy 
metals in soil samples was higher than that in background 
soil, indicating the impact of leachate infiltration into 
the surrounding soil (40). In another study, Karimian et 
al assessed the ecological risk of heavy metals in landfill 
soils in Tehran. Results revealed that concentrations of all 

studied metals were above background levels (26).
Considering the diversity of landfill wastes, poor waste 

segregation, failure to observe sanitary protocols in waste 
disposal, and lack of leachate management procedures at 
most landfills, coupled with the importance of the issue, and 
the dearth of comprehensive studies in this area, we decided 
to undertake a systematic review of the studies conducted 
in Iran. Our goal was to comprehensively assess the levels 
of these contaminants and to identify factors affecting 
the leakage and dissemination of contaminants. Finally, 
the main purpose of this study was to assess heavy metal 
pollution in the soil of landfill sites in Iran and emphasize 
the need for continuous monitoring and management to 
reduce environmental and public health risks.

2. Materials and Methods
2.1. Search Strategies
In this systematic review, the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
checklist was used to document and report the search 
and screening process of studies (Figure 1) (41). 
Different national and international databases, including 
“Magiran”, “SID”, «IranMedex»,”Scopus», “PubMed”, 
“ScienceDirect” and “Web of Science”, were searched for 
studies.

English and Persian keywords such as “Heavy Metal”, 
“Heavy Metals”, “Soil”, “Soils”, “Peat”, “Humus”, 
“Landfill”, “Waste Dump”, “Waste Disposal”, “Landfills”, 
and “Iran” were used to find studies relevant to the 
topic. These terms were searched in different databases 
until 11 January 2024 without applying any time limit. 
MESH terms and similar review articles were utilized to 
determine the keywords. The search results are indicated 
in Figure 1.

2.2. Criteria for Eligibility and Selection of Studies
The articles retrieved from various databases were 
imported into EndNote version 20. The search results 
were then meticulously screened by one researcher (S.S.), 
and the titles and abstracts of the papers were reviewed 
separately by two researchers (S.S. and S.E.). Any 
discrepancies between the two researchers were resolved 
by a third researcher (F.F.). After eliminating duplicate 
articles in the EndNote software, the titles and abstracts 
of all the articles were evaluated. Finally, the full texts of 
relevant papers were reviewed, and only those meeting the 
inclusion criteria were selected for further analysis. The 
research team used the following inclusion criteria: (a) 
studies relevant to the study title, (b) original papers with 
full text available, and (c) studies performed at landfill sites 
in Iran. The unrelated studies, results published as books, 
conference papers, review articles, and dissertations, 
studies conducted in other countries, investigations 
conducted on other soil environments, and studies for 
which full texts were not available were excluded from the 
study. Table 1 also displays the inclusion and exclusion 
criteria for the review.
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2.3. Data Extraction
After selecting articles based on pre-defined inclusion 
and exclusion criteria, data were extracted from selected 
sources. The characteristics of articles included in 
the review, including article code, heavy metal type, 
maximum, minimum, and mean concentration of heavy 
metals, number of samples, sampling depth, measurement 
method, and city of the study, are summarized in Table 2. 
To reach a more robust conclusion, similar metals should 

be included in the study. However, due to the limited 
number of metals as well as the dissimilarity between 
them in different research works, all examined metals 
were incorporated in this study.

3. Results and Discussion
3.1. Descriptive Statistics 
This study aimed to explore all previous studies conducted 
on heavy metal contamination in landfill soil. Landfill soil 

Figure 1. The PRISMA Flow Diagram for Identification, Screening, Eligibility, and Inclusion of Relevant Articles

Table 1. Inclusion and Exclusion Criteria for Screening Articles

Inclusion Criteria Exclusion Criteria

Studies relevant to the study title Unrelated studies

Original papers with full text available Books, conference papers, review articles, and dissertations

Studies performed at landfill sites in Iran Studies conducted in other countries

Investigations conducted on other soil environments

Studies for which full texts were not available
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Records excluded after duplicates 
removed and screened 

