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 The purpose of this study is to evaluating water quality and soil in which rice 

straw is grown in some Delta soils, to use as growth media for edible 

mushrooms and determines its ability to accumulate some micro-elements and 

heavy metals in its tissues. The risk assessment of some micro-elements and 

heavy metals accumulation in edible mushrooms. So water, soils, and rice 

straw samples were collected after rice yield harvesting at summer season 

2016 from five Governorates; namely, El-Sharqia (QI), El-Beheira (BH), Kafr 

El-sheikh (KS), El-Gharbia (GH) and El-Dakahlia (DK). An experimental was 

conducted in Training Center Recycling of Agricultural Residues (TCRAR), 

Mushtuhur, Toukh, El Qalyubia Governorate Egypt.  

Results obtained that: Electric conductivity (EC) in the water at different 

Governorates understudying; were medium to saline; pH was neutral to 

alkaline; Sodium Adsorption Ratio (SAR) was low. (KS) The soil was saline-

sodic soils; but (BH) soil was sodic soil, as well as (DK), (QI) and (GH), were 

non-saline-alkali soils. Content of macro, micronutrients and heavy metals 

were a very low concentration in all Governorates. Low concentration of 

micro-elements and heavy metals in rice straw grown at (BH) Governorate, 

also increasing elements at (KS) and (GH) Governorates; as well as Pb in 

straw collected from (QI) was high Governorate. The content of micro and 

heavy elements in all stem and fruit samples for the safe consumption level of 

the edible parts of the mushroom was within the permissible limits where the 

concentrations of the elements and the concentrations were in the following 

order Fe > Mn > Zn > Cu > Ni > Pb > Cd. Bio-concentration factors (BCF) 

and the translocation factor (TF) in edible mushroom were lower than 1 for all 

studying elements. The estimated weekly intake of all elements under study 

from edible mushroom was lower than the provisional tolerable weekly intake. 

For microelements and heavy metals determined in edible mushroom; the 

target hazard quotient was far below 1. Rice straw can be used from the 

previous Governorates as a growth media for edible mushrooms without any 

expecting risks to human health. 

 

INTRODUCTION 

 

The available water resources in Egypt are limited so; the concept of using low-quality irrigation water 

causes pollution in soils and plants. Naeem et al., (2012) investigated the effect of water quality during nursery 

period on the production of tow rice cultivars irrigated with drainage water at Kafr El Shiekh Governorate, as 

well as concentrations of cadmium (Cd), lead (Pb) and (nickel) Ni in rice straw. The results revealed that levels 
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of studied heavy metals were higher in rice straw than in grains in both rice cultivars for all water quality 

treatments. Mahmoud and Ghoneim (2016) showed that the heavy metals, pH, sodium adsorption ratio (SAR), 

in the water of Zefta drain and drain No. 5 exceeded permissible limits for irrigation. The heavy metals content 

in rice and maize shoots grown in soils irrigated from Zefta drain and drain No. 5 exceeded the upper limit of 

background heavy metals. Baishya and Sarma (2014) reported that excessive accumulation of heavy metals in 

agricultural soils might not only result in environmental contamination, but elevated heavy metal uptake by 

crops may also affect food quality and safety. 

In Egypt, rice straw (Oryza sativa) is widely used as culture media for mushroom cultivation. Rice 

straw immense masses that burned every year or left rotted in the moistened fields are intensively used not only 

for Volvariella and Pleurotus cultivation but also used as a chief component of synthetic Agaricus compost. 

Kaul et al., (1981) reported that rice straw contain about 14% lignin, 37% cellulose, 0.4% P2O5 , 0.55% total N 

1.6% K2O, 12% SiO2  and C/N ratio = 70.  

The consumption of wild edible mushrooms is in the continuous increase from time to time, in the 

developed world mainly due to their contents of proteins as well as minerals nutrients. The macronutrient 

profile, in general, revealed that the wild mushrooms were rich sources of protein and had low amounts of fat. In 

general, most of the mushrooms studied had reasonable amounts of minerals nutrients; which contained a low 

average of fat 0.712 g; an average of 6.12 g of protein, 287 mg of Ca, 9.3 mg of Fe, 3.72 mg of Zn. and Na 

0.077 mg (Agrahar-Murugkar and Subbuakshmi, 2005). 

The natural substrates of the mushrooms include logs of woods, decomposed agro- and animal wastes, 

and soil where nutrients are available through external digestion and absorption by the mycelium. There are 

edible and poisonous mushrooms (Okwulehie and Ogoke 2013(. Ivan et al., (2014) showed that concentrations 

of the studied elements in mushroom decreased in order: Zn (91.31 mg kg
–1

) > Fe (57.27 mg kg
–1

) > Cu (13.80 

mg kg
–1

) > Pb (4.20 mg kg
–1

) > Ni (2.67 mg kg
–1

) > Cr (2.52 mg kg
–1

) > Hg (2.38 mg kg
–1

) > Cd (1.66 mg kg
–1

). 

The essential elements in fruiting bodies of Boletus reticulatus were much higher than those of toxic elements. 

The possibility of toxicological effects on human health consumption of investigated species (Boletus 

reticulatus) is negligible Širić et al., (2016) who found that the concentration of all heavy metals significantly 

differed (p < 0.001) between examined saprophytic and ectomycorrhizal mushrooms. Considering anatomical 

part of the fruiting body (cap-stipe), a considerably higher concentration of the analyzed elements was found in 

the cap for all mushroom species.  According to calculated bioconcentration factors, all the examined species 

were found to be bioexclusors of Ni, Cr, and Pb and bio-accumulators of Cd. 

Uloma et al., (2018) found that the estimated weekly intake (EWI) of Zn, Pb, Ni, and Cu from eating 

the edible mushroom was lower than the provisional tolerable weekly intake (PTWI). Zn was (4.41 mg kg
-1

 

bodyweight week
-1

), Pb (0.46 mg kg
-1

 bodyweight week
-1

), Ni (0.00035 mg kg
-1

 bodyweight week
-1

), Cu (0. mg 

kg
-1

 bodyweight week
-1

), respectively. He also found that the target hazard quotient (THQ) for trace metal 

present in edible mushroom for average and high-level consumers showed mean values below the reference 

dose.  

The aim of the present work was to evaluate rice straw as a growth medium for edible mushroom 

production and determine their ability to accumulate some micro-elements and heavy metals in the tissues. Also, 

it's studying the risk of some accumulated micro-elements and heavy metals in edible mushrooms and 

assessment of the quality water, soil in which rice straw is grown.  

