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1.0 Introduction 
 

Mushrooms are heterotrophic eukaryotes that 

belong to the kingdom fungi (Rashid et al., 2018). 

The reproductive structure that bears spores is 

referred to as the fruiting body of the fungus and is 

known as the mushroom (Rashid et al., 2018). From 

the more than 70,000 different species of 

mushrooms found so far, only about 2000 species 

are regarded as edible mushrooms, including the 

following: Oyster mushrooms (Pleurotus 

ostreatus), Agaricus bisporus, portobello 

mushrooms, straw mushrooms, enokitake and 

shiitakes (Chaurasia et al., 2019). In many 

countries, people prefer to consume wild 

mushrooms rather than cultivated ones, and even in 

the developed nations, this preference is believed to 

p-ISSN: 1595-1405 
 

NOUN Journal of Agricultural Research and Development (NJARD) 
The Official Journal of the Faculty of Agricultural Sciences, National Open University of Nigeria, 

Kaduna Campus 
 

Journal homepage: https://journal.agric.nou.edu.ng   

OPEN  ACCESS 

 

Received: May 25, 2026 

Accepted: September 30, 2026  

Published online: October 5, 2026   

Peer-review: Externally peer-reviewed   

  
Copyright: © 2026 Author(s)  

This is an open access article licensed 

under Creative Commons Attribution  

4.0 International License   

which  permits  unrestricted use, 

distribution, and reproduction in any 

medium, provided the original author 

and source are credited (https:// 

creativecommons.org/licenses/by/  

4.0/).  

Conflict of Interest: The authors have 

no conflicts of interest to declare  
 

Financial Disclosure: The authors 

declared that this study has received no 

financial support 

Editor: Dr. Sunday N. Obasi 

National Open University of Nigeria 

Abstract 

The detrimental effects of heavy metals on food substances are concerning 

because they pose a threat to human health and food security in general. This 

study evaluated heavy metal concentrations and assessed the associated 

human health risks in wild oyster mushroom (Pleurotusostreatus) from 

southeastern Nigeria. Using stratified random sampling method, 

representative mushroom samples were collected from the five states of 

southeastern Nigeria (Abia, Anambra, Ebonyi, Enugu and Imo). Heavy 

metals were measured with a Varian Spectra AA 200 Atomic Absorption 

Spectrophotometer. Duncan's Multiple Range Test (DMRT) was used to 

differentiate significant means at a 5% probability level after the data was 

analyzed using analysis of variance (ANOVA). HMs (Pb, Ni, Cr, Fe, Cd, As, 

Zn, Cu, and Hg) in the mushrooms varied significantly across the locations 

with their distribution decreasing in the order of Zn > Cu > Fe > Pb > Ni > 

Cr > Hg > Cd > As. Greater concentrations of most of the heavy metals 

including Cd(0.03±0.01-1.41±0.02 mgkg-1), As (0.02±0.07-0.43±0.001 

mgkg-1), Cu(9.63±0.07-23.07±0.18 mgkg-1) and Hg(0.04±0.06-1.95±0.07 

mgkg-1) were obtained in Ebonyi, Anambra had more concentrations of 

Fe(1.82±0.07-3.86±0.06 mgkg-1) and Zn(18.56±0.5-50.64±0.04 mgkg-1), 

Enugu state had more concentrations of Pb(1.01±0.02-3.30±0.06) and 

Ni(0.29±0.05-1.49±0.013 mgkg-1) whereas Cr(0.34±0.001-1.73±0.03 mgkg-

1) was greater in Abia state. Additionally, most of the heavy metals' 

carcinogenic health risk had values below 10-4, which generally suggested 

an acceptable carcinogenic risk for both adults and children. Although most 

risk assessment findings showed uncontaminated to low contamination, 

indicating that the sampled mushrooms are safe, it is nevertheless vital to 

maintain a careful eye on the heavy metal profiles because heavy metals can 

bioaccumulate in living tissue over time. 
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be spreading (Agrahar-Murugkar & Subbulakshmi, 

2005).  

 

Southeastern Nigeria is a high rainfall area and is 

one of the world's wettest regions. During the rainy 

season (April–September), the region's high 

humidity levels produce ideal atmospheric 

conditions for the growth of a variety of fungi, 

including edible Macromycetes (Falandysz, 2016). 

This are the period during which the residents of this 

area would pick and eat mushrooms (weighing more 

than 15 kg per year). Nowadays, nutrition has 

become the most critical issue for humans. Nutrition 

becomes especially vital when we take into 

consideration the intake of minerals, vitamins, and 

quality proteins. In addition to serving as good 

foods, mushrooms could even be used medicinally 

(Çağlarirmak, 2011). Driven by rising interest in 

natural, tropical, and ethnic foods, as well as hunger 

(high food and feeding costs) (Oguntoye et al., 

2022), the market for wild edible mushrooms in 

southeast Nigeria is booming, providing consumers 

with more mushroom species. They stand out for 

their particular flavour, aroma, nutritional value, 

and therapeutic characteristics.    

 

Although edible mushrooms are rich in essential 

nutrients, they can also absorb potentially toxic 

HMs, leading to accumulation of these toxins not 

only in the mushrooms themselves but also in the 

bodies of third-level consumers like man 

(Nowakowski et al., 2020; Igbiri et al., 2018; 

Alsafran et al., 2021; Onifade et al., 2016). In 

addition, in certain instances, heavy elements 

accumulated in the mushrooms can be at hazardous 

levels depending on their environmental 

concentrations (Chungu et al. 2019; Kokkoris et al. 

2019; Sun et al. 2017) and concentration of 

macromolecules in the cell walls of each specific 

species (Ostos et al., 2015). Accumulation of HMs 

in humans takes place mainly through the 

consumption of contaminated foods (Achparaki et 

al. 2012). Toxic metals endanger human health by 

destroying cell membranes and DNA, as well as 

affecting protein function and enzyme activity 

(Witkowski et al., 2019). Due to their 

environmental persistence, heavy metals (HMs) can 

build up in living organisms after ingestion, 

resulting in bioaccumulation through repeated 

consumption (Masindi et al., 2021). For wild edible 

mushrooms in particular, ongoing monitoring of 

potentially hazardous trace elements in food is 

necessary (Fu et al., 2020). 

 

Taking into consideration their hierarchical position 

in the food chain, it is assumed that the presence of 

elevated metal concentrations in mushrooms is 

highly significant due to the possible toxicological 

risk associated with their consumption (Zhu et al., 

2011). So far, there have been many research works 

conducted with regards to the analysis of elemental 

concentration in fruiting bodies collected from 

various locations (Swisłowski et al., 2020), for 

example, Slovakia (Svoboda et al., 2000), the Czech 

Republic (Svoboda et al., 2002), Poland 

(Nowakowski et al., 2021), and Spain (García et al., 

2009; Alonso et al., 2003), Portugal (Carvalho et 

al., 2005), Turkey (Mendil et al., 2005; Yamaç et 

al., 2007),  China (Fu, et al., 2020; Zhu et al., 2011), 

Greece (Kokkoris et al., 2019). However, published 

results frequently differ greatly and typically 

involve a limited range of elements and/or locales 

(Dastan, 2017; Dastan, 2015; Panahi et al., 2016) 

while few have reported the determination of many 

elements in wild edible mushrooms in Nigeria 

(Orisakwe and Nduka, 2010; Nnorom et al., 2012;  

Nnorom et al., 2013; Ndimele et al., 2017; Ihugba 

et al., 2018; Ilechukwu and Okoye, 2020; Nwokeke 

and Enyoh, 2021; Usman et al., 2022; Ukaogo et al., 

2024), Very few research have been conducted on 

the levels of several metals in mushrooms and the 

potential health concerns associated with metal 

intakes from mushroom consumption in various 

states of southeastern Nigeria (Nnorom et al., 2020). 