(n=104)

- Duplicates Records (n=99)
- Books (n=0)
- Conference (n=3)
- Review (n=2)
-

Records after duplicates removed and screened 
by title and abstract 

(n=104)

Records eligible for full-text review 
(n=75)

Full-text articles for eligibility
(n=64)

Articles which reported extractable data for analysis 
(n=21)

Records identified through database searching 
(n=206)

Science Direct (n=4)
Web of Science (n=41)
Scopus (n=40) 
Magiran (n=44)
SID (n=66)
PubMed (n=8)
IranMedex (n=3)

Full-text articles assessed for eligibility
(n=11)
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Table 2. General Characteristics of Articles Included in the Final Review

No.
Heavy 
Metals

Concentration (mg/kg soil) Number of 
Samples

Sampling 
Depth (cm)

Measurement 
Method

City Reference
Max Min Mean Background

1

Fe 46363.75 30542.5 38276.2 24492

24 0-20 ICP-OES Tehran (26)

Al 72933.3 58176.3 66178 65000

Mn 1253 798.5 1005.4 792.9

Zn 275.6 59.1 133.9 31.56

Co 18 10.75 14.49 8.01

Pb 111.5 18.5 42.5 10.17

Ni 42.9 21.4 30.3 11.28

Cu 179.4 41.9 38.9 13.62

Cd 0.86 0.24 0.36 0.34

Cr 127.5 62.1 82.7 23.36

As 10.9 3.98 6.83 6.1

2

Fe *− - 15200 40000

6 0-20
Atomic 
absorption

GhaemShahar (42)

As - - 41.34 20

Pb - - 24.10 50

Cu - - 56.17 50

Zn - - 328.80 88

Cd - - 0.06 1

3

As - - 11.6 -

16 20 * Yazd (43)

Cr - - 72 -

Ni - - 46 -

Co - - 16 -

Cu - - 39.5 -

Pb - - 33 -

Mo - - 1.9 -

Cd - - 0.31 -

4

Fe 101000 4490 25088 -

40 0-30 ICP Babol (44)

Hg 0.12 0.03 0.03 -

Ag 0.59 0.02 0.11 -

As 29.8 2.6 8.20 -

Cr 472 20 78.50 -

Mn 2120 122 5.30 -

Co 31.4 3.2 11.70 -

Cu 32.3 4 16.40 -

Mo 2.2 0.4 0.84 -

Ni 61 13 30.60 -

Zn 144 13.10 54.60 -

Pb 35.40 3.80 12.10 -

5

Cu 46 18 28.72 -

11 10-20
Atomic 
absorption

Ardabil (27)

Co 16 2 7.27 -

Ni 24 10 14.81 -

Cd 6 1 3 -

Zn 4800 1260 2393.36 -

Pb 82 32 52.54 -

6

Pb 60 20 38.33 20

29 10-30 ICP-MS Tonekabon (8)

Cd 40 22 30.66 0.38

As 35 10 23.33 13

Cr 31 10 24.41 90

Zn 66 42 54.83 95

Mo 50 10 23.33 2.6
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Table 2. Continued.

No.
Heavy 
Metals

Concentration (mg/kg soil) Number of 
Samples

Sampling 
Depth (cm)

Measurement 
Method

City Reference
Max Min Mean Background

7

Co 16 10 14.67 17.3

12 0-15 ICP-OES Behshahr (10)

Cu 43 27 32.41 28

Zn 99 77 88 67

As 12.6 6.7 9.46 4.8

Mo 3.89 0.65 0.74 1.1

Cr 80 61 72.41 92

Ni 48 35 43 47

Cd 0.28 0.23 0.25 0.09

8

Cr 195.100 122.750 152.48 -

20 0-60
Atomic 
absorption

Zahedan (45)
Cd 0.478 0.010 0.213 0.23

Pb 141.350 6.650 54.50 34.1

As 0.659 0.243 0.34 -

9

Cu 2.375 5.85 11.49 -

15 500 GC-MS Hamedan (46)
Pb 32.8 14.975 22.54 -

Cd 5.75 2.25 3.75 -

Ni 46.85 15.65 27.53 -

10

As 13.48 3.11 7.29 80000

30 0-20
ICP-OES, 
ICP-MS

Kermanshah (40)