 

MATERIALS AND METHODS 

 

Different irrigation water, representative surface soil samples (0-15 cm) from five Governorates 

namely, El- Sharqia, El-Beheira, Kafr ElSheikh, El-Gharbia, and El-Dakahlia; also rice straw after harvesting at 

summer season 2016 were collected. According to standard methods described by ICARDA (2013), the 

following measurements and determinations were made: The soil samples were air-dried, passed through a 2- 

mm sieve and characterized for chemical analysis and particle size distribution by the pipetting method; pH in 

water; as well as pH in soil suspension of 1:2.5 (W/V); were determined using pH meter WTW Series pH 720; 

electrical conductivity (EC) in water, and in soil paste extract determined using electrical conductivity meter 

WTW Series Cond 720; chemical properties of water and soil. K in water and soils were determined by flame 

photometer. Soluble N in water, as well as available nitrogen in the soil, was determined using Automatic micro 

Kjeldahl Vapodest 30S, according to A.O.A.C. (1990). Available Fe, Mn, Zn, Cu, Cd, Cr, Ni and Pb were 

extracted according to the method of Soltanpour and Schwab (1991). Elements in water and soils were 

determined using Inductively Coupled Plasma (ICP) Spectrometry (Ultima 2 JY Plasma) according to the 

procedure of "Environmental Protection Agency" EPA. (1991). 
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Experimental site. 

Rice straw samples were kept in clean plastic bags and brought to the Training Center Recycling of 

Agricultural Residues (TCRAR), Mushtuhur, Toukh, El Qalyubia Governorate Egypt. A plot area was (3 X 5 m 

=15 m
3
). This site was sterilized with disinfectants to prevent contamination.

  

Substrate preparation 

5 kg of each rice straw samples which collected from each Governorate were dried, put in a nylon bag 

and were pasteurized on 70-80 ºC in a water bath, by soaking the straw bags for an hour.  Following 

pasteurization, the bags were removed and put it in a strainer and allowed to drain and cool to room temperature.  

The wet substrate had a moisture content of 75-78%. The substrates were spread on a pre-sterilized polyethylene 

sheet and thoroughly spawned at 2% of the wet substrate. 

 

Pleurotus ostreatus 

Oyster mushroom strain (Pleurotus ostreatus) was kindly obtained from Agricultural 

Microbiology Dep., Soil, Water and Environment Institute (SWERI), Agricultural Research Center 

(ARC), Giza, Egypt. 

 

Cultivation in polyethylene bags and harvesting 

Mushroom blocks were prepared in 45x55cm sized polyethylene bags, which filled with spawned 

substrate and tightly closed to maintain high humidity. Ten holes were made in the polyethylene bags to gases 

exchange. No water was given during spawn run period. The bags were left in a well-ventilated shade place till 

mycelium completely covered the substrate in bags. To provide sufficient aeration, the cover of polyethylene 

bags was removed from mycelia block to encourage cropping. The room temperature was adjusted at 25-30 °C 

and the relative humidity varied from 80-90%. To maintain humidity, the walls and floor should be wetted and 

the blocks were kept moist by watering twice a day before harvesting according to climatic conditions. Mature 

fruit bodies of Pleurotus ostreatus were picked when the edges of the pile started to curl up.  

Rice straw, before & after pasteurization, substrate and edible pleurotus mushroom (cap and stem) 

were cut, three independent replicates were performed for each sample and were measured in parallel washed 

thoroughly with tap water to remove any attached particles, and then rinsed three times with deionized water. 

The samples were put in an oven and air dried at 70
 o

 C and then grounded. The fine ground was prepared as 

half a gram of dry matter was wet digested by using a mixture of sulphuric and percloric acids (HClO4+H2SO4) 

acids according to the procedure of Benton (2001). Fe, Mn, Zn, Cu, Cd, Cr, Ni, and Pb were determined in the 

digestion extracts by Inductively Coupled Plasma Spectrometry (ICP) (Ultima 2 JY Plasma), according to the 

procedure of "Environmental Protection Agency" EPA. (1991). 

 

Accumulation and translocation of heavy metals in edible mushroom. 

It is well known that bioaccumulation factor (BAF) and translocation factors (TF) have been widely 

used for this purpose by measuring the transformation of elements from growth media to stem or cap in edible 

mushroom. However, in this study, we aimed to measure the bioaccumulation factor form growth media to stem 

or cap in edible mushroom and translocation factor from stem to cap for determine the accumulation trends of 

elements in the growing mushroom. Accumulation and translocation of the studied elements were calculated as 

follows:  

BAF =Elements concentration in stem or cap tissues, mg kg
-1

/Elements concentration in growth media, mg kg
-1

.  

TF = Elements concentration in cap, mg kg
-1

/ Elements concentration in stem, mg kg
-1

 (Fitz and Wenzel, 2002).  

 

Estimated weekly intake 

The estimated weekly intake (EWI, μg kg
-1

 body weight week
-1

) of trace metals through consuming 

edible mushroom was calculated using the following equation: 

C × W 

                                                                     EWI = 

B 

Where C concentration of edible mushroom, W edible mushroom intake, and B average weight represent the concentrations of elements 

in the tested mushroom (mg kg-1 dry weight). 

The average weekly edible mushroom intake was assumed to be 210 g wk
-1

 (Kalač and Svoboda 2000), 

and the average body weight was assumed to be 60 kg, according to US EPA (2002) guidelines. The results of 

the intake calculations were assessed based on the provisional tolerable weekly intake (PTWI; Joint FAO/WHO 

Expert Committee on Food Additives, 2004). 

 

Target Hazard Quotient (THQ) 

EF × ED × EIR × C 

THQ =                                        X 10
-3 
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RfDo × WAB × TA 

EF is exposure frequency (365 days/year). 

ED is the exposure duration (70 years), equivalent to the average lifetime Bennett et al., (1999). 

FIR is the edible mushroom ingestion rate (g/person/day), assuming 0.5 g for an average level consumer (ALC), 

and 1.0 g for a high-level consumer (HLC). C is the metal concentration in edible mushroom (mg/kg dry 

weight). RfDo is the Oral Reference Dose (mg kg
-1

 day
-1

). WAB is the average body weight (70 kg). TA is the 

averaged exposure time for non-carcinogens (365 days year
-1

 × ED).  

The RfDo values in mg kg
-1

 body wt day
-1

 for Fe, Mn, Zn, Cu, Cd, Co, Ni and Pb were (0.70, 0.14, 

0.30, 0.04, 0.20, 0.02, and 0.0035), respectively US EPA (2002). An index of more than 1 is considered as not 

safe for human health US EPA (2002). This THQ marker connects the metals concentrations in food with their 

toxicity, quantity, and quality of food consumption and body mass of consumers. The use of this complex 

parameter is more extensive in evaluating the potential health risk of trace metals present in various foods. For 

the metals determined in edible mushroom, the THQ were far below 1. A small value of the index (<1) shows 

reduced health hazard and a value between 1 and 5 represents a concerning level for health hazard Naughton 

and Petróczi (2008). 