In southeastern Nigeria, wild oyster mushrooms 

have been gathered and eaten for generations, and 

they continue to play a significant role in regional 

diets and culinary customs. Despite this long-

standing custom, there is still a dearth of 

information regarding their safety in terms of heavy 

metal contamination. Therefore, this study aimed to 

determine heavy metal concentrations and evaluate 

the associated non-carcinogenic and carcinogenic 

health risks of consuming wild oyster mushrooms 

collected from Southeastern Nigeria.  

 

2.0 Materials and methods 

2.1 Study Location  
The research region, which is lying between 6°0'0" 

and 7°0'0" N and 7°0'0" and 8°0'0" E, is located in 

the five states of southeast Nigeria (Abia, Anambra, 

Ebonyi, Enugu, and Imo) (Fig. 1). 
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Figure 1: Map of the Study Areas - Southeast Nigeria 

 

2.2 Soils and climatic conditions and vegetation 

of the study area 

Egede (2013) stated that the soils of southeastern 

Nigeria are heterogeneous in nature, consisting of 

loose red earth soils mixed with sands, sandstone, 

clayey loam soil, either containing ferric or not, with 

shale rock formation underneath. Ezemonye & 

Emeribe (2012) also highlighted that the soils are 

formed from shale and sandstone rocks which are 

deep, porous, and acidic, and have low organic 

matter due to heavy leaching through rainfall 

activities. Ogbonna et al. (2011) stated that there are 

at least ten types of soil found in southeastern 

Nigeria, including Eutric Fluvisols, Hystic 

Fluvisols, Dystric Fluvisols, Rhodic Ferrosols, 

Lithosols, Dystric Gleysols, Eutric Gleysols, Eutric 

Nitosols, Dystric Cambisols, and Gleyic Cambisols. 

Southeastern soils have poor levels of organic 

matter, base status, and water storage capacity, and 

they are very vulnerable to rapid erosion and land 

degradation (Ufot et al., 2016). The area has a 

tropical climate with consistently high temperatures 

and a seasonal distribution of bimodal rainfall, with 

humidity and rainfall declining from the coast 

inland (Anyadike, 2002). According to Chukwu 

(2007), the average minimum and maximum 

temperatures were between 21 and 30°C along the 

coast and between 29 and 33°C in the interior or 

inlands. Igwe (2012) and Ezemonye and Emeribe 

(2012) state that southern Nigeria typically has 

considerable rainfall, ranging from approximately 

2500 mm in the southernmost region towards the 

Atlantic to roughly 1500 mm yearly along the River 

Benue in the northern borders. The area is located 

in a lowland rainforest natural vegetation belt with 

evergreen trees in the south, which gradually gives 

way northward to rainfall-savanna forest with trees 

scattered with grass (Chukwu et al., 2009). The 

vegetation extends from the mangrove swamp along 

the coast to the derived savanna in the interior. 

2.3 Field studies 

Reconnaissance visit was carried out to identify the 

sampling sites between July to August 2025. 

Thereafter In Abia, Anambra and Ebonyi state 3 

senatorial zones including Central, South and North 
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senatorial zones were selected whereas in Enugu 

and Imo 3 senatorial zones including North. Efforts 

were made to identify the edible mushroom specie 

(oyster (Pleurotus Tuberregium)) in eight sampling 

sites in Abia, Anambra and Enugu State and seven 

sampling sites in Ebonyi and Imo State as shown in 

Table 1. Triplicate samples were collected in each 

of the sampled sites given a total of 114 mushroom 

representative samples used for the study. 

 