Cd 6.66 0.13 1.27 13

Cr 417.00 57.00 115.77 80000

Cu 255.80 13.70 57.43 13

Ni 681.40 49.80 131.48 68

Zn 6710.20 48.50 553.92 95

Pb 2783.10 5.00 186.43 20

11

Zn 2375 55 404.32 -

12 5
Flame atomic 
absorption 
spectroscopy

Shahrekord (47)Cu 304.5 108.30 156.38 -

Cr 77.5 30 48.95 -

12

Cd 6.5 0.29 3.98 -

30 10-25
Atomic 
absorption 
spectroscopy

Khash (48)Pb 162.12 11.38 114.21 -

Zn 3113.75 140.75 1885.32 -

13

Pb 45 22 32

31 1300-2250
Atomic 
absorption 
spectroscopy

Arak (25)

Cr 48 27 39

Ni 84 41 64

Cu 41 14 25

Zn 130 49 73

As 49 0.08 15

Hg 28 1.65 6.90

14

Cr - - 19.07 -

33 0-15 ICP-MS Rasht (49)

Cu - - 20.22 -

Zn - - 28.83 -

As - - 10.48 -

Cd - - 0.16 -

Hg - - 0.13 -

Pb - - 24.95 -
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sampling was carried out at a depth between 0 and 30 
cm. The highest and lowest number of samples examined 
belonged to Babol and Qaem-Shahr, with 40 and 6 
samples, respectively. Table 2 presents the assessment of 
heavy metal levels in the soil surrounding the landfills.

3.2. Heavy Metals in the Soil of Landfill Sites 
Heavy metals are naturally occurring elements found in the 
Earth’s crust typically at low concentrations. These metals, 
through multiple mechanisms, cause imbalance in living 
organisms, especially humans, and cause a wide range of 
complications and disorders. Additionally, they can be 

carcinogenic, affect the central and peripheral nervous 
system, skin, hematopoietic system, and cardiovascular 
system, cause damage to kidneys, and accumulate in 
tissues (57). The observation shows that the concentration 
of some metals such as Pb and Cd in the soils of the burial 
sites of the studied cases was significantly higher than the 
global soil averages and the earth’s crust levels. As a result, 
the situation of these elements is dangerous and worrying. 
These results are consistent with the results of the study 
conducted by Alipour et al in 2023 on the Taybad landfill 
(52).

Nevertheless, human activities like the use of agricultural 

Table 2. Continued.

No.
Heavy 
Metals

Concentration (mg/kg soil) Number of 
Samples

Sampling 
Depth (cm)

Measurement 
Method

City Reference
Max Min Mean Background

15
Cd 0.80 0.10 0.37 0.10

32 0-20
Atomic 
absorption 
spectroscopy

Gorgan (50)
Pb 86.00 7.00 17.31 9.00

16

As - - 6.01 -

18 10 -30 ICP-OES Sabzevar (51)

Fe - - 20854.49 -

Zn - - 41.04 -

Pb - - 6.31 -

Cr - - 26.77 -

Cu - - 31.45 -

Hg - - 0.06 -

Cd - - 0.06 -

17
Cd - - 1.748 -

15 0-30
Atomic 
absorption 
(Contraa700)

Taybad (52)
Pb - - 52.04 -

18

Cd - - 4.08 -

2 -
Atomic 
absorption 
(Contraa700)

Qayen (53)

Ni - - 50.36 -

Pb - - 59.55 -

Cu - - 45.57 -

Zn - - 101.66 -

Cr - - 107.05 -

19

As 49.92 24.30 30.98 -

29 0-20 ICP-OES Kazerun (54)