 

RESULTS AND DISCUSSION 

 

Water: 

The chemical characteristics of water at different Governorates are summarized in Table 1. Data 

showed that the pH values for all water at different Governorates were ranged from 7.66 – 8.90, with mean 

value 8.24; the pH values was slightly normal range according to guidelines for water quality irrigation (Ayers 

and Westcot, 1985). All water was found a natural pH to high alkaline. The lowest pH value was found at El-

Beheira Governorates, but the highest pH value was found at El-Shrkia Governorates.  

 

Table 1. Some chemical analysis of collected water from different Governorats. 

Items Unit 

Different Governorats FAO 

guidelines 

Slight to 

moderate* 
Kafr-El-Sheikh El-Beheira El-Dakahlia El-Sharkia El-Qalioubia 

pH  7.90 7.66 8.25 8.90 8.50 7.70-8.00 

EC dS m
-1

 1.73 0.86 1.20 2.71 1.90 1.0-2.5 

Na
+
 meq l

-1
 11.20 3.90 3.61 13.25 5.73 < 3.04 

Ca
++

 meq l
-1

 3.00 1.50 2.77 4.52 9.24  

Mg
++

 meq l
-1

 1.50 1.00 5.43 8.15 4.53  

K
+
 meq l

-1
 0.30 0.60 0.28 0.22 0.39  

CO3
=
 meq l

-1
 0.0 0.00 0.00 0.00 0.00  

HCO3
-
 meq l

-1
 0.50 0.20 5.00 2.15 6.50 1.48-8.23 

Cl
-
 meq l

-1
 13.00 5.70 3.53 6.51 5.10 < 2.814 

SO
4=

 meq l
-1

 2.50 1.10 3.55 16.48 8.30  

SAR  7.46 3.49 3.04 2.73 1.66 4.0-9.0 

RSC  0.00 0.00 0.00 0.00 0.00 2.10-2.50 

NO3 mg l
-1

 17.36 27.60 4.100 22.21 5.97 
5.0-30.0 

NH4 mg l
-1

 3.65 0.46 0.225 2.14 0.59 

P mg l
-1

 0.130 0.461 0.504 1.076 0.601 3.00-5.00 

Fe mg l
-1

 0.032 0.395 0.006 0.002 0.005 5.00 

Mn mg l
-1

 0.116 0.247 0.004 0.235 0.010 1.10-2.00 

Zn mg l
-1

 0.550 0.99 0.010 0.015 0.020 2.00 

Cu mg l
-1

 1.116 0.052 0.011 0.009 0.020 0.21-0.30 

B mg l
-1

 0.192 0.204 0.151 0.135 0.216 1.61-2.00 

Cd mg l
-1

 0.00 0.00 0.00 0.00 0.00 0.01 

Ni mg l
-1

 0.005 0.003 0.007 0.002 0.00  

Pb mg l
-1

 0.013 0.026 0.018 0.005 0.00 5.00 

*FAO (Ayere and Westcott 1985).  
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The lowest values of EC and SAR were 0.86 dS m
-1

 and 1.66 at El-Behera and El-Qalioubia 

Governorates respectively. As well as the highest values for EC and SAR were found at E-Skarkia and Kafr-El-

sheikh respectively.  The values of EC, for water at all investigated Governorates ware found to be far above the 

recommended values slight to moderate except El-Shakia Governorate was high compared with FAO guidelines 

for use irrigation water in agriculture. Cations and anions descending order was following: - Na
+ 

< Mg
2+

 < Ca
2+

 

< K
+
 and HCO3

−
 < Cl

−
 < SO4

=
 < CO3

=
 at El-Shrkia Governorate, while cations and anions distribution order as 

following: - Ca
2+

 < Na
+
< Mg

2+
< K

+
 and SO4

=
 < HCO3

−
< Cl

−
 < CO3

= 
at El-Gharbia Governorate respectively. 

 

Salinity hazard:  

Classifications EC in water at different Governorates; between (C2) medium-salinity water; which can 

be used if a moderate amount of leaching occurs, and (C3) high-salinity water cannot be used in soils with 

restricted irrigation water. 

 

Sodium hazard:  

Classification SAR in water at different Governorate; was (SI) low-sodium water can be used for 

irrigation on almost all soils with little danger of developing harmful levels of sodium. Data of soluble elements 

in irrigation water at different Governorates showed in Table 1. the concentration of, NO3, NH4, P, Fe, Mn, Zn, 

Cu, B, Cd, Cr, Co, Ni and Pb were ranged from (4.10 to 27.6), (0.225 to 3.65), (0.130 to 1.076), (0.002 to 

0.395), (0.004 to 0.747), (0.010 to 0.990), (0.090 to 1.116), (0.135 to 0.216), (0.00 to 0.00), (0.00 to 0.073), 

(0.00 to 0.003), (0.001 to 0.007) and (0.00 to 0.026) mgL
-1

 with mean value of 15.448, 1.413, 0.554, 0.088, 

0.122, 0.317, 0.242, 0.180, 0.00, 0.016, 0.001, 0.004 and 0.014 mgL
-1

, respectively. Soluble elements were very 

low or blow the detectable limits, except Mn at El-Beheira and El-Shrkia Governorates, also Cu at Kafr-El-

sheikh Governorate. All types of water i.e at different Governorates were observed to be neutral to alkaline with 

remarkable high EC and SAR values.  

Finally, data illustrated in Table 1. indicates that the water is moderately to not suitable for irrigation 

may be due to the high level of salinity according to limits of Ayere and Westcott (1985). 

 

Table 2. Some chemical and physical analysis of collected soils from different Governorats. 

Items Unit 

Different Governorats Guidelines 

Medium* 

limits 
Kafr-El-Sheikh El-Beheira El-Dakahlia El-Sharkia El-Gharbia 

Physical properties  
Sand % 29.00 35.00 17.52 18.35 14.82 ---- 
Silt % 5.00 8.00 36.83 15.75 39.05 ---- 
Clay % 66.00 57.00 45.65 65.9 46.13 ---- 
Soil texture Clay Clay Clay Clay Caly ---- 