Table 1: Locations and coordinates of the sites studied 

S/NO Location 

       GPS Coordinates 

Town LGA Senatorial Zones Latitude / Longitude 

1 ABIA_1 5°27'31.2"N  7°29'35.7"E Umuahia Umuahia South       Abia Central 

2 ABIA_2 5°27'52.7"N  7°26'34.0"E Ubakala Umuahia South      Abia Central 

3 ABIA_3 4°54'47.1"N  7°24'54.4"E Akwete Ukwa East  Abia South 

4 ABIA_4 5°15'58.7"N  7°32'47.3"E Umuopara Ukwa East  Abia South 

5 ABIA_5 5°57'13.4"N  7°24'58.4"E Isuochi Umunneochi   Abia North 

6 ABIA_6 5°56'25.5"N  7°29'25.4"E Umuchieze Umunneochi    Abia North 

7 ABIA7 5°28'18.8"N  7°29'33.7"E Olokoro Umuahia South      Abia Central 

8 ABIA_8 5° 48' 25.1028'' N  7° 28' 53.0976'' E Imenyi Isuikwuato Abia North 

1 ANA_1 6°06'05.0"N  6°48'48.2"E Obosi Idemili North Anambra Central 

2 ANA_2 5°49'14.8"N  6°49'14.5"E Ihiala Anambra South 

3 ANA_3 5°58'26.3"N  7°07'49.7"E Umuchu Aguata Anambra South 

4 ANA_4 6°10'37.5"N  7°07'03.4"E Isiagu Awka South Anambra Central 

5 ANA_5 5°57'39.7"N  7°15'01.4"E Umunze Orumba South Anambra South 

6 ANA_6 6°32'39.9"N  6°56'27.8"E Igbakwu  Ayamelum  Anambra North 

7 ANA_7 6°17'48.7"N  6°51'56.9"E Umuleri  Anambra East Anambra North 

8 ANA_8 6°34'11.0"N  6°54'03.6"E Enugu otu  Anambra West  Anambra North 

1 EBNY_1 5°53'33.4"N  7°53'42.4"E Amasiri1 Afikpo North  Ebonyi North 

2 EBNY_2 5°52' 39.9"N           7°52' 55.1"E Amasiri2 Afikpo North  Ebonyi North 

3 EBNY_3 5°53'28.4"N  7°55'59.6"E Amachara Afikpo North  Ebonyi North 

4 EBNY_4 6°23'23.4"N  7°48'56.4"E Ishiagu Ishielu  Ebonyi Central 

5 EBNY_5 6°14'32.3"N  8°06'30.1"E Uwule Ishielu  Ebonyi Central 

6 EBNY_6 

6°02'54.6"N  7°48'07.2"E Okposi 

Okwu 

Ohaozara  

Ebonyi South 

7 EBNY_7 6°01'20.4"N  7°51'37.0"E Umuka Ohaozara  Ebonyi South 

1 ENU_1 6°46'49.8"N  7°30'49.3"E               - Nsukka  Enugu North 

2 ENU_2 6°54'01.9"N  7°30'07.4"E               - Udenu Enugu North 

3 ENU_3 6°15'12.5"N  7°16'22.5"E               - Oji river  Enugu West 

4 ENU_4 6°32'10.8"N  7°26'08.6"E               - Nkanu East  Enugu East 

5 ENU_5 6°19'55.6"N  7°30'10.9"E                - Nkanu West  Enugu East 

6 ENU_6 6°04'40.8"N  7°28'44.5"E                - Awgu Enugu West 

7 ENU_7 6°23'05.6"N  7°30'50.4"E                - Enugu South  Enugu East 

8 ENU_8 6°23'04.4"N  7°17'35.6"E                - Ezeagu  Enugu West 

1 IMO_1 5°43'00.2"N  6°48'56.8"E Oguta Oguta  Imo West 

2 IMO_2 5°44'24.2"N  7°06'46.6"E Ama-Igbo  Oguta  Imo West 

3 IMO_3 

5°31'28.1"N  7°15'47.9"E Umuokeawa 

Ogbe 

Ahiazu Mbaise 

Imo East 

4 IMO_4 5°29'02.4"N  7°16'07.3"E Eziala Aboh Mbaise Imo East 

5 IMO_5 5°33'14.9"N  7°23'04.9"E Otoko Obowo Imo North 

6 IMO_6 5°40'52.9"N  7°14'50.7"E Umuduru Onuimo Imo North 

7 IMO_7 5°27' 19.4"N          7°01'26.5"E Nekede Owerri West Imo East 

ANA=Anambra, EBNY=Ebonyi, ENU=Enugu, 
 

2.4 Sample Preparation 
The collected mushroom samples were cleaned of 

dust using distilled water, dried in the open for five 

days, then crushed into smaller pieces using a 

blender and kept in polyethylene bags until acid 

digestion for further HM analysis. 

 

2.5   Acid digestion and metal analysis of 

mushroom samples 

Ten milliliters of a nitric/perchloric acid 

combination (2:1 ratio) were added to digestion 

containers containing two grams of each pulverized 

sample. After an hour of digestion at 80°C, a clear, 

transparent solution was produced. The digests were 
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cooled before being filtered through Whatman No. 

42 filter paper into 100 mL volumetric flasks and 

filled with distilled water. A Varian Spectra AA 200 

Atomic Absorption Spectrophotometer was then 

used to examine the resultant solutions for heavy 

metals, including Pb, Ni, Cr, Fe, Cd, As, Zn, Cu, and 

Hg. 

 

2.6 Health Risk Assessment  

2.6.1 Non-Carcinogenic Risk Assessment 

Hazard Quotient (HQ) is a word used to describe 

non-carcinogenic hazards . The likelihood that a 

person will have an adverse effect is represented by 

the unitless number HQ. Equation 1 (USEPA, 2004) 

defines it as the chronic reference dose (RfD) in 

mg/kg-day of a particular heavy metal, which is 

calculated by dividing the acceptable daily intake 

(ADI) or dose by the toxicity threshold value. 

HQ=
ADI

𝑅 𝑓 𝐷
…………………………………..equ. 1 

The total of all the HQs caused by individual heavy 

metals is the non-carcinogenic effect on the 

population for a given number of heavy metals. 

According to USEPA (2004), this is another word 

known as the Hazard Index (HI). This parameter's 

mathematical representation is shown in equation 

(2). 

HI = ∑ HQ k𝑛
𝑘=0 ……………………...equ. 2 

where HQk is the heavy metal k's value. The 

exposure population is unlikely to suffer adverse 

health impacts if the HI value is less than one; if it 

is greater than one, there may be cause for concern 

regarding possible non-carcinogenic effects 

(USEPA, 2004). 

 

2.6.2 Carcinogenic Risk Assessment 
When it comes to carcinogens, the risks are 

calculated as the increased likelihood that a person 

will get cancer over their lifetime due to exposure to 

the potential carcinogen. The excess lifetime cancer 

risk was determined using equation 3, which is:  

Risk 𝑝𝑎𝑡ℎ𝑤𝑎𝑦 =

∑ (ADI)𝑘 . (CSF
𝑛

𝑘=0
) 𝑘……………………equ. 3 

where risk is the unit-less likelihood that a person 

will get cancer over their lifetime. For n heavy 

metals, the average daily intake for the kth heavy 

metal is ADIk (mg/kg/day) and the cancer slope 

factor is CSFk (mg/kg/day)-1. The slope factor 

directly relates an individual's increased risk of 

developing cancer to the estimated daily intake of 

the heavy metal averaged over a lifetime of 

exposure (USEPA, 2004). 

 

2.7 Statistical Analysis 

Data generated were subjected to Analysis of 

Variance (ANOVA) and means separated using 

least significant difference (LSD) at 5 % probability 

level. This test was used to distinguish locations on 

the bases of intrinsic HM and identify the state(s) 

exposed to high risk as a result of Oyster mushroom 

consumption. All analysis was conducted using 

Genstat Statistical Package Version 18.    

 

3.0 Results and Discussion 

 

3.1  Heavy metal concentrations of Oyster 

mushrooms studied (mg/kg) 

The results showed that Pb concentrations in Oyster 

mushroom (Pleurotus ostreatus) varied 

significantly across the study locations. Within the 

sample points of Abia, highest value (1.33±0.06) 

was obtained in ABIA_7 while the lowest value 

(0.75±0.05) occurred in ABIA_2. However, values 

recorded in ABIA_7, 5 and 3 were not significantly 

different. Concentration of Pb in Anambra (ANA) 

was in a range of 2.17±0.02 - 0.24±0.02. 

Significantly greater value occurred in ANA_8 

whereas the least value occurred in ANA_4. In 

Ebonyi State (EBNY), Pb differed significantly 

with EBNY_2 (Amasiri 2, Ebonyi North) showing 

greater value of 4.0±0.06 whereas the least value of 

1.94±0.02 was recorded in EBNY_7. However, 

values obtained in EBNY_5 and EBNY_6 were not 

significantly different. In Enugu State (ENU), 

variation of Pb was significant with a range of 

1.460±0.0 - 0.43±0.010. It was also observed that 

values obtained in ENU_4 and ENU_5 were not 

significantly different. Equally, in Imo (IMO), Pb 

concentrations obviously differed amongst the 

sampling points with highest value of 3.52±0.015 

obtained in IMO_1 compared to the least value of 

2.69±0.06 in IMO_3. In general, based on the mean 

values of Pb concentrations of the Oyster mushroom 

at the different location, it was observed that Enugu 

recorded significantly highest (3.30±0.06) followed 

by Imo (3.15±0.02), Abia (1.14±0.01), Anambra 

(1.10±0.05) and Ebonyi (1.01±0.02). It was 

observed that Pb concentrations of Abia, Anambra 

and Ebonyi did not vary significantly. This 

geographic variation in Pb concentrations clearly 

implies that one of the main factors influencing 

metal uptake is the local substrate composition, 

which may be impacted by different degrees of 

anthropogenic activity like mining or agricultural 

activities (Nnorom et al., 2020). However, all the 

mushroom samples examined in this investigation 

had Pb concentrations below the WHO-

recommended threshold of 5.0 mg/kg (FAO/WHO, 
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2010). Lower Pb concentrations of less than 6 mg 

kg−1 were found in earlier studies on a variety of 

mushroom species collected from unpolluted areas 

(Kalač, 2013; Falandysz and Borovińska, 2013; Sun 

et al., 2017; Falandysz, 2018), including 

measurements on C. comatus, V. gloiocephalus, and 

A. bisporus (Isildak et al., 2007; Zhu et al., 2011; 

Sarikurkcu et al., 2012). Exceptions were reported 

from urban areas with concentrations between 10 

and 15 mg kg−1 (García et al., 2009; Schlecht and 

Säumel, 2015) and highly contaminated mining 

sites with values up to 270 mg kg−1 (Kojta et al., 

2012; Borovińska et al., 2019). According to 

environmental scientists, lead toxicity is harmful to 

plants, animals, and humans (Kumhomkul and 

Panich-pat, 2013). 