Cd 2.11 0.75 1.5 -

Cu 70.50 41.65 61.69 -

Cr 137.50 99.10 125.41 -

Ni 74.9 56.88 69.97 -

Zn 136.14 101.86 125.99 -

20

Pb 1.09 0.71 0.94 20

3 10-50
Atomic 
absorption 
spectrometer

Tehran (55)

Cd 0.07 0.06 0.066 0.3

Mn 34.14 33.65 39.90 850

Ni 2.83 1.58 2 68

Cu 1.15 0.86 0.99 45

Fe 14.94 1.09 10.31 47200

21

Cd 3.81 0.31 1.47 -

8 0-10
Atomic 
absorption 
spectrometer

Ilam (56)

Pb 3257.30 4.90 442.38 -

Ni 132.21 0.63 95.3012 -

Cr 20.89 0.07 12.4412 -

Co 11.49 2.70 9.18375 -

* No data.
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fertilizers, irrigation with wastewater, and metal mining 
have considerably increased the introduction of these 
metals into the environment (58,59). The pollution of 
landfill sites with heavy metals results from the rise in 
the production of household hazardous waste along 
with municipal solid waste (60). On the other hand, 
groundwater pollution from landfill leachate depends on 
different parameters such as the hydraulic conductivity of 
the bottom layers of the landfill site, soil depth, soil texture, 
hydraulic gradient of the aquifer, depth of groundwater, 
and the type of landfill. For example, the faults and joints 
in the bedrock serve as a passage for leachate penetration 
and groundwater pollution in the region (61). 

The high concentration of heavy metals in landfill soils 
depends on the type of waste entering the landfill and 
the resulting leachate can be different. The lack of waste 
separation and recycling can lead to a significant amount 
of heavy metals entering landfills, which in turn increases 
their concentration in the soil and groundwater, thereby 
endangering human health (62).

Monavari investigated soil pollution in Isfahan urban 
waste landfill and reported that the concentrations of 
As, Co, Cr, Cu, Mn, Ni, Pb, and Zn were higher than the 
standard limits in most of the soil samples. The source 
of soil contamination in landfill areas is primarily waste 
leachate (63). Bahrami and Raese investigated the effect of 
the waste landfill in Darab city on groundwater pollution 
and found that the concentration of heavy metals such as 
antimony and Se exceeded the limits set by the American 
Environmental Protection Organisation and the WHO 
for these elements (64).  According to the changes in 
the concentration of antimony and Se, the origin of 
these elements was not the leachate of the burial place, 
but rather the ground (53). The mean concentration of 
heavy metals presented in Table 2 indicates a wide range 
of element concentrations at the study sites. It is worth 
noting that the number of conducted studies was limited 
since no study was conducted on this topic in most 
provinces. Moreover, the techniques for the detection 
and measurement of heavy metals present in soil were 
not the same among the articles. Various techniques such 
as atomic absorption spectrometry (AAS), inductively 
coupled plasma optical emission spectrometry (ICP-
OES), inductively coupled plasma mass spectrometry 
(ICP-MS), and gas chromatography-mass spectrometry 
(GC-MS) were used for the measurement of heavy metals 
in soil.

According to the conducted studies, Al was investigated 
in only one study, but its concentration was found 
to be higher compared to other metals. Then, Fe had 
the highest average concentration (34854.6725 mg/
kg soil), while Ni had the lowest average concentration 
(0.1150 mg/kg soil) among the metals. The ascending 
order of metal concentrations was as follows: 
Ag < Hg < Cd < Mo < As < Co < Cu < Ni < Pb < Cr < Zn 
< Mn < Fe < Al.

