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ABSTRACT: Anemia patients are more susceptible to environmental contaminations such as heavy metals. The 

present study aimed at risk assessment of heavy metals in edible mushrooms and Anemia.The databases searched in 

those articles were Google Scholar, SID, Scopus, PubMed, Science Direct, and ISI. Related human health risks were 

calculated using the target hazard quotient (THQ). THQ ratio of Cd, Cu, Fe, Pb, Cr, Ni, and Mn were 3×10−3, 2.31, 

8.43×10 −1, 2.35, 2.92×10−1, 6.6×10− 2 and 1.96×10− 1 m m-1 respectively. The highest non-carcinogenic diseases risk for 

adults were found in Pb (2.35 m m-1) while the lowest value was observed in Cd (3×10− 3 m m-1). The risk of 

carcinogenicity of lead was at the level of acceptable (10−4 to 10−6 m m-1). There is no concern about the non-

carcinogenic risk of consuming heavy metals in edible mushrooms, in Iran except Cu and Pb. In some countries, adults 

and children can be exposed to non-cancerous foods by eating mushrooms. And can aggravate anemia in the consumer. 

 

                              INTRODUCTION 

Mushrooms' edibles are one of the most popular foods in 

the diet of many countries [1]. Edible mushrooms are in 

people's baskets and diets. Some edible mushrooms 

include champignon, Crimino, Portabello, Shiitake, 

Maitake, Oyster, Enoki, Beech, King Trumpet, 

Chanterelle, Hedgehog, Morel, Porcino, Wood Blewit, 

Reishi, Lion’s Mane and Matsutake [2-4]. Avery rich and 

low-calorie food source and has 17.5% protein, 39.9% 

carbohydrates, 2.9% fat, 12.5% ash, and minerals (iron, 

zinc, selenium, and sodium) [2-4]. For this reason, 

households use edible mushrooms to a significant extent in 

the food basket. Studies showed mushrooms are useful in 

preventing diseases such as high cholesterol, diabetes, 

hypertension, cancer, and prostate. Due to its low level of 
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uric acid, it can be a good alternative for all types of meat 

[2, 5, and 6]. 

Epidemiological studies show that the amount of 

mushroom production in Iran in 2004 was about 15,000 

tons, which much lower than western countries such as, 

United States, Japan, the Netherlands, the United 

Kingdom, and Italy that produced mushrooms 344,000, 

336,000, 165,000, 118,000 and 102,000 tons per year, 

respectively [7]. Every year, about 30% of people in 

developed countries suffer from foodborne illness, and 

this rate is reported in developing countries around 2.2 

million people annually [8]. 

Metals with critical concentrations into the food chain 

have detrimental metabolic and physiological effects on 

living organisms Cadmium, lead, arsenic, mercury, 

copper, and zinc are the most dangerous metals [9]. 

Studies demonstrated that mushrooms have the property 

of accumulation of these metals and the concentration of 

heavy metals in mushrooms is higher than compared to 

other agricultural products including fruits and 

vegetables. This depends on the physiology of the fungus, 

the ecosystem, and their species [4]. Heavy metals cause 

adverse effects on the body [10]. Lead disrupts hemoglobin 

biosynthesis, causes anemia and high blood pressure [11]. 

People with anemia are vulnerable to environmental 

contaminants, including heavy metals. Anemia is one of 

the most common blood diseases in children and women 

[12]. Studies show that there is a significant relationship 

between anemia in pregnant women and the rate of heavy 

metal absorption [12-14]. Increasing the prevalence of 

anemia increases the risk of cancer [12]. In Iran, the rate 

of iron deficiency anemia is reported to be 11% [15]. 

World Health Organization (WHO) reports the standard 

limits of arsenic, lead, and copper in food by 0.5, 2, 40 

mg/kg, respectively [16]. 