 

Nickel has also been linked with lung cancer, and 

the tolerated upper intake level for this harmful 

metal is stated as 1 mg/day (Abdullah et al., 2017). 

Variation in Ni concentration was significant across 

locations studied. Values of Ni in Oyster mushroom 

are between 0.18±0.01 to 0.48±0.006, 0.04±0.05 to 

0.74±0.06, 1.0±0.01 to 1.8±0.0, 0.22±0.06 to 

0.57±0.06, and 1.2±0.01 to 1.5±0.06 with mean 

values of 0.29±0.05, 0.43±0.57, 1.49±0.013, 

1.39±0.01 and 1.36±0.05 in Abia, Anambra, 

Ebonyi, Enugu and Imo states respectively, 

indicating highest and least Ni concentration was in 

Abia and Enugu respectively. The mean Ni 

concentrations of this study are all higher than the 

recommended limit of 0.5 mg/kg (FAO/WHO, 

2017) apart from Oyster mushrooms from Abia and 

Anambra. Previous investigations found greater Ni 

levels of 0.4-15.9 mg/kg, 2.73-19.4 mg/kg, and 0.4-

2 mg/kg (Isildak et al., 2007; Işıloğlu et al., 2001).   

 

Chromium (Cr) concentrations of the Oyster 

mushroom studied in Abia indicated significant 

variation with a wide range of 11.2±0.09 to 

0.27±0.01 in ABIA_4 and ABIA_1 respectively. 

Moreover, ABIA_1, 2, 3, 5, 6, 7 and 8 did not vary 

significantly. Within the samples collected from 

Anambra, Cr concentration was significantly 

highest (0.74±0.01) in ANA_8, while the lowest 

value (0.23±0.06) was recorded in ANA_1. 

However, values obtained in ANA_2 and 5 were not 

significantly different. In Ebonyi Cr was in a 

significant range of 0.68±0.01 to 0.48±0.06 with 

EBNY_3 and EBNY_6, showing maximum and 

minimum values respectively. However, in Enugu, 

significantly greater value (0.45±0.01) of Cr 

occurred in ENU_6, whereas the least value 

(0.13±0.06) occurred in ENU_1. Besides, it was 

observed that difference in concentration of samples 

from ENU_2 and ENU_5 was not significant. In 

Imo State, Cr also differed significantly across the 

studied areas with sample from IMO_3 showing 

greater value of 0.5±0.06 whereas the least value of 

0.2±0.03 was recorded in IMO_5. However, values 

obtained in IMO_5 and IMO_6 were not 

significantly different. Generally, mean values of Cr 

concentrations of the Oyster mushroom at the 

different locations showed decreasing trend of Abia 

(1.73±0.03)> Ebonyi (0.56±0.05)> Anambra 

(0.50±0.08)> Imo (0.38±0.07)> Enugu 

(0.34±0.001). It was observed that Cr 

concentrations of Anambra and Ebonyi did not vary 

significantly. Also, Enugu and Imo varied not 

significantly. The current study's concentration did 

not exceed the 5 mg kg−1 threshold (WHO, 2004) 

and were far lower compared to 27.330 and 26.550 

mg/kg recorded by Udochukwu et al. (2014) and 

Daniel-Umeri et al. (2015), respectively in Agaricus 

bisporus from Benin-city and Ozoro, Nigeria. 

Although Cr is not poisonous, excessive 

concentrations are always dangerous. In addition to 

being mutagenic and carcinogenic in humans (Wu 

et al. 2016), Cr (VI) also causes birth defects and 

suppresses the antioxidant defense system (Asatiani 

et al. 2011).  

 

In results of Table 2a and b it was also shown that 

Fe concentrations varied significantly across the 

study locations. Within the samples from Abia, 

highest value (2.01±0.06) was obtained in ABIA_1, 

while the lowest value (1.72±0.02) was in ABIA_5. 

However, values recorded in ABIA_3 and ABIA_7 

did not differ significantly. Also, ABIA_4, 6 and 8 

were not significantly different. Iron concentration 

in Anambra was in a range of 4.7±0.01 to 3.34±0.5. 

Significantly greater value occurred in ANA_1, 

whereas the least value occurred in ANA_4. 

However, as observed, variation in ANA_2, 3, 5, 6, 

7 and 8 were not significantly different. In Ebonyi 

State, Fe varied significantly with EBNY_4 

showing greater value of 4.5±0.0a followed by 

EBNY_1 (Amasiri1, Ebonyi North, 4.2±0.03), 

EBNY_3 (4.0±0.0), EBNY_5 (3.9±0.1), EBNY_2 

(3.4±0.01), EBNY_6 (2.3±0.06) and EBNY_7 

(1.2±0.01), suggesting higher concentration of Fe in 

EBNY_4 than others. In Enugu State, variation of 

Fe was not significant within the samples with 

exception of ENU_4. Nevertheless, Fe showed a 

range of 2.92±0.06 - 2.34±0.5, indicating slight 

difference amongst the mushrooms studied in 

Enugu. Similarly, in Imo, Fe concentrations did not 

differ significantly amongst the samples with 
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highest value of 2.7±0.06 obtained in IMO_1 

compared to the least value of 1.4±0.06 in IMO_3. 

In general, however, based on the mean values of Fe 

concentrations of the Oyster mushroom at the 

different location, it was observed that Anambra 

recorded significantly highest (3.86±0.06) followed 

by Ebonyi (3.36±0.01), Enugu (2.74±0.05), Imo 

(1.93±0.01) and Abia (1.82±0.07). The 

concentration of Fe found in the investigated 

mushrooms was under the maximum allowable 

limits for human consumption of 48 mg kg-1 

according to WHO/FAO (2007) and the Turkish 

Food Codex Anonymous Regulation's 15 mg/kg 

limit (2002). Although it has occasionally been 

found to be less than 50 mg kg−1 (Borovińska and 

Òanda, 2007), the iron concentration was typically 

greater than 100 mg kg−1 in previous works (Isildak 

et al., 2004; Rudawska and Leski, 2005; Zhu et al., 

2011; Sarikurkcu et al., 2012; Sun et al., 2017). It is 

well known that iron is important for the survival of 

almost all forms of life due to its role in several 

biological functions such as oxygen transport, DNA 

synthesis, and electron transport (Sun et al., 2017). 

Therefore, consumption of these mushrooms would 

be a reliable source of iron supplementation, 

especially in southeastern Nigeria where iron 

deficiency is common. 

  

Also, with average values of 0.05±0.09, 0.03±0.01, 

1.41±0.02, 0.03±0.001, and 0.95±0.07 in Abia, 

Anambra, Ebonyi, Enugu, and Imo, respectively, 

the Cd concentrations in the mushrooms ranged 

from 0.031±0.01 to 0.080±0.03, 0.01±0.01 to 

0.05±0.01, 1.08±0.02 to 1.82±0.06, 0.02±0.02 to 

0.04±0.0 and 0.83±0.06 to 1.17±0.02, implying that 

Cd was highest in mushrooms from Ebonyi and 

equally least in Anambra and Enugu. In similar 

study of Jain, Gupta, and Kumar, (2013), relatively 

higher cadmium concentration obtained in the 

species of Oyster mushroom (Pleurotus sajor-caju), 

Button mushroom (Agaricus bisporus), Shiitake 

(Lentinula edodes), and Milky mushroom 

(Calocybe indica) varied between 0.72 and 15.7 

mg/kg dw, 1.0 to 12.0 mg/kg dw, 0.41 to 14.3 mg/kg 

dw, and 0.38 to 8.20 mg/kg dw respectively. 