Chemical properties  
pH  7.96 7.80 7.93 7.68 8.25 7.4-8.4 
EC dS m

-1
 4.77 2.36 2.42 2.95 2.30 1.0-2.5 

Na
+
 meq l

-1
 34.20 15.30 11.84 13.16 8.20  

Ca
++

 meq l
-1

 5.30 2.50 3.38 5.32 5.40  
Mg

++
 meq l

-1
 4.65 2.00 8.32 9.73 8.56  

K
+
 meq l

-1
 1.00 0.20 0.42 0.10 0.55  

CO3
=
 meq l

-1
 0.00 0.00 0.00 0.00 0.00  

HCO3
-
 

meq l
-1

 2.10 1.00 2.36 6.13 2.10  
Cl

-
 meq l

-1
 38.70 16.60 8.47 10.13 9.00 0.28-0.56 

SO
4=

 meq l
-1

 9.20 2.40 13.13 12.01 11.61  
ESP  29.82 15.87 7.62 7.46 4.83  

Available elements  
N mg kg

-

1
 

249.0 252.0 30.30 95.21 31.40  
P mg kg

-

1
 

12.01 4.35 19.21 36.88 27.38 10-25 
K mg kg

-

1
 

265.0 314.0 669.90 642.25 535.14 150-250 
Fe mg kg

-

1
 

43.00 11.20 21.10 43.948 33.78 0.10-10 
Mn mg kg

-

1
 

21.00 3.47 7.51 13.000 21.01 1.0-5.0 
Zn mg kg

-

1
 

0.80 0.52 2.24 1.11 2.26 1.0.-10 
Cu mg kg

-

1
 

8.30 7.12 24.01 2.682 46.04 0.10-1.0 
B mg kg

-

1
 

0.10 0.75 0.38 0.00 0.95 0.5-1.0 
Cd mg kg

-

1
 

0.00 0.00 0.00 0.00 0.00 0.10-0.50 
Ni mg kg

-

1
 

0.90 0.35 0.43 0.063 0.69 0.10-5.0 
Pb mg kg

-

1
 

0.90 0.63 0.87 1.86 1.05 0.10-1.0 
*Horneck et. al., (2011) 
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Soils :  

Data in Table 2. show some physical and chemical properties of the soils collected from 

agriculture soil at different Governorates which were irrigated by different water. pH Soils values for 

all tends slightly alkaline to moderately alkaline for all soils at different Governorates. Soil pH was 

slightly alkaline at El-Behera and El- Sharkia Governorates while were moderately alkaline at Kafr-  

El-sheikh, E-Dakahlia and El-Gharbia Governorates respectively. Data in Table 2 soil salinity was slightly 

saline at Kafr-El-Sheikh and was very slightly saline at El-Behera, El-Dakahlia, El-Sharkia and El-Gharbia 

Governorates respectively. Soils EC differed markedly according to the Governorate and ranged between 2.30 

to 4.77 dS m
-1

 the highest value was 4.77 and the lowest values was 2.30 at Kafr-El-Sheikh and El-Gharbia 

Governorates respectively. The increases in salinity resulted from receiving drainage water form fields. Data in 

Table 2 show that the soil ESP values were ranged from 4.83 to 29.82 for El-Qaliobia and Kafr-El-sheikh soils. 

Kafer-Elshakh soil was saline-sodic soils; but El- Beheira soil was sodic soil, as well as non-saline alkali soils at 

El-Dakahlia, El-Sharkia and El-Gharbia respectively. 

The contents of available macro, micro-nutrients and heavy metals in soils of the studied sites were 

show in Table 2. Data show high concentration values of N in all Governorates soils, P was high at El-Sharkia 

and El-Gharbia Governorates; but at Kafr-El-sheikh and El-Dakahlia were medium, and low at El-Behera. K, 

Fe, Mn and Cu was very high at all Governorates soils, Zn was low at Kafr El-shakh, El-Behera, medium at El-

Sharkia but very high at El-Dakahlia and El-Gharbia Governorates. This results obtained by Abdelhafez et al. 

(2012) who concluded that excessive mineral fertilization addition cause high accumulation of heavy metals in 

soil, whereas these fertilizers commonly contains considerable amounts of these metals. The content obtained 

for macro, micronutrients and heavy metals were considerably higher than the permissible limits according to 

Kabata and Pendieas (1992). Regard to B, Cd, Ni and Pb data showed very low concentration in all 

Governorates soil under investigated except B was medium at El-Behera and El-Gharbia, where low at El-

Dakahlia Governorates respectively. Sherif et al., (2015) found that total content of trace elements in soil of the 

studied area were lower than the permissible limits according to EUS (2012).  

 

Evaluation of growth media and mushroom. 

Edible mushroom (Pleurotus) was investigated for the presence of seven elements (Fe, Mn, Zn, Cu, Cd, Ni and 

Pb. Table 3. The concentration of Fe ranged from (295.10 to 174.00 mg kg
-1

) in rice straw (R.S.); from (293.70 

to 173.60 mg kg
-1

) in rice straw after pasteurization (R.S.A.P.); from (123.30 to 86.80 mg kg
-1

) in spent 

mushroom (S.M.); from (110.20 to 50.60 mg kg
-1

) in stem mushroom and from (60.20 to 36.20 mg kg
-1

) in 

mushroom cap. The average concentration of Fe in the edible mushroom was (92.22 mg kg
-1

) in the stem and 

(51.26 mg kg
-1

) in the cap. Concerning Fe concentration in (R.S) and (R.S.A.P) from different Governorates 

were at the following descending order, as Kafr-El-Sheikh > El-Sharkia > El-Gharbia > El-Dkahlia > El-

Beheira. 

Kalač and Svoboda (2000) reported that iron content in edible mushroom varied between (30.0 and 

150.0 mg kg
-1

); also George et al., (2014) found that Fe contents ranged from 44.4 to 125.1 mg kg
-1

, while 

Radulescu et al., (2010) found that Fe content in mushroom ranged from (101.6 to 543.8 mg kg
-1

). 

 The average concentration of Mn in (R.S.), (R.S.A.P.), and (S.M.) were (15.48, 14.65 and 6.87 mg kg
-

1
) respectively. Concerning Mn content in edible stem and mushroom cap, Mn ranged from (3.83 to 6.90 and 

from 1.47 to 4.01 mg kg
-1

)
 
respectively. In different Governments, these elements can be arranged in the 

following order for Mn and Ni;  Kafr-El-Sheikh > El-Gharbia > El-Sharkia > El-Dkahlia > El-Beheira.  

Fortunately, the concentration of cadmium in mushroom was low to be detected in this study. The 

proposed maximum levels of Cd set by (FAO/WHO, 1987) is 0.5 mg kg
-1

 and ranged from (0.81 to 7.50 mg kg
-

1
) as reported by Svoboda et al., (2000). The cadmium levels in all edible parts of mushrooms were very low, 

hence, it is safe for consumption against the risk of this metal. Mn was far below the toxicity limit (between 400 

and 1000 mg kg
-1

) according to WHO (1982). Radulescu et al., (2010) and George et al., (2014) indicated that, 

manganese contents in the mushrooms samples vary as follow (0.7 to 4.2) mg kg
-1

. 

 The concentration of Zn ranged from (8.30 to 16.92 mg kg
-1

), (7.89 to 15.10 mg kg
-1

)
 
and (3.09 to 6.60 

mg kg
-1

) for (R.S.), (R.S.A.P.) and (S.M.) respectively. The highest values were found at El-Gharbia 

Governorate and lowest were at El-Beheira Governorate. The concentration of Zn ranged from (2.80 to 5.11 mg 

kg
-1

) in stem while in mushroom cap it ranged from (2.00 to 3.39 mg kg
-1

); it was accumulated more in stem 

than in cap; it was found at a low permissible limit. These results are in agreement with these obtained by Tüzen 

et al., (2003), who reported that permissible range of Zn in mushroom has been limited between (28.6 to 179.0 

mg kg
-1

). The descending order for Zn concentration was as following: - El-Gharbia > El-Dkahlia > El-Sharkia 

> Kafr-El-Sheikh > El-Beheira.  