In the study of Cheraghi et al the concentration of arsenic, 

lead, and copper in all samples of edible mushrooms was 

higher than the standard [17]. The results of the study of 

Anbari et al. in Tehran showed that in 25% of the studied 

mushroom, Pb was higher than the standard limit of the 

European Union and the amount of cadmium was lower 

than the allowable limit [18]. Food safety is a fundamental 

principle of public health. Therefore, high levels of toxic 

compounds in mushrooms may offset its beneficial health 

benefits from a mushroom meal [3]. 

The present study was conducted to investigate and 

evaluate the risk of heavy metals in edible mushrooms and 

the incidence of anemia. It is hoped that the results of this 

study will lead to the regulation of a proper and safe 

nutritional pattern of edible mushrooms in the family diet 

and increase the level of health in consumers of such foods.  

MATERIALS AND METHODS 

This study was conducted as a review article of articles 

published between 1980 and 2020. For this purpose, based 

on searches in Magiran, Google Scholar, SID, Scopus, 

PubMed, Science Direct, and ISI databases, articles were 

founded with the keywords including edible mushrooms, 

heavy metals, risk assessment, anemia, and 

carcinogenicity. 

Non-carcinogenic diseases risk index 

The formula provided by the US Environmental 

Protection Agency (USEPA) [19] was used to calculate 

the hazard of people being diagnosed with non-cancerous 

diseases. 

EDI = (CF × IR × FI× EF × ED) / (BW × AT) 

EDI is the estimation of daily intake) µg kg-1day-1(; CF, 

the concentration of heavy metals in different foods (µg 

kg-1); IR; ingestion rate daily (g day-1), FI; the amount of 

contaminant that is absorbed through food. This 

coefficient varies between 0.25 to 0.4. A coefficient of 

0.4, which indicates the worst case, is usually used to 

calculate the risk. In this study, this coefficient was also 

considered 0.4.EF, exposure frequency (day year-1); ED, 

exposure duration (years); BW, bodyweight (70 kg); AT; 

(EF × ED) average time exposure, RfD; Reference dose. 

THQ = EDI (µg kg-1 day-1) / RfD (µg kg day-1) 

When the non-cancer hazard index (HI) reaches one, it 

indicates a high hazard of non-cancerous diseases. 

HI = THQ 
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Carcinogenic diseases risk index 

The factor of additional risk evaluation for cancer 

incidence in life is an index for the carcinogenicity of the 

received toxin, and if it is calculated less than one million, 

it will indicate negligible conditions for the toxicity of the 

received toxin. However, the calculation of numbers 

higher than 1.10000 of this index shows that this risk 

cannot be ignored and should be examined more 

accurately and sensitively. The level of acceptable cancer 

risk is considered within the range of 10−4 to 10−6. 

Excess Lifetime Cancer Risk = EDI* Slope Factor 

The Slope Factor Pb value was determined to be 8.5 × 10−3 

mg-1 kg-1 day 

RESULTS 

Table 1 showed the average concentration and extent of 

heavy metal contamination in edible mushroom samples 

in various countries. In some studies, the average 

concentration of heavy metals is higher than the tolerable 

recommended by who. And have a high potential risk to 

the health of consumers. The Provisional Tolerable Daily 

Intake (PTDI) for lead and copper metals are 3.75 and 

500 mg kg-1 body weight respectively [20].  

The estimation of daily intake (EDI) of copper and lead 

metals were 85.344 and 8.28 µg kg-1day-1, respectively. 

The daily absorption rate of the element copper is lower 

than the daily tolerable absorption rate (PTDI) by WHO. 

Appraising the hazard potential of cancer was calculated 

within the range of 10-4 to 10-6 (Table 2). 
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Table 1. Prevalence of Heavy metals in edible mushroom samples from various countries. 

Country Year Sample Cd Cr Cu Mn Zn Pb As Ni Al Fe Hg Unit Method Ref. 