Nonetheless, the mean cadmium concentration in 

mushrooms from Ebonyi and Imo was above the 

WHO's (2004) recommended limit of 0.05 mg/kg in 

food. This widespread Cd pollution is a serious 

public health issue because it is consistent with the 

finding that some mushrooms can be powerful 

accumulators of this harmful element, especially in 

areas with high soil metal content (Nnorom et al., 

2020). The findings highlight the necessity of close 

observation, particularly for species that are 

collected from the wild. When Cd concentrations 

are above the prescribed level, they may accumulate 

in the body, affecting the kidneys and liver 

(FAO/WHO, 2017).    

 

Large amounts of arsenic can have detrimental 

effects on the heart, brain, and gastrointestinal tract 

due to its extreme toxicity (Ahmed et al., 2015). 

Arsenic concentrations in the current research 

ranged from 0.014±0.006 to 0.032±0.002, 

0.01±0.06 to 0.036±0.06, 0.19±0.06 to 0.61±0.06, 

0.01±0.06 to 0.05±0.06, and 0.19±0.06 to 0.48±0.06 

in Oyster mushroom samples collected from Abia, 

Anambra, Ebonyi, Enugu, and Imo states 

respectively. Averaged over locations it was 

0.02±0.07c in Abia and Anambra, 0.43±0.001, 

0.03±0.05, and 0.34±0.005 in Ebonyi, Enugu, and 

Imo states respectively. Because arsenic (As) has 

been shown to be carcinogenic, its presence, 

especially in Ebonyi, is a serious issue (Tchounwou 

et al., 2012). This work suggest that in addition to 

being species-dependent, heavy metal 

concentrations in mushrooms are also significantly 

impacted by the anthropogenic and geochemical 

features of the collection location. Other studies 

have found greater As levels, such as 11.86 and 

16.947 mg/kg dw for Tuber indicum in China (Liu 

et al., 2015) and Tricholoma matsutake in Korea. 

Borovicˇka (2004) discovered high arsenic 

concentrations in inedible Sarcosphaera coronaria, 

reaching 2130 and 7090 mgkg-1 dry matter, 

respectively. According to FAO/WHO, the allowed 

As level in food and vegetables is 0.2 mg/kg, 

indicating that on average, mushrooms from all the 

locations were under the tolerated limit, with the 

exception of oyster mushrooms from Imo state.   

 

Additionally, Zn concentrations were generally 

greater in Oyster than Agaricus mushrooms. It 

differed significantly from 30.2±0.06 - 42.2±0.1, 

44.2±0.06 - 61.5±0.6, 28.4±0.06 - 34.6±0.06, 

40.2±0.06 - 52.2±0.1 and 16.9±0.04 -21.2±0.02 in 

oyster mushrooms from Abia, Anambra, Ebonyi, 

Enugu, and Imo, respectively. The mean values 

were in descending order of Anambra (50.64±0.04) 

> Enugu (47.14±0.01) > Abia (36.73±0.05) > 

Ebonyi (30.84±0.07) >Imo (18.56±0.5). In previous 

study (Ihugba et al., 2018) in Imo state, Zinc 

concentration ranged from 0.03± 0.007 mg/kg to 

3.25 ± 0.01mg/kg, indicating its higher 

concentration in the present study. However, values 

of Zn in most of the locations were within 40.3–64.4 

mg/kg and 29.3–158 mg/kg reported by Mendil et 
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al. (2004) in Oyster mushroom cap from 

Kastamonu, Turkey, but below 75.99–94.61 lg/g 

stated by Sithole et al. (2022).  

 

Copper is an essential element, which is important 

for the body to transport and use iron (World Health 

Organization, 2004), but only in low concentrations 

(Turkekul et al., 2004). The Cu concentrations in 

this study varied within and across the locations 

sampled. Accordingly, in Oyster mushrooms Cu 

levels varied from 9.86±0.03 to 13.3±0.12, 7.2±0.12 

to 11.3±0.15, 19.5±0.5 to 31.17±0.2, 7.3±0.06 to 

11.9±0.03, and 8.94±0.05 to 16.2±0.06 in Oyster 

mushrooms from Abia, Anambra, Ebonyi, Enugu 

and Imo states. The mean values in Abia, Anambra, 

Ebonyi, Enugu, and Imo were 11.62±0.04, 

9.63±0.07, 23.07±0.18, 9.84±0.2, and 13.04±0.05, 

respectively, suggesting greater and least 

concentrations in Ebonyi and Anambra 

respectively. In previous study, Ihugba et al. (2018) 

reported Cu concentration range of 0.03mg/kg to 

0.83mg/kg in Oyster mushroom from Imo state, 

indicating its higher concentration in the present 

study. The variations in the content of Cu might be 

due to the following reasons: composition of the 

substrate that was used by the mushrooms for 

acquiring their nutrients, the location of the site at 

which the samples were collected, age of the 

mycelia and fruiting bodies and the distance of the 

samples from the source of pollution (Radulescu et 

al., 2010). 

In results of Table 2a and b, mercury (Hg) 

concentrations of the Oyster mushroom studied in 

Abia indicated significant variation with a range of 

0.45±0.06 in ABIA_6 to 0.25±0.01 in ABIA_1. 

However, samples ABIA_6, ABIA_3 and ABIA_8 

did not show significant variation as well as samples 

ABIA_2, ABIA_4, ABIA_5 and ABIA_7. Within 

the samples collected from Anambra, Hg 

concentration was significantly highest (0.05±0.0) 

in both ANA_5 and ANA_6, while the lowest value 

(0.02±0.0) was recorded in ANA_3. Moreover, 

values obtained in samples ANA_2, ANA_4 and 

ANA_7 did not differ significantly. Equally, 

samples ANA_1 and ANA_8 were not significantly 

different. In Ebonyi State, Hg was in a significant 

range of 2.8±0.06 to 1.21±0.06 with EBNY_1 

having maximum value whereas both sample 

EBNY_6 and EBNY_7 had minimum value. 

However, statistically, it was also shown that 

variations between sample EBNY_3 and EBNY_4 

were not significant. In Enugu State, Hg also 

differed significantly across the studied samples 

with sample ENU_5 showing greater value of 

0.06±0.06 and sample ENU_3 showing least value 

of 0.02±0.06. However, values obtained in samples 

ENU_5, ENU_6, ENU_7, ENU_4 and ENU_2 were 

not significantly different. Equally, no significant 

variation was also recorded for samples ENU_1 and 

ENU_8. Mercury levels in Imo were significantly 

greater (1.7±0.012) in IMO_2 compared to 

0.96±0.006, 0.83±0.006, 0.51±0.006d, 0.44±0.006, 

0.39±0.05 and 0.31±0.006 obtained in IMO_4, 

IMO_3, IMO_6, IMO_5, IMO_1 and IMO_7 

samples respectively, indicating higher 

concentration of Hg in IMO_2 than others. 