The concentration of Cu was highest in (R.S), (R.S.A.P.), (S.M.), mushroom stem and mushroom cap 

for El-Beheira Governorate (10.70, 9.81, 3.91, 3.50 and 2.40 mg kg
-1

, respectively. which were above the safe 

limit (40 mg kg
-1

) set by WHO (1982) in foods. While the lowest concentration of Cu in mushroom stem and 

mushroom cap grow on (R.S.) was in El-Sharkia Governorate. Cu concentration followed the following the 

http://ec.europa.eu/environment/waste/studies/pdf/heavymetalsreport.pdf
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descending order, El-Gharbia > El-Dkahlia > Kafr-El-Sheikh > El-Beheira > El-Sharkia. The proposed 

maximum levels of Cu set by (FAO/WHO, 1987) is (2.0 mg kg 
−1

), (George et al., 2014). reported that the 

concentration of Cu ranges from 13.7 to 182.4 mg kg
-1

. 

 

Table 3. The concentration of micro elements and heavy metals (mg kg
-1

 dry weight) in rice straw, rice 

straw after pasteurization, spent mushroom, stem and mushroom cap of Pleurotus. 

Elements Governorates 
Raw material 

(Rice straw) 

Rice straw after 

pasteurization 

Spent 

mushroom 
Stem Cap 

Fe 

Kafr- ElSheikh 295.10 293.70 123.30 110.20 60.20 

El-Beheira 174.00 173.60 86.80 50.60 36.20 

El-Dakahlia 256.40 251.30 119.80 98.35 33.15 

El-Sharqia 286.30 284.80 122.40 95.85 66.55 

El-Gharbia 279.00 276.60 110.30 106.10 60.20 

Mn 

Kafr- ElSheikh 21.70 20.61 9.70 6.90 4.01 

El-Beheira 11.60 10.70 5.40 3.83 1.47 

El-Dakahlia 14.00 13.77 5.99 4.70 3.08 

El-Sharqia 15.00 13.94 6.77 4.11 3.06 

El-Gharbia 15.11 14.21 6.51 4.11 3.59 

Zn 

Kafr-ElSheikh 10.70 9.81 3.91 3.50 2.40 

El-Beheira 8.30 7.89 3.09 2.80 2.00 

El-Dakahlia 12.92 10.81 4.50 3.80 2.51 

El-Sharqia 12.30 10.01 4.00 3.60 2.41 

El-Gharbia 16.92 15.10 6.60 5.11 3.39 

Cu 

Kafr-El Sheikh 3.20 2.87 1.50 1.00 0.37 

El-Beheira 10.70 9.81 3.91 3.50 2.40 

El-Dakahlia 5.60 5.00 2.00 1.60 1.40 

El-Sharqia 8.30 7.89 3.09 2.80 2.00 

El-Gharbia 6.30 5.80 2.40 1.90 1.50 

Cd 

Kafr El Sheikh 1.50 1.40 0.80 0.46 0.14 

El-Beheira 0.41 0.37 0.18 0.15 0.04 

El-Dakahlia 0.50 0.45 0.20 0.17 0.08 

El-Sharqia 0.80 0.75 0.38 0.21 0.16 

El-Gharbia 0.80 0.74 0.45 0.29 0.10 

Ni 

Kafr El Sheikh 8.10 7.80 3.21 2.81 1.78 

El-Beheira 3.81 3.20 1.88 1.00 0.32 

El-Dakahlia 5.38 4.19 1.60 1.82 0.77 

El-Sharqia 5.10 4.50 2.00 1.50 1.00 

El-Gharbia 6.50 6.03 2.81 2.10 1.12 

Pb 

Kafr El Sheikh 2.90 2.11 1.08 0.72 0.31 

El-Beheira 2.00 1.87 0.89 0.63 0.36 

El-Dakahlia 2.17 1.96 0.89 0.60 0.38 

El-Sharqia 3.80 3.31 1.10 1.21 1.00 

El-Gharbia 3.00 2.88 1.30 1.00 0.58 

  

The average concentration of Cd and Ni in (R.S.), (R.S.A.P.), and (S.M.) were (0.80, 0.74 and 0.40 mg kg
-1

) for 

Cd and (5.78, 5.14 and 2.30 mg kg
-1

) for Ni, respectively. Concerning Cd and Ni content in edible stem and 

mushroom cap, Cd ranged from (0.15 to 0.46 and 0.04 to 0.16 mg kg
-1

)
 
respectively, and (1.00 to 2.81 and 0.32 

to 1.78 mg kg
-1

)
 
for Ni respectively. In different Governments, these elements can be arranged in the following 

order for Cd content in stem was the highest in Kafr-El-Sheikh samples and the lowest value was found in El-

Beheira samples. While in mushroom cap, the highest value was found in El-Beheira and the lowest value found 
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in El-Sharkia Governorate samples. As well as arranged in the following order for Ni Kafr-El-Sheikh > El-

Gharbia > El-Sharkia > El-Dkahlia > El-Beheira.  

Concerning Pb, the concentration ranged from (3.80 to 2.00 mg kg
-1

) in (R.S) and from (1.87 to 3.31 

mg kg
-1

) in (R.S.A.P.) at El-Shrkia and El-Beheira Governorates, respectively. While the highest Pb 

concentration in (S.M.) was (1.30 mg kg
-1

)
 
at El-Gharbia Governorate; the lowest concentration was (0.89 mg 

kg
-1

) at El-Beheira and El-Dakahlia Governorates. Regard Pb concentration in stem and cap mushroom samples 

from different Governorate followed the descending order, as following: - El-Sharkia > El-Gharbia > Kafr-El-

Sheikh > El-Beheira > El-Beheira.These values were below the WHO permissible limit except Pleurotus 

ostreatus (12.9 mg kg
-1

). Sesli et al., (2008) reported that, Pb contents of mushroom ranged from (0.9 –2.6 mg 

kg
-1

). 

 

Correlation matrix between elements in spent mushroom and stem or/and cap.  

Data in Table 4. indicated positive coloration between Fe in mushroom spent with Fe and Ni in stem, 

and with Mn, Cd and Ni in cap at P < 0.01; as well as also found correlation at P < 0.05 with Mn in stem at P < 

0.05. Concerning Mn in spent mushroom positive correlation was noticed with Mn, Cd Co and Ni in stem; and 

cap at P < 0.01 as well as poor correlation at P < 0.05 with Fe in stem and cap, respectively.  