Iran 2012 18 

0
.0

0
8

7
 

0
.2

4
6

9
 

         m m-1
 

Atomic absorption 

spectrometry 
[21] 

Iran 2011 8 

0
.4

2
3

±
0

.0
1

 

    

2
.8

5
±

0
.0

8
 

     m m-1
 

Atomic absorption 

spectrometry 
[18] 

Iran 2013 60 
0

.3
2

 

 

4
8

.8
6

8
 

 

2
4

.0
7

2
 

3
.1

5
2

 

8
9

.7
4

2
 

    m m-1
 

Atomic emission 

technique 
[17] 

Iran 2017 30     

6
6

.2
3

±
2

.8
0

 

 

6
5

.2
3

±
1

3
.5

7
 

    m m-1
 ICP-OES [22] 

Iran 2016 24  

5
1

.2
3

±
0

.6
6

 

2
4

.3
7

±
6

.1
7

5
 

5
.0

2
5

±
0

.3
4

 

5
9

.8
8

±
2

2
.0

2
5

 

2
.0

6
±

0
.4

5
 

   

2
7

.2
9

5
±

1
0

.2
6

 

 m m-1
 

Atomic absorption 

spectrometry 
[23] 

Iran 2021 23 

0
.1

8
0
±

0
.2

0
 

1
0
.1

6
±

9
.1

3
 

3
7
.8

8
±

2
8
.9

4
 

7
.2

3
±

5
.6

2
 

2
3
9
4
.0

1
±

1
8
3
.7

4
 

3
.1

5
0
±

2
.7

0
 

0
.5

9
1
0
±

0
.9

1
 

7
.9

7
±

5
.4

8
 

 

9
2
.0

6
±

7
6
.5

0
 

0
.9

5
1
±

0
.7

4
 

m m-1
 (ICP-OES 

[24] 

Iran 2021 6 

2
.4

7
0
±

2
.1

2
 

1
1
.5

3
±

3
.0

7
 

3
1
.9

3
±

1
3
.1

6
 

2
2
.0

8
±

2
0
.1

4
 

1
7
7
7
.3

6
±

8
8
7
.0

8
 

6
.3

3
0
±

2
.9

9
 

0
.5

9
1
0
±

0
.9

1
 

1
8
.1

9
±

7
.2

7
 

 

6
1
8
.7

0
±

5
8
3
.4

1
 

0
.6

5
1
±

0
.0

9
 

m m-1
 (ICP-OES 

Turkey 2004 10 

1
.5

±
1

 

1
0

.3
4

±
0
.8

5
 

4
2

.2
6

±
3
.2

7
 

2
9

.5
4

±
2
.3

1
 

4
8

.7
2

±
3
.6

1
 

2
.3

1
±

0
.2

 

 

5
.6

8
±

0
.4

6
 

 

2
7

2
.8

±
2

0
.3

3
 

 m m-1
 

Atomic absorption 

spectrometry 
[5] 
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India 2014 3 

0
.0

0
1
4
 -

 

0
.0

0
1
9

 

 

5
 -

 9
 

1
 –

5
 

0
.0

6
- 

0
.0

9
 

 

0
.0

7
4

 

  

2
4

1
-2

7
6

 

0
.0

6
2

-0
.0

8
7

 

m m-1
 

Atomic absorption 

spectrophotometer 
[25] 

Turkey 2020  

0
.8

8
±

0
.1

0
 

1
2

.0
3

±
0

.5
5

 

1
0

.3
5

±
1

.4
2

 

1
6

8
.0

8
±

2
.9

 

8
3

.3
6

±
1

.0
1

 

1
7

.1
9

±
0

.6
9

 

 

2
.0

9
±

0
.0

7
 

 

5
7

6
.1

2
±

4
.0

8
 

 m m-1
 

atomic absorption 

spectrophotometer 
[26] 

Turkey 2011 15 

0
.3

7
 

±
0

.0
1

 

–
5

.2
8

 ±
0

.2
1

 