Generally, mean values of Hg concentrations of the 

Oyster mushroom at the different location showed 

decreasing trend of Ebonyi (1.95±0.07)> Imo 

(0.74±0.05)> Abia (0.37±0.01)> Anambra 

(0.04±0.06)> Enugu (0.04±0.01). Contrarily, Hg 

was below detectable limit in the study of 

Udochukwu et al (2014) and Daniel-Umeri et al 

(2015) in Agaricus bisporus from Benin-city and 

Ozoro, Nigeria, respectively. The level of Hg in the 

substrate is of great importance in mushroom 

production because the higher level of Hg in the 

substrate increases its accumulation into the cap and 

stipe (Rzymski et al., 2016). In general however, 

distribution of HMs were in decreasing order of 

Zn(37.42) > Cu(13.19) > Fe(2.75) > Pb(1.87) > 

Ni(0.76) > Cr(0.71) > Hg(0.59) > Cd(0.46) > 

As(0.16). According to a similar study by Kalac 

(2010), the amount of heavy metals in mg/kg of dry 

weight in mushrooms consumed in each European 

country was found to be in the following ranges: 

Arsenic in the range of 0.5-5, Cadmium 1-5, 

Chromium 0.5-5, Copper 20-100, Fe 50-300, 

Mercury <0.5-5, Nickel nd-15, Lead <5, and Zinc 

25-200, indicating lower concentrations of most of 

the HMs in the mushrooms investigated. 
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Table 2a Heavy metal (mg/kg) Conc of Oyster mushroom studied  
Sample Pb Ni Cr Fe  Cd As Zn Cu Hg 

 
    

Abia State  
    

ABIA1 0.98±0.05d 0.35±0.02c 0.27±0.01b 2.01±0.06a 0.05±0.006c 0.032±0.002a 34.3±0.1f 12.6±0.4b 0.25±0.01c 

ABIA2 0.75±0.05e 0.23±0.006 0.32±0.01b 1.92±0.06b 0.06±0.005b 0.024±0.006b 35.2±0.06e 11.6±0.61c 0.36±0.05b 

ABIA3 1.29±0.06a 0.48±0.006a 0.43±0.06b 1.82±0.06c 0.031±0.01e 0.025±0.002b 40.2±0.10c 10.8±0.52d 0.42±0.06a 

ABIA4 1.14±0.16bc 0.40±0.06b 11.2±0.09a 1.76±0.03d 0.040±0.06d 0.014±0.006c 36.3±0.12d 10.2±0.06de 0.35±0.06b 

ABIA5 1.28±0.11a 0.22±0.06d 0.33±0.06b 1.72±0.02e 0.080±0.03a 0.021±0.001b 30.2±0.06g 12.3±0.06b 0.33±0.1b 

ABIA6 1.23±0.01ab 0.24±0.006d 0.42±0.01b 1.76±0.01d 0.044±0.02d 0.014±0.006c 33.9±0.6f 9.86±0.03e 0.45±0.06a 

ABIA7 1.33±0.06a 0.18±0.01e 0.43±0.02b 1.83±0.01c 0.052±0.01c 0.025±0.006b 41.5±0.6b 12.3±0.06b 0.35±0.06b 

ABIA8 1.08±0.02cd 0.22±0.01d 0.44±0.012b 1.77±0.02d 0.042±0.06d 0.023±0.006b 42.2±0.1a 13.3±0.12a 0.43±0.06a 

     Anambra State     
ANA1 1.21±0.01d 0.06±0.0f 0.23±0.06g 4.7±0.01a 0.03±0.0e 0.02±0.0c 44.2±0.06h 8.27±0.06cd 0.03±0.0c 

ANA2 0.74±0.01e 0.04±0.05g 0.43±0.01e 3.76±0.03b 0.02±0.06f 0.01±0.06d 50.3±0.1d 9.2±0.06c 0.04±0.0b 

ANA3 0.53±0.01g 0.57±0.05c 0.33±0.06f 3.81±0.06b 0.01±0.01g 0.02±0.0c 53.2±0.1c 10.5±0.06b 0.02±0.0d 

ANA4 0.24±0.02h 0.66±0.01b 0.57±0.01d 3.34±0.5c 0.03±0.06e 0.04±0.0a 47.3±0.17f 11.3±0.15a 0.04±0.0b 

ANA5 0.65±0.06f 0.5±0.06d 0.42±0.06e 3.9±0.06b 0.04±0.01c 0.036±0.06a 48.2±0.06e 10.1±0.8b 0.05±0.0a 

ANA6 1.53±0.01c 0.74±0.06a 0.65±0.01b 3.76±0.06b 0.05±0.01a 0.02±0.006c 46.2±0.0g 11.2±0.03a 0.05±0.0a 

ANA7 1.76±0.0b 0.37±0.01e 0.63±0.0c 3.83±0.01b 0.04±0.01b 0.03±0.0b 61.5±0.6a 9.3±0.06c 0.04±0.0b 

ANA8 2.17±0.02a 0.52±0.01d 0.74±0.01a 3.77±0.01b 0.03±0.05d 0.02±0.0c 54.2±0.1b 7.2±0.12d 0.03±0.06c 

     Ebonyi State     
EBNY1 3.8±0.06c 1.7±0.4d 0.49±0.06f 4.2±0.03b 1.82±0.06a 0.53±0.06d 32.1±0.01c 22.3±0.06c 2.8±0.06a 

EBNY2 4.0±0.06a 1.7±0.0c 0.59±0.01c 3.4±0.01e 1.66±0.06b 0.61±0.06a 28.4±0.06g 21.4±0.01d 2.10±0.06c 

EBNY3 3.9±0.05b 1.8±0.0a 0.68±0.01a 4.0±0.0c 1.49±0.06d 0.59±0.02c 29.4±0.06e 31.17±0.2a 1.98±0.02d 

EBNY4 3.5±0.03d 1.8±0.01b 0.62±0.06b 4.5±0.0a 1.55±0.06c 0.6±0.003a 28.9±0.06f 23.7±0.06b 2.41±0.06b 

EBNY5 3.0±0.02e 1.2±0.06f 0.56±0.06d 3.9±0.1d 1.07±0.03f 0.23±0.06e 34.6±0.06a 21.3±0.12d 1.96±0.06d 

EBNY6 2.98±0.01e 1.0±0.01g 0.48±0.06g 2.3±0.06f 1.21±0.06e 0.24±0.06e 32.4±0.06b 22.1±0.05c 1.21±0.06e 

EBNY7 1.94±0.02f 1.2±0.03d 0.52±0.06e 1.2±0.01g 1.08±0.02f 0.19±0.06f 30.1±0.00d 19.5±0.5e 1.210± 0.0e 

Means that do not share a letter are significantly different at 5% probability level. 
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Table 2b  Heavy metal (mg/kg) Conc of Oyster mushroom studied 

Sample Pb Ni Cr Fe  Cd As Zn Cu Hg 

     Enugu State     
ENU1 1.20±0.05c 0.22±0.06e 0.13±0.06f 2.7±0.01a 0.02±0.0c 0.02±0.0de 40.2±0.06d 7.3±0.06d 0.03±0.06b 

ENU2 0.60±0.06e 0.44±0.06b 0.33±0.01d 2.76±0.03a 0.03±0.0b 0.01±0.06ef 46.3±0.12c 8.2±0.06c 0.05±0.06a 

ENU3 0.43±0.010f 0.57±0.06a 0.23±0.01e 2.82±0.0a 0.01±0.0d 0.02±0.0de 50.2±0.1ab 9.8±0.5b 0.02±0.06b 

ENU4 0.9±0.02d 0.45±0.01b 0.37±0.01c 2.34±0.5b 0.02±0.02c 0.03±0.06cd 44.3±0.2c 10.0±0.7b 0.05±0.01a 