Strong correlation was found between Zn in spent mushroom with Zn in stem and cap, respectively, 

while poor correlation with Fe in stem and Mn in cap. Negative correlation between Cu in spent mushroom with 

Fe, Mn, Cd and Ni in stem; Mn, Co and Ni in cap at P < 0.01, while it was positive with Cu in stem and cap, 

respectively. These results agree of with Qingqing et al., (2015). woh found that there were significant positive 

correlations between heavy metals (Cd and Pb) concentrations in mushrooms and their substrates. 

Regarding Cd in spent mushroom a strong correlation was indicated with Fe, Mn, Cd, Co and Ni in 

stem and cap, respectively. Also, strong correlation between Ni in spent mushroom with Mn, Cd Co and Ni in 

stem and Fe, Mn, Co and Ni in cap, were observed; while was observed poor correlation with Fe in stem only. 

Strong positive correlation between Pb in spent mushroom was detected with Zn and Pb in stem and with Fe and 

Zn in cap. Poor positive correlation with Fe in stem and Mn, Cd and Ni in cap was also detected. 

 

Table 4. Correlation matrix between elements spent mushroom and stem or/and cap. 

S
te

m
 

Spent mushroom 

Elements Fe Mn Zn Cu Cd Ni Pb 

Fe 0.897
**

 0.633
*
 0.597

*
 -0.872-

**
 0.654

**
 0.544

*
 0.601

*
 

Mn 0.543
*
 0.931

**
 -0.152 -0.787-

**
 0.838

**
 0.659

**
 0.033 

Zn 0.342 0.030 0.995
**

 -0.422 0.201 0.382 0.813
**

 

Cu -0.729-
**

 -0.717-
**

 -0.396 0.997
**

 -0.677-
**

 -0.576-
*
 -0.284 

Cd 0.489 0.955
**

 0.186 -0.717-
**

 0.987
**

 0.939
**

 0.499 

Co 0.547
*
 0.966

**
 -0.216 -0.533-

*
 0.922

**
 0.727

**
 0.252 

Ni 0.677
**

 0.874
**

 0.373 -0.929-
**

 0.880
**

 0.808
**

 0.464 

Pb 0.351 0.049 0.370 0.150 0.177 0.164 0.703
**

 

C
a
p

 

Fe 0.514 0.576
*
 0.337 -0.229 0.694

**
 0.654

**
 0.817

**
 

Mn 0.851
**

 0.751
**

 0.548
*
 -0.893-

**
 0.779

**
 0.684

**
 0.626

*
 

Zn 0.287 0.038 0.996
**

 -0.397 0.222 0.426 0.835
**

 

Cu -0.666-
**

 -0.880-
**

 -0.208 0.945
**

 -0.835-
**

 -0.715-
**

 -0.262 

Cd 0.830
**

 0.670
**

 0.129 -0.448 0.668
**

 0.444 0.519
*
 

Co 0.509 0.993
**

 -0.096 -0.651-
**

 0.964
**

 0.823
**

 0.286 

Ni 0.735
**

 0.948
**

 0.266 -0.812-
**

 0.960
**

 0.840
**

 0.545
*
 

Pb 0.313 -0.161 0.159 0.307 -0.096 -0.180 0.415 

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed). 

 

Data in Table 5. showed the correlation matrixes between some elements in stem and cap in mushroom. Strong 

positive correlation between Fe in stem with Mn, Cd and Ni, while poor positive correlation was found with Fe, 

Zn and Co in cap. Also found strong positive correlation for between Mn in stem with Mn, Co and Ni in cap at 

(P < 0.01). Positive correlation between Zn in stem was detected with Mn at (P < 0.05) and Zn at (P < 0.01) in 

cap; also positive correlation was found between Cu in stem and cap. Negative correlation between Cu in stem 

and Mn, Co and Ni at P < 0.01, negative correlation between Cu in stem with Mn, Co, and Ni in cap was also 

detected at P < 0.01; also a positive correlation between Cu in stem and in cap was noticed. Concerning Cd and 

Ni in stem, they had strong positive correlation with Mn, Co and Ni in cap, as well as was poor positively 

correlation found between Cd in stem and Fe in cap; the same correlation was found between Ni in stem and Cd 
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in cap, and also the correlation was poor between Cd in stem with Fe in cap. Highly positively correlation 

between Pb in stem with Fe, Cd and Pb in cap at (P < 0.01). 

 

Table 5. Correlation matrixs between elements in stem and cap in mushroom. 

C
ap

 

Stem 

Elements Fe Mn Zn Cu Cd Ni Pb 

Fe. 0.583
*
 0.244 0.409 -0.218 0.595

*
 0.457 0.829

**
 

Mn 0.982
**

 0.655
**

 0.615
*
 -0.885-

**
 0.780

**
 0.919

**
 0.294 

Zn 0.633
*
 -0.102 0.997

**
 -0.417 0.256 0.421 0.417 

Cu -0.770-
**

 -0.930-
**

 -0.254 0.953
**

 -0.883-
**

 -0.976-
**

 0.194 

Cd 0.723
**

 0.435 0.228 -0.408 0.560
*
 0.535

*
 0.694

**
 

Co 0.543
*
 0.930

**
 -0.038 -0.659-

**
 0.955

**
 0.838

**
 -0.002 

Ni 0.831
**

 0.836
**

 0.335 -0.812-
**

 0.949
**

 0.945
**

 0.219 

Pb 0.170 -0.451 0.216 0.354 -0.236 -0.279 0.933
**

 

*. Correlation is significant at the 0.05 level (2-tailed).**. Correlation is significant at the 0.01 level (2-tailed). 

 

Bio-concentration factors for elements in edible mushroom. 

Micronutrients and heavy metals concentration and factors of bio-concentration (BCF) are presented in 

Table 6. In general, Bio-concentration factors (BCF) descriptive elements in edible mushroom. The values of 

BCF were far below 1 for all elements analyzed in mushrooms except Ni and Pb in El-Dakahlia and El-Sharqia 

Governorates 

Table 6. Bio-concentration factors for elements in edible mushroom. 