   

7
5

 ±
3

–
2

1
3

 ±
8

 

9
.1

5
 ±

 0
.3

7
 

0
.3

±
0

.1
 

  

4
6

7
 ±

1
9

 

3
,2

8
0

 ±
1

3
1

 

 m m-1
 

IC 

P-OES 
[3] 

Greece 2009 10 

0
.8

2
2

±
0

.0
2

 

2
.4

4
5

±
0

.0
3

 

   

0
.3

7
±

0
.0

6
 

     m m-1
 

Atomic absorption 

spectrometry 
[1] 

Netherl 

ands 
1982 125 

1
3

.9
±

9
.0

5
 

 

6
4

.9
3

±
1

7
.6

8
 

 

2
0

3
.1

6
±

1
0

9
 

1
3

.7
8

±
2

4
.5

6
 

     m m-1
 

Atomic absorption 

spectrometry 
[27] 

Turkey 2006 6 

1
.2

6
±

0
.2

5
 

6
.7

6
5

±
3

.2
 

4
2

.0
7

±
4

.2
 

3
1

.2
8

±
2

.6
3

 

4
5

.1
9

±
3

.5
5

 

2
.9

7
±

0
.2

3
 

 

5
.0

6
±

4
.8

 

 

2
6

1
.3

±
2

1
.3

 

 m m-1
 

Atomic absorption 

spectrometry 
[28] 

China 2008 14 

0
.1

7
7
±

0
.0

0
8

 

2
1
.7

3
±

1
.7

1
 

1
1
.6

1
±

1
.0

8
 

4
2
.1

3
±

2
.9

7
 

6
3
.4

2
±

4
.8

3
 

3
.0

2
±

0
.1

9
 

 

1
.9

±
0
.1

1
 

 

1
5
5
.0

2
±

1
1
.9

 

 m m-1
 ICP-OES [29] 

Turkey 2008 14   

3
9
.2

7
±

3
.3

9
 

7
0
.6

2
±

7
.8

6
 

1
0
9
.6

0
±

9
.2

 

1
.7

7
±

0
.1

5
 

  

2
2
.9

7
±

1
.9

5
 

6
0
2
.1

4
±

5
1
.5

 

 m m-1
 

Atomic absorption 

spectrometry 
[30] 

Turkey 2011 12 

5
.6

3
±

0
.0

1
2

 

3
.8

0
±

0
.0

3
 

4
2

.2
5

±
2

.4
9

 

3
2

.1
6

±
0

.3
5

 

9
8

.5
±

0
.3

5
 

1
.7

5
±

0
.1

0
8

 

 

1
.9

3
±

0
.0

5
8

 

 

4
9

6
.5

8
±

5
 

 m m-1
 ICP-OES [31] 



A.R. Esmaeili et al / Journal of Chemical Health Risks 12(4) (2022) 597-607 

 

602 
 

India 2016 11 

0
.8

2
6
±

0
1
3

 

 

2
0

4
.4

0
±

4
.2

6
 

1
1

0
.0

6
±

3
.5

 

2
1

9
.3

4
±

2
.5

0
 

0
.8

6
3

±
3
.3

5
 

   

6
1

5
.9

5
±

1
9
.7

 

 m m-1
 

ICP-OES 

Atomic absorption 

spectrometry 

[32] 

Turkey’ s 

Black Sea 

region 

2018 21 

0
.0

8
–

3
.3

7
 

0
.3

6
–

6
.2

6
 

1
7

.5
–

1
2

2
 

4
.6

1
–

1
0

2
 

3
4

.4
–

2
2

5
 

0
.1

5
1

.8
0

 

 

1
2

.7
–

2
4

.2
 

   m m-1
 ICP-MS [33] 

Romania 2010 4 

0
.5

2
–

5
.2

7
 

0
.9

3
–

1
3

.4
 

6
.4

3
–

3
2

.8
 

7
.8

5
–

1
6

8
 

3
5

.4
–

1
5

8
 

0
.6

4
–

1
2

.5
 

 