ENU5 0.95±0.07d 0.33±0.06c 0.32±0.01d 2.92±0.06a 0.04±0.0a 0.04±0.06b 45.2±0.05c 9.9±0.6b 0.06±0.06a 

ENU6 1.33±0.01b 0.44±0.06b 0.45±0.01a 2.76±0.06a 0.03±0.0b 0.01±0.06f 47.2±6.0bc 11.9±0.03a 0.05±0.06a 

ENU7 1.460± 0.0a 0.27±0.01d 0.43±0.0b 2.83±0.01a 0.03±0.0b 0.05±0.06a 51.5±0.6a 10.3±0.06b 0.05±0.06a 

ENU8 1.17±0.01c 0.32±0.01c 0.44±0.01ab 2.77±0.01a 0.02±0.0c 0.03±0.06cd 52.2±0.1a 11.3±0.1a 0.03±0.06b 

     Imo State     
IMO1 3.52±0.015a 1.4±0.06c 0.45±0.6c 2.0±7.5a 1.17±0.02a 0.40±0.06b 16.9±0.01de 13.1±0.06e 0.39±0.05f 

IMO2 3.2±0.06c 1.3±0.06d 0.4±0.06b 1.4±0.06a 0.91±0.06c 0.48±0.06a 17.7±0.03c 14.2±0.02c 1.7±0.012a 

IMO3 2.69±0.06g 1.5±0.06a 0.5±0.06a 2.7±0.06a 0.84±0.06d 0.39±0.06c 20.2±0.2b 16.2±0.06a 0.83±0.006c 

IMO4 3.33±0.06b 1.3±0.06e 0.4±0.06e 2.0±0.01a 0.93±0.06c 0.26±0.06f 21.2±0.02a 15.4±0.06b 0.96±0.006b 

IMO5 3.1±0.06e 1.4±0.06c 0.2±0.03g 1.8±0.06a 0.83±0.06d 0.29±0.06e 20.1±0.06b 8.94±0.05g 0.44±0.006e 

IMO6 2.89±0.01f 1.2±0.01f 0.3±0.5f 2.1±0.01a 1.01±0.06b 0.34±0.06d 16.9±0.04e 14.1±0.05d 0.51±0.006d 

IMO7 3.19±0.01d 1.49±0.01b 0.4±0.01d 1.5±0.06a 0.98±0.06b 0.19±0.06g 17.1±0.08d 9.2±0.02f 0.31±0.006g 

 Means that do not share a letter are significantly different at 5% probability level. 
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3.2a  Non-Carcinogenic Health Risk of 

Oyster Mushroom in the Study Area 

From the results of non-carcinogenic health risk 

(NCHR) of heavy metals in Oyster mushroom 

studied (Table 3a), NCHR varied in both child and 

adult. Values of NCHR for child were as follows; 

Pb (1.6×10-3-5.2×10-3), Ni (5.4×10-5-8.0×10-3), Cr 

(3.9×10-5-3.5×10-3), Fe (4.1×10-5-6.0×10-3) and Cd 

(4.7×10-6-3.9×10-3). Also, NCHR of As, Zn, Cu and 

Hg in Oyster mushroom was as follows; As (1.2×10-

3-2.2×10-2), Zn (9.6×10-4-2.6×10-3), Cu (3.7×10-4-

3.8×10-3) and Hg (1.2×10-2-0.608). As shown, 

NCHR of Pb, As and Hg were higher in mushroom 

collected from Ebonyi, Cr, Fe, Cd and Cu was 

higher in Enugu, NCHR of Ni and Zn was higher in 

Anambra State. However, the least NCHR of Ni, Fe 

and As was obtained in Abia, Cd, Cu and Hg was 

least in Anambra while Cr and Zn was least in Imo. 

In addition, NCHR of Pb was highest in child 

consuming Oyster mushroom.   

   

Values of NCHR for adult Oyster mushroom was as 

follows; Pb (9.6×10-5-8.4×10-3), Ni (2.5×10-6-

3.2×10-3), Cr (1.8×10-6-1.6×10-3), Fe (1.9×10-6-

2.8×10-3) and Cd (2.2×10-7-1.8×10-3). Also, NCHR 

of As, Zn, Cu and Hg in Oyster mushroom was as 

follows; As (5.3×10-5-6.3×10-3), Zn (4.4×10-5-

1.1×10-3), Cu (1.7×10-5-1.8×10-3) and Hg (5.4×10-4-

4.9×10-2). As recorded, apart from NCHR of Hg that 

was higher in Imo, NCHR of all the heavy metals 

were found to be higher among adult consuming 

Oyster mushroom in Enugu. However, least NCHR 

of Pb, Ni, Fe and As was obtained in Abia, Cd, Cu 

and Hg was least in Anambra while Cr and Zn was 

least in Imo. This indicates that higher level of non-

carcinogenic health risk of most metals in Oyster 

mushroom was in Enugu especially for adult. In 

contrast to earlier research by Pedrero et al. (2010) 

and Guerra et al. (2012), which revealed greatest 

concentrations of copper followed by iron and 

comparatively lower concentrations of lead, the 

hazard quotient in oyster mushrooms in our study, 

where mercury was highest, was not in line with 

these findings. Moreover, previous study found that 

the target health quotient (THQ) of zinc was highest 

and ranged from 0.59-1.56, 0.65-1.72, and 1.49-

3.90 for adults, adolescents, and children, 

respectively (Igbiri et al., 2018). However, the 

current study's findings were consistent with those 

of Zhiqiu et al. (2020), who indicated that Hg (6.87) 

had a higher non-carcinogenic risk than other HMs 

investigated. The need for a source study is further 

highlighted by the fact that the Hg values in Ebonyi 

are among the highest recorded in recent literature 

for Pleurotus species from Nigeria (Nnorom et al., 

2020). 

 

Table 3a  Non-carcinogenic health risk of Oyster mushroom in the study area 

Location  Pb Ni Cr  Fe Cd  As Zn  Cu  Hg  

    

 
Abia     

Child 1.8×10-3 5.4×10-5 1.8×10-4 4.1×10-5 7.8×10-6 1.2×10-3 1.9×10-3 4.5×10-4 0.114 

Adult 9.6×10-5 2.5×10-6 8.2×10-5 1.9×10-6 4.0×10-5 5.3×10-5 8.7×10-5 2.1×10-5 5.3×10-3 

    

 
Anambra     

Child 1.7×10-3 8.0×10-3 5.2×10-5 8.6×10-5 4.7×10-6 1.3×10-3 2.6×10-3 3.7×10-4 1.2×10-2 

Adult 9.2×10-4 3.7×10-6 2.4×10-6 3.9×10-6 2.2×10-7 5.8×10-5 1.2×10-4 1.7×10-5 5.4×10-4 

    

 
Ebonyi     

Child 5.2×10-3 2.8×10-4 5.8×10-5 7.5×10-5 2.2×10-4 2.2×10-2 1.6×10-3 9.0×10-4 0.608 

Adult 2.8×10-3 1.3×10-5 2.7×10-6 3.4×10-6 1.0×10-5 1.0×10-3 7.3×10-5 4.1×10-5 2.8×10-2 

    

 
Enugu     

Child 1.6×10-3 7.0×10-3 3.5×10-3 6.0×10-3 3.9×10-3 1.4×10-3 2.4×10-3 3.8×10-3 1.3×10-2 

Adult 8.4×10-3 3.2×10-3 1.6×10-3 2.8×10-3 1.8×10-3 6.3×10-3 1.1×10-3 1.8×10-3 6.1×10-3 