Governorates Fe Mn Zn Cu Cd Ni Pb 

 Bioaccumulation factor for stem 

Kafr El-Sheikh 0.894 0.711 0.895 0.667 0.575 0.875 0.667 

El-Beheira 0.583 0.709 0.906 0.895 0.833 0.532 0.709 

El-Dakahlia 0.821 0.785 0.844 0.800 0.850 1.138 0.674 

El-Sharqia 0.783 0.607 0.900 0.906 0.553 0.750 1.100 

El-Gharbia 0.962 0.631 0.774 0.792 0.644 0.747 0.769 

 Bioaccumulation factor for cap 

Kafr El Sheikh 0.488 0.413 0.614 0.247 0.175 0.555 0.287 

El-Beheira 0.417 0.272 0.647 0.614 0.222 0.170 0.405 

El-Dakahlia 0.277 0.514 0.558 0.700 0.400 0.481 0.427 

El-Sharqia 0.544 0.452 0.603 0.647 0.421 0.500 0.909 

El-Gharbia 0.546 0.551 0.514 0.625 0.222 0.399 0.446 

 

 The mean Fe, Mn, Z, Cu, Cd, Ni and Pb concentration mg kg
-1

 in analyzed of edible mushroom were 

(0.809, 0.689, 0.864, 0.812, 0.691, 0.757 and 0.746 mg kg
–1

) and (0.454, 0.441, 0.587, 0.567, 0.288, 0.409 and 

0.478 mg kg
–1

) in stem and cap mushroom, respectively. The highest value in stem mushroom was found at El-

Gharbia Governorate for Fe, El-Dakahlia Governorate for Mn, Cu, Cd and Ni, El-Beheira Governorate for Zn, 

while Pb were found at Kafr El-Sheikh and El-Sharqia Governorates. The lowest concentration was determined 

in El-Beheira Governorate for Fe, El-Sharqia Governorate for Mn, Cu and Cd, while Zn was lowest at El-

Gharbia, Ni and Pb at El-Dakahlia, El-Beheira and Kafr El-Sheikh Governorates, respectively. The highest 

values in cap mushroom were found at El-Gharbia for Fe and Mn, Zn and Cu at El-Beheira, Cd and Pb at El-

Sharqia and Ni at Kafr El-Sheikh. Regarding the lowest concentration for Fe was found at El-Dakahlia, Mn and 

Ni at El-Beheira, while Zn at El-Gharbia, Cu at El-Sharqia, Cd and Pb at Kafr El-Sheikh. 

 All elements analyzed showed values of BCF < 1 except Ni and Pb as they recorded 1.138 and 1.10 in 

stem at El-Dakahlia and El-Shariqia, Governorates respectively. This result agrees with Širić, et al., (2016) who 

found that the concentrations of Fe varied among the tested species. Values varied between 153.96 mg kg
–1

 in 

the species T. portentosum and 49.25 mg kg
–1

 in L. deterrimus, an ectomycorrhizal species that lives only in 

symbiosis with spruce (Picea abies L.). The specified average iron concentration in T. portentosum was 

significantly higher (P < 0.05) than in other analyzed species, with the exception of A. campestris. The values of 

BCF were far below 1 in all analyzed mushroom. The mean Zn concentration in analyzed species of wild edible 

mushroom was 76.34 mg kg
–1

. The highest mean zinc concentration of 95.56 mg kg
–1

 was found in T. terreum, 

while the lowest concentration was determined in A. mellea, a species that lives on wood without contact with 

mineral particles of soil. Most of analyzed species showed values of BCF > 1, while the species A. mellea, C. 

inversa and C. nebularis bioexcluded zinc (BFC). Also Udochukwu et al., (2014) showed that edible mushroom 

can serve as a bioremediation agent because of its ability to bio accumulates substances such as heavy metals, 
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thereby removing them or reducing their concentration which may be harmful or hazardous from the polluted 

soil. 

 

Translocation factor for elements in edible mushroom 

 Data in Tabl 7. show that, micro elements and heavy metals translocation factor (TF) in fruiting body 

of mushroom is expressed by the ratio cap/stem. We can observe that TF is lower than 1 for all micro nutrients 

and heavy metals under study. The range were from 0.715 to 0.337 for Fe, 0.873 to 0.384 for Mn, 0.714 to 0.661 

for Zn, 0.875 to 0.370 for Cu, 0.762 to 0.267 for Cd, 0.667 to 0.320 for Ni and from 0.909 to 0.431 for Pb 

respectively. 

 

Table 7. Translocation factors for elements for edible cap mushroom. 

Governorates Fe Mn Zn Cu Cd Ni Pb 

Kafr El Sheikh 0.546 0.581 0.686 0.370 0.304 0.633 0.431 

El-Beheira 0.715 0.384 0.714 0.686 0.267 0.320 0.571 

El-Dakahlia 0.337 0.655 0.661 0.875 0.471 0.423 0.633 

El-Sharqia 0.694 0.745 0.669 0.714 0.762 0.667 0.826 

El-Gharbia 0.567 0.873 0.663 0.789 0.345 0.533 0.580 

 

Dietary intakes 

The estimated weekly intake (EWI) of Fe, Mn, Zn, Cu, Cd, Ni, and Pb by a 60 kg adult consuming 

210g of edible mushroom a week and the provisional tolerable weekly intake (PTWI) for the elements 

investigated are presented in Table 8.  

 

Table 8. Estimated weekly intake (EWI) (μg kg
-1 

body weight week
-1

) of elements by adults consuming 

edible mushroom. 

Governorates 
Fe Mn Zn Cu Cd Ni Pb 

Estimated weekly intake for stem 

Kafr El Sheikh 385.70 24.15 12.25 3.50 1.61 9.84 2.52 

El-Beheira 177.10 13.41 9.80 12.25 0.53 3.50 2.21 

El-Dakahlia 344.23 16.45 13.30 5.60 0.60 6.37 2.10 

El-Sharqia 335.48 14.39 12.60 9.80 0.74 5.25 4.24 

El-Gharbia 371.35 14.39 17.89 6.65 1.02 7.35 3.50 

 Estimated weekly intake for cap 

Kafr El Sheikh 210.70 14.04 8.40 1.30 0.49 6.23 1.09 

El-Beheira 126.70 5.15 7.00 8.40 0.14 1.12 1.26 

El-Dakahlia 116.03 10.78 8.79 4.90 0.28 2.70 1.33 

El-Sharqia 232.93 10.71 8.44 7.00 0.56 3.50 3.50 

El-Gharbia 210.70 12.57 11.87 5.25 0.35 3.92 2.03 

 

EWI of Fe, Mn, Zn, Cu, Cd, Ni and Pb from edible mushroom was lower than the PTWI. for Fe, EWI 

was 385.70 μg kg
-1

 body weight week
-1

); Mn was ( 24.15 μg, kg
-1

 body weight week
-1

; Zn was 13.30 μg, kg
-1

 

body weight week
-1

); Cu was (12.25 μg, kg
-1

 body weight week
-1

); Cd was (1.61 μg kg
-1

 body weight week
-1

); 

Ni was ( 9.84 μg kg
-1

 body weight week
-1

) and Pb was (4.24 μg kg
-1

 body weight week
-1

), These results were in 

harmony with Qingqing et al., (2015). They stated ( EWI) of Cd, Pb, Fe, and Zn by a 60 kg adult consuming 

210 g of edible mushroom each week, The highest EWI values of Pb (3.74 μg kg
-1

 body weight week
-1

) and Fe 

(2761 μg kg
-1

 body weight week
-1

) were provided by Agaricus bisporus, P. ostreatus, and Armillaria mellea, 

respectively. And (PTWI) in the eating the mushroom for Cd was (5.84 μg kg
-1

 body weight week
-1

), and Zn 

(387 μg kg
-1

 body weight week
-1

). 