0
.9

2
–

9
.6

3
 

 

2
2

3
–

6
6

5
0

 

 m m-1
 FAAS [34] 

Rudňany 2014 62 

1
.6

 

1
.1

5
 

6
1

.3
 

4
1

.6
 

8
2

.1
6

 

1
.0

8
 

 

1
.1

3
 

 

2
0

7
.8

3
 

2
8

.5
 

m m-1
 

Flame Spectropho 

tometry 
[35] 

Turkey 2019 2 

3
1

.3
±

0
.6

5
 

1
2

8
±

8
.5

 

3
.4

±
0

.1
5

 

5
.5

±
0

.2
 

3
.1

4
±

0
.2

6
5

 

1
1

9
.5

3
 

1
9

.9
5

±
1

.3
 

8
7

±
2

 

7
5

.±
9

 

3
8

.3
±

3
.2

 

 m m-1
 ICP - MS [36] 

Serbia 2015 4 

0
.9

7
±

0
.0

1
 

6
.2

1
2

±
0

.0
6

 

4
6

.8
±

0
.4

2
 

1
7

.9
3

5
±

0
.0

7
 

7
1

.9
3

±
0

.4
 

  

3
.4

9
±

0
.0

3
 

 

1
5

2
.2

2
5

±
0

.9
 

 m m-1
 ICP OES [37] 

Turkey 2011 34  

8
/5

8
+

1
/0

8
 

      

5
3
.9

6
 

  m m-1
 ICP OES [38] 

Ethiopia 2019 4 

2
.1

2
±

0
.0

3
 

 

8
.4

0
-3

4
.3

3
 

4
.2

2
-6

.6
3

 

4
0
.2

5
- 

1
2
0
.9

1
 

8
.5

8
±

.5
8

 

   

3
4
.1

3
-6

2
1
.6

 

 m m-1
 

flame atomic absorption 

spectrometry 
[39] 
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Table 2. Indicated the risk assessment of heavy metal intake through edible mushroom consumption in Iran 

Heavy 

metals 

Concentration index 

mg kg
-1

 
Daily value g day

-1
 

RFD 

Mg kg
-1

 day
-1

 

EDI 

µg kg
-1

day
-1

 
THQ Cancer risk 

Cd 0.680 0.42 1.0× 10
-3

 1.632 3 × 10
−3

  

Cu 35.56 0.42 4.0 × 10
−
 
2
 85.344 2.31  

Fe 246 0.42 7.0 × 10
−
 
1
 590.4 8.43× 10

−
 
1
  

Pb 3.45 0.42 3.5 × 10
−
 
3
 8.28 2.35 7.03× 10

-5
 

Cr 18.29 0.42 1.5 43.896 2.92× 10
−
 
1
  

Ni 13.08 0.42 4.0 × 10
−
 
1
 26.592 6.6× 10

−
 
2
  

Mn 11.44 0.42 1.4 × 10
−
 
1
 27.456 1.96× 10

−
 
1
  

 

                                 DISCUSSION 

Paying attention to the importance of the share of 

mushroom consumption in the household consumption 

basket and providing health of mushrooms have a 

significant impact on public health as well as on the 

indicators and variables of our country's economy. In 

recent years, some studies of food health and safety have 

examined the status of fungal contamination with heavy 

metals. 

Glalipura studied the effects of lead toxicity on mouse 

blood cell changes and found that serum hemoglobin, 

hematocrit levels, MCH, and MCV decreased [40]. 