    

 
Imo     

Child 4.9×10-3 2.5×10-4 3.9×10-5 4.3×10-5 1.5×10-4 1.7×10-4 9.6×10-4 5.1×10-4 0.228 

Adult 2.6×10-3 1.2×10-5 1.8×10-6 2.0×10-6 6.8×10-6 8.0×10-4 4.4×10-5 2.3×10-5 4.9×10-2 
 

3.2b  Carcinogenic Health Risk of Oyster 

Mushroom in the Study Area 

Table 3b summarized the results of carcinogenic 

health risk (CHR) of heavy metals in Oyster 

mushroom studied. From the results, CHR differed 

in both child and adult. Values of CHR for child was 

as follows; Pb (1.1×10-7-3.7×10-7), Ni (3.8×10-5-

1.9×10-4), Cr (7.9×10-5-4.0×10-4), Fe (2.0×10-3-

4.2×10-3) and Cd (3.9×10-6-2.2×10-4). Also, CHR of 

As, Zn, Cu and Hg in Oyster mushroom was as 

follows; As (1.0×10-8-2.0×10-7), Zn (8.7×10-3-
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6.6×10-2), Cu (2.8×10-3-6.6×10-2) and Hg (1.0×10-9-

1.5×10-7). As demonstrated, CHR of all the heavy 

metals were found to be higher in Ebonyi with the 

exception NCHR of Cr and Fe that was least in Abia 

and Anambra respectively. 

 

Variation of CHR for adult consuming Oyster 

mushroom ranged as follows; Pb (6.0×10-8-2.0×10-

7), Ni (1.7×10-6-8.9×10-6), Cr (3.6×10-6-1.9×10-5), 

Fe (9.1×10-5-1.9×10-4) and Cd (1.8×10-7-1.0×10-5). 

Also, CHR of As, Zn, Cu and Hg in Oyster 

mushroom was as follows; As (5.0×10-10-1.0×10-8), 

Zn (4.0×10-4-1.4×10-3), Cu (2.8×10-4-6.6×10-4) and 

Hg (1.0×10-10-7.0×10-9). As displayed in Table 3b, 

NCHR of all the heavy metals were found to be 

higher in Ebonyi with the exception CHR of Fe and 

Zn that was least in Anambra and NCHR of Cr that 

was least in Abia. This implied that incremental 

carcinogenic risk effects of most of these HMs 

would occur if there is high consumer intake of this 

mushroom (Zhiqiu et al., 2020) especially in 

Ebonyi. Given that children are more susceptible to 

heavy metal poisoning due to their higher food 

intake in relation to body weight and developing 

organ systems (Hauptman and Woolf, 2017), it is 

evident that samples from Ebonyi pose a possible 

health risk. Furthermore, the values of carcinogenic 

health risk observed in our current investigation 

agreed with the results provided by Chukwuka et al. 

(2023), whereby the carcinogenic risks associated 

with heavy metals in adults and children were stated 

as Pb (2.30 – 3.04 × 10-5 and 6.72 – 8.85 × 10-5), Cd 

(2.92–4.37 × 10-3 and 8.51 × 10-3–1.27 × 10-2), Cr 

(6.3 × 10-4–1.03 × 10-3 and 1.83–3.01 × 10-3), and 

Ni (6.05 × 10-4–2.08 × 10-3 and 1.76–6.07 × 10-3). 

Table 3b  Carcinogenic health risk of Oyster mushroom in the study area 

Location  Pb Ni Cr  Fe Cd  As Zn  Cu  Hg  

    

 
Abia               

Child 1.3×10-7 3.8×10-5 4.0×10-4 2.0×10-3 7.8×10-6 1.0×10-7 1.7×10-2 7.2×10-3 2.9×10-8 

Adult 7.0×10-8 1.7×10-6 1.9×10-5 9.1×10-5 3.6×10-7 5.0×10-10 7.9×10-4 3.3×10-4 1.0×10-9 

    

 
Anambra               

Child 1.3×10-7 5.7×10-5 1.2×10-4 4.2×10-3 4.9×10-6 5.0×10-8 1.1×10-2 2.8×10-3 1.0×10-9 

Adult 7.0×10-8 2.6×10-6 5.4×10-6 1.9×10-4 2.2×10-7 5.0×10-10 1.4×10-3 2.8×10-4 1.0×10-10 

    

 
Ebonyi               

Child 3.7×10-7 1.9×10-4 1.3×10-4 3.7×10-3 2.2×10-4 2.0×10-7 6.6×10-2 6.6×10-2 1.5×10-7 

Adult 2.0×10-7 8.9×10-6 6.0×10-6 1.7×10-4 1.0×10-5 1.0×10-8 6.6×10-4 6.6×10-4 7.0×10-9 

    

 
Enugu               

Child 1.1×10-7 5.0×10-5 7.9×10-5 3.0×10-3 3.9×10-6 1.0×10-8 2.2×10-2 6.1×10-3 3.0×10-9 

Adult 6.0×10-8 2.3×10-6 3.6×10-6 1.4×10-4 1.8×10-7 6.0×10-10 1.0×10-3 2.8×10-4 2.0×10-10 

    

 
Imo               

Child 3.6×10-7 1.8×10-4 8.8×10-5 2.1×10-3 1.5×10-4 1.6×10-7 8.7×10-3 8.1×10-3 5.7×10-8 

Adult 1.9×10-7 8.2×10-6 4.1×10-6 9.6×10-5 6.8×10-6 1.0×10-8 4.0×10-4 3.7×10-4 3.0×10-9 

 

4.0 Conclusions 

The results of this study made it clear that the heavy 

metals (Pb, Ni, Cr, Fe, Cd, As, Zn, Cu, and Hg) in 

mushrooms differed greatly among the locations. 

The results indicated that samples from Ebonyi had 

higher concentrations of most of the HMs, including 

Cd, As, Cu, and Hg; Anambra had higher 

concentrations of Fe and Zn; Enugu state had higher 

concentrations of Pb and Ni; and Abia state had 

higher concentrations of Cr, even though the 

majority of the heavy metals were within acceptable 

limits. In addition, all the non-carcinogenic health 

risk of heavy metals showed values less than 1 

which generally indicated acceptable non-

carcinogenic risk for both child and adult. Besides, 

carcinogenic health risk of HMs in the mushrooms 

showed values less than 10-4 which generally 

indicated acceptable carcinogenic risk in both child 

and adult except Zn and Cu that was unacceptable 

for both child and adult in all locations, Fe for both 

child and adult in all locations apart from adult in 

Abia and Imo, Cr for child in Abia, Anambra and 

Ebonyi as well as Ni and Cd for child in Ebonyi and 

Imo state. Although eating oyster mushrooms from 

the states of Abia, Anambra, Enugu, and Imo seems 

to be harmless, the study provides compelling 

evidence that eating mushrooms from Ebonyi State 

poses a serious health risk, especially for children. 
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Our results clearly indicate that environmental 

contamination in Ebonyi State is a major public 

health concern that has to be addressed 

immediately by regulatory bodies. Also, in order to 

safeguard the health of communities that depend on 

wild mushrooms for food, this study provides an 

essential baseline for future research and policy 

development. Future research should concentrate on 

pinpointing the precise causes of pollution in 

Ebonyi State and investigating the possibility of 

mitigating techniques, like launching public 

awareness campaigns about the dangers of 

consuming heavy metals. 
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