Based on the conducted investigations (Table 2), it was 

observed that the mean concentrations of Cd and Zn 
exceeded the FAO-WHO standard limits. Cr and Zn also 
surpassed the national maximum permissible limits, while 
the mean concentration of other metals was relatively low. 
The mean concentration of Cd in the city of Tonkabon 
significantly exceeded both national and international 
standards. Additionally, the mean level of this metal in 
Khash (3.98 mg/kg) was reported to be above the national 
and FAO-WHO limits. On the other hand, the mean 
concentration of Pb in Ilam city (442.38 mg/kg) was 
reported to exceed all global standards. Even in Tehran, 
the mean concentration of Pb is approaching the national 
limit of 50 mg/kg. Furthermore, the mean concentration 
of Zn in Kermanshah (553.92 mg/kg) and GhaemShahar 
(328.80 mg/kg) was reported to exceed both the FAO-
WHO (300 mg/kg) and national (200 mg/kg) standards, 
indicating a high level of contamination. The average 
Cr concentration in Kermanshah (115.77 mg/kg) was 
reported to be slightly above the FAO-WHO limit (100 
mg/kg) and close to the national threshold (110 mg/kg). 
Additionally, compared to other standards, it can be said 
that the concentration of this heavy metal is within the 
permissible limits of the English and Chinese standards, 
but it is higher than the German acceptable levels. 
Table 2 also indicates that the mean concentration of As 
in Tonekabon (23.33 mg/kg) and GhaemShahr (41.34 
mg/kg) exceed the FAO-WHO and Iranian standards, 
posing potential health risks, though they remain within 
German guidelines. As shown in Table 2, among the 
regions measured, the highest average concentration of 
iron was recorded in Tehran, with a level of 38276.2 mg/
kg. Notably, the cities of Qaem-Shahr, Tonekabon, and 
Arak had greater average As concentrations than other 
locations, with reported values of 41.34, 23.33, and 15 mg/
kg, respectively. The results of our study were consistent 
with the results of the study conducted by Ye et al (65). 

Due to differences in sample size, sampling time, 
and detection methods, as well as the variety of heavy 
metals measured across different provinces, results were 
heterogeneous; thus, their analysis was a challenging task. 
According to the results of Table 2, it can be said that the 
heavy metal concentrations in several regions of Iran, 
especially for Cd, Pb, Zn, and As, exceed both national 
and international standards. Given the carcinogenic 
health risks of these heavy metals, appropriate remedial 
and management measures must be considered, 
particularly in polluted locations such as Tankabon, Ilam, 
and Kermanshah. Karimian et al evaluated the ecological 
risk of heavy metals in the landfill soil of Tehran. The 
investigation found that all metals were present at 
concentrations higher than the background values. 
Furthermore, statistical analysis revealed a significant 
difference in metal concentrations across sampling sites 
and seasons, particularly during wet seasons (66). In 
another study, Wang et al conducted an environmental 
risk assessment of heavy metals in the soil at municipal 
solid waste landfill sites. The findings indicated that Cr 
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and Zn were the primary heavy metal contaminants in 
municipal solid waste landfill soils (67). The findings of 
the study indicated that Cr and Zn were the main heavy 
metal contaminations in MSW landfill soils. In addition, 
HM contamination was more obvious in non-sanitary 
landfills. Mer et al discovered that the high concentrations 
of heavy metals in the soil of landfill sites, including Cu, Pb, 
Cd, and Cr, were linked to landfill leachate (68). However, 
one should keep in mind that the high concentration of 
some metals in the soil can have a geological origin. For 
example, Bahrami and Raese investigated the effect of 
landfills on groundwater pollution and found that the 
high concentration of some metals such as antimony and 
Se had a geological origin (64).

Cd, Zn, Fe, and Mn concentrations were found to be 
high, while the concentrations of other heavy metals 
were moderate to low. Contamination of landfill soils 
with heavy metals, especially Cd, Zn, Fe, and Mn, is a 
serious issue and requires special management measures 
(69,70). The different results obtained in the present 
studies may be related to the differences in the sampling 
method, sampling depth, or the frequency of sampling 
at different time intervals (71,72). Heterogeneity among 
studies for selected samples, analytical techniques, 
sample processing, and presentation of results can be 
problematic (73). The method of collection, pretreatment, 
storage, and preparation of heavy metals prior to analysis 
varied slightly among studies, and such processes may 
affect the magnitude and comparability of trace metal 
concentrations.