Gallagher reported in a study the presence of anemia in 

women increased the risk of cadmium concentrations in 

blood samples [41]. It has been indicated that the levels of 

Cd in mushrooms can be accumulated to high 

concentration ratios [27]. Due to the accumulation of 

metals, the consumption of infected mushrooms can 

exacerbate anemia in adults. Studies have shown that 

serum lead and cadmium levels have a significant 

relationship with anemia [40, 41]. The levels of cadmium, 

copper, and lead in serum were significantly higher in 

children with iron deficiency anemia (IDA) than those of 

controls (p<0.05, p<0.05, p<0.01, respectively) [13]. 

Willows reported that infants with iron deficiency anemia 

had significantly higher mean blood lead concentrations 

than infants without iron deficiency anemia [43]. One way 

to get heavy metals into the body is to eat edible 

mushrooms. The concentration of heavy metals in 

mushrooms is mainly influenced by ecosystem factors, 

soil, acidic substances, and the type of mushroom. This is 

because the exchange of materials takes place through the 

soil and is directly in the path of mineralization of the 

crop [17]. In addition, some factories produce organic 

fertilizer for composting from municipal waste, which can 

contain high amounts of organic matter [42]. Zubiri et al. 

reported the highest risk of carcinogenicity in adults and 

children in the Nigerian Delta because the delta region is 

the hub of petrochemical and industrial activities [42]. The 

results of the present study showed that the amount of 

nickel metal in edible mushrooms is lower than the limit 

recommended by the Iranian national standard. Also, the 

risk of non-cancerous disease is lower than the allowable 

limit. 

It has been found that the highest mean concentration of Cr 

in both types of mushrooms (cultivated and wild) was 

lower than recommended level by Codex 

Alimentarius/Food and Agriculture Organization/World 

Health Organization (CODEX/FAO/WHO) [24]. 

While the corresponding values for Hg, As, Ni, Mn, Zn, 

and Pb were higher than related standard levels. 



A.R. Esmaeili et al / Journal of Chemical Health Risks 12(4) (2022) 597-607 

 

604 
 

According to the risk assessment, there was no concern 

about the non-carcinogenic risk due to the consumption of 

heavy metals through the consumption of edible 

mushrooms, except lead for the consumer group. In the 

present study, the concentration of arsenic in edible 

mushrooms is at a moderate level. In the study of 

Shokrzadeh et al, the level of chromium concentration in 

all samples was higher than the codex standard "0.20 m  

m-1". The high level of chromium contamination in the 

mushroom can be due to the high amount of chromium in 

(compost) or water pollution [21]. The results of a study 

by Khodabakhshi et al. in Shahrekord indicated that some 

samples contain the heavy metal chromium, lead, iron with 

higher amounts than level tolerable. The cause of edible 

mushrooms contamination is due to excessive use of 

chemical fertilizers [23]. It has been shown that the As, 

Sn, and Al concentrations of mushroom samples 0.02 m 

m-1 for each element 1. It has been reported that the levels 

of Cd, Pb, Zn, and Mn conformed to the FAO/WHO 

(1976) standards [5]. It has been demonstrated that the 

results indicate that in general, heavy metal contents in all 

mushroom species were lower than the underlying soil 

substrates except for some mushroom species [5]. Edible 

Melanoleuca species have great nutritional value and 

health benefits and could be considered for further 

phytochemical and pharmacological studies [36]. Edible 

wild mushroom Helvella leucopus was found that the 

mushroom contains high levels of Pb and Mn. H. leucopus 

could be used as a natural agent in pharmacological designs 

due to its antioxidant activity [26]. Food contamination 

has been reported as environmental contamination and 

heavy metals [43, 44]. The use of medicinal plants and 

herbal antioxidants [45-56] is one of the solutions remove 

dirt or treatment of diseases. 

CONCLUSIONS 

Based on the results obtained from reviewing the texts in 

this review article, it was determined that there is no 

concern about the non-carcinogenic risk of consuming 

heavy metals in edible mushrooms, in Iran except Cu and 

Pb. In some countries, adults and children can be exposed to 

non-cancerous foods by eating mushrooms. And can 

aggravate anemia in the consumer. 
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