 

Target Hazard quotient (THQ) for heavy metal present in edible mushroom 

The THQs have been recognized as useful parameters for risk assessment of metals associated with the 

intake of contaminated food and foodstuff. It represents the ratio between the estimated dose of a contaminant 

and the reference dose below which there will be no appreciable risk.  

THQ values on the consumption of meals prepared with edible mushroom by average level consumer 

(ALC) who consumes a 0.5 g of edible mushroom from a meal and a high level consumer (HLC) who consumes 

1.0 g of edible mushroom from a meal (using the mean of data obtained) are presented in Table 9. The (ALC) in 

stem mushroom, for Fe, Mn, Zn, Cu, Cd, Ni and Pb were 0.000941, 0.000241, 0.000090, 0.000386, 0.000018, 
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0.000132, and 0.003396, respectively. Similarly, for (HLC) in stem mushroom the values were 0.001882, 

0.000001, 0.000179, 0.000771, 0.000009, 0.000066 and 0.001698, respectively.  

As for cap, (ALC) the values were 0.000523, 0.000155, 0.000061, 0.000274, 0.000007, 0.000071 and 

0.002147 for Fe, Mn, Zn, Cu, Cd, Ni and Pb respectively. Also, (HLC) in cap mushroom were 0.001046, 

0.000310, 0.000121, 0.000548, 0.000004, 0.000036 and 0.001073, respectively. (THQ) for micro-elements and 

heavy metals present in edible mushroom for average consumers showed mean values below reference dose 

(Table 9). 

These results agree with Uloma et al., (2018) who found that (THQ) values on the consumption of 

meals prepared with edible mushroom by (ALC) and HLC, for the HLC, the mean value for Zn, Pb, Cu and Ni 

were 0.0042, 0.025, 0.00388 and 0.000005, respectively. Similarly, for (ALC), mean values 0.00021, 0.018, 

0.00182 and 0.0000025, respectively, for the same elements.  

An index more than 1 is considered as not safe for human health (US EPA, 2002). This result indicated 

that there is no appreciable risk in the consumption of the edible mushroom throughout life. The THQ connects 

of micro elements and heavy metals concentrations in edible mushroom with their toxicity, quantity and quality 

of edible mushroom consumption and body mass of consumers. 

 

Table 9. Target Hazard quotient (THQ) for heavy metal present in edible mushroom. 

Different  

Governorates  
EIR 

Fe Mn Zn Cu Cd Ni Pb 

Stem 

Kafr El Sheikh 
ALC 1.12E-03 3.52E-04 8.33E-05 1.79E-04 3.29E-05 2.01E-04 2.94E-03 

HLC 2.25E-03 1.15E-06 1.67E-04 3.57E-04 1.64E-05 1.00E-04 1.47E-03 

El-Beheira 
ALC 5.16E-04 1.95E-04 6.67E-05 6.25E-04 1.07E-05 7.14E-05 2.57E-03 

HLC 1.03E-03 1.16E-06 1.33E-04 1.25E-03 5.36E-06 3.57E-05 1.29E-03 

El-Dakahlia 
ALC 1.00E-03 2.40E-04 9.05E-05 2.86E-04 1.21E-05 1.30E-04 2.45E-03 

HLC 2.01E-03 1.16E-06 1.81E-04 5.71E-04 6.07E-06 6.50E-05 1.22E-03 

El-Sharqia 
ALC 9.78E-04 2.10E-04 8.57E-05 5.00E-04 1.50E-05 1.07E-04 4.94E-03 

HLC 1.96E-03 1.16E-06 1.71E-04 1.00E-03 7.50E-06 5.36E-05 2.47E-03 

El-Gharbia 
ALC 1.08E-03 2.10E-04 1.22E-04 3.39E-04 2.07E-05 1.50E-04 4.08E-03 

HLC 2.17E-03 1.16E-06 2.43E-04 6.79E-04 1.04E-05 7.50E-05 2.04E-03 

 Cap 

Kafr El Sheikh 
ALC 6.14E-04 2.05E-04 5.71E-05 6.61E-05 1.00E-05 1.27E-04 1.27E-03 

HLC 1.23E-03 4.09E-04 1.14E-04 1.32E-04 5.00E-06 6.36E-05 6.33E-04 

El-Beheira 
ALC 3.69E-04 7.50E-05 4.76E-05 4.29E-04 2.86E-06 2.29E-05 1.47E-03 

HLC 7.39E-04 1.50E-04 9.52E-05 8.57E-04 1.43E-06 1.14E-05 7.35E-04 

El-Dakahlia 
ALC 3.38E-04 1.57E-04 5.98E-05 2.50E-04 5.71E-06 5.50E-05 1.55E-03 

HLC 6.77E-04 3.14E-04 1.20E-04 5.00E-04 2.86E-06 2.75E-05 7.76E-04 

El-Sharqia 
ALC 6.79E-04 1.56E-04 5.74E-05 3.57E-04 1.14E-05 7.14E-05 4.08E-03 

HLC 1.36E-03 3.12E-04 1.15E-04 7.14E-04 5.71E-06 3.57E-05 2.04E-03 

El-Gharbia 
ALC 6.14E-04 1.83E-04 8.07E-05 2.68E-04 7.14E-06 8.00E-05 2.37E-03 

HLC 1.23E-03 3.66E-04 1.61E-04 5.36E-04 3.57E-06 4.00E-05 1.18E-03 

The RfDo*  0.070 0.14 0.30 0.04 0.20 0.20 0.0035 

(ALC) = average level consumer and (HLC) = high level consumer *The values in mg kg
-1

 body wt/day (US 

EPA, 2002).  

 

The use of this complex parameter is more extensive in evaluating the potential health risk of trace 

metals present in various foods (Naughton and Petróczi, 2008).  

For micro elements and heavy metals determined in edible mushroom, the THQ were below 1. A small 

value of the index (<1) shows reduced health hazard and a value between 1 and 5 represents a concern level for 

health hazard (Naughton and Petróczi, 2008). 

 

Conclusion. 

Micro nutrients and heavy metals concentration in edible mushrooms grow on rice straw from different 

Governorates have been determined on a dry weight basis using ICP-Plasma Spectroscopy. It was observed that 

the order of elements in the stem and cap mushroom samples was Fe > Mn > Zn > Cu > Ni > Pb > Co > Cd. 

This may be attributed to differences in substrate composition, as determined by the ecosystem and great 

differences in uptake of individual metals by the mushroom species. Low concentration in rice grew at El-

Beheira Governorate. Also increasing elements at Kafr-Elsheikh and El-Gharbia Governorates may be due to 

irrigation of the rice by polluted mixed water (agricultural drainage and industrial wastewater). While increased 

Pb concentration at El-Sharkia Governorate may be due to irrigation with water mixed with sewage water from 
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Bahr El-Baqar drain. It can be concluded that rice produced from studied Governorates can be used as a growth 

media for edible mushrooms cultivation without any adverse risks to human health. 
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