3.3. Comparisons of the Heavy Metal Concentrations in 
Iran with the International Maximum Allowable Limits
Table 3 presents the maximum allowable limit of heavy 
metal concentrations in soil in Iran and other countries 
worldwide, including Germany, the UK, China, FAO-
WHO, EU, and Africa. In general, the heavy metal 
concentrations in Iranian landfill soils were lower than 
standards in highly industrialized regions like Europe 
and the UK but they still exceeded global averages in 
some cases. This highlights the imperative need for 
continuous monitoring and management of heavy 
metal concentrations. For example, according to WHO 
guidelines, the maximum allowable concentrations of 

Cd and Zn in soil are 3 and 300 mg/kg, respectively. The 
comparison of the average concentrations of heavy metals 
(Table 2) with the standards mentioned in Table 3 shows 
that the mean concentration of Cd and Zn in Tonekabon 
and Kermanshah landfill soils significantly exceeded 
the WHO standard. On the other hand, the mean 
concentrations of some metals such as Ni, Co, and Cu 
were typically lower than both the national and WHO 
standards. The discrepancies in the average concentration 
of metals in different countries could be attributed 
to varying degrees of industrialization, differences in 
background concentrations, and human inputs.

4. Conclusion
This study presents a systematic review of published 
research articles on heavy metal contamination in the 
soil of landfill sites in Iran to assess the extent and 
nature of this contamination. Based on the results, most 
soil samples from landfill sites contained considerable 
concentrations of heavy metals, including Pb, As, Cr, Cd, 
Zn, Co, and Ni. In other words, their concentrations were 
above the recommended permissible limits. Furthermore, 
the concentrations of most heavy metals in the studied 
areas were higher than their background concentration. 
This issue indicates that heavy metals can enter the soil 
as a result of anthropogenic activities in landfill sites. As 
a result, it can be said that the contamination of landfill 
soils in Iran with heavy metals presents environmental 
and public health concerns. This concern increases 
with leachate infiltrating the underground water 
and surrounding agricultural land and as a result the 
possibility of these contaminations entering the food 
chain. Heavy metal contamination levels in the soil are 
influenced by several factors, including the composition 
of the waste, the content of its hazardous components, 
the amount of production and migration of leachate, the 
age and design of the landfill, the soil characteristics, and 
operating conditions. Furthermore, as landfill sites age, 
the accumulation of heavy metals in the soil increases 
significantly. As a result, given the high concentrations 
of some metals in comparison to their background 
concentrations, as well as the cumulative effect of metal 
elements due to their long half-life, comprehensive 
planning for continuous monitoring of heavy metals 

Table 3. Maximum Allowable Limit of Heavy Metal Concentrations in Soil in Different Countries (mg/kg)

Country
Heavy metals

Reference
As Pb Hg Cd Cr Cu Zn Co Ni

Germany 50 70 0.5 1 60 40 150 NA* 50 (74)

UK 32 450 10 10 130 NA NA NA 130 (75)

China 40 70 1.3 0.3 150 50 200 NA 60 (76)

FAO-WHO 20 100 NA 3 100 100 300 50 50 (77)

EU NA 300 NA 3 150 140 300 NA 75 (75)

Africa 5.8 20 0.93 7.5 6.5 16 240 300 91 (75)

Iran 18 50 5 2 110 100 200 40 50 (78)

* Not available.
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in soil and agricultural products surrounding landfill 
sites is required. Furthermore, the long-term health 
and ecological risks associated with these metals can be 
significantly reduced by scientifically selecting landfill 
sites, employing sanitary landfilling technologies, 
establishing a leachate collection and control system, 
standardizing management, and separating and recycling 
heavy metal-containing wastes